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This book is dedicated to friends and family – 
past, present and future.

			In appreciation of those who made us who we are.

			In gratitude to those whose support we have now.

			In anticipation of those whose paths we may touch.

		

	
		
			

			Forewords 

			Prof Dr H Weber 

			Chairman and Medical Director, Clinic for Dental, Oral and Maxillary Medicine, Tübingen, Germany

			It was a desirable expectation that this ­comprehensive, outstanding book on ‘Practical Implant Dentistry – 
The Science and Art’ would be published in a second edition, for several reasons:

			The sold-out first edition, written by practitioners for practitioners, represents a rare combination of practical guidelines for encompassing clinical implant dentistry. Founded on a sound and solid personal clinical experience of the authors on one side, the scientific basis is also provided with an analysis of the relevant literature on the other side. Such a well accepted book must have another edition. 

			Implant dentistry has dramatically evolved in past years due to digitalisation in both fields i.e., computer based diagnostics and therapy and restorative laboratory procedures – a state-of-the-art book must include all of this.

			Another edition would enable the authors to utilise the unique chance of presenting follow-ups of patients shown in the first edition, and by doing so shall reflect the value and the reliability of treatment concepts.

			The second edition meets all of these three reasons/expectations in an unsurpassed way by reflecting marvellously the developments in our clinical understanding and technology:

			Clinically, we all – by gaining experience – are moving our indications for certain treatments to other levels of complexity and difficulty. In implant dentistry, bone grafts have become more frequent and important because of our personal demands as well as our patients’ with regard to what can be, or rather must be achieved aesthetically and functionally by such a treatment.

			Technically, digitalisation has a tremendous impact in both fields – clinically and in the dental laboratory:

			
					
•		In diagnostics/therapy, advanced CBT/CT-scans with improved software enhanced our understanding of the individually appropriate treatment, on our surgical possibilities in terms of computer guided surgery, and, last, but not least, by all of this on the safety of our patients.

					
•		In the dental lab, sophisticated CAD/CAM-technology is steadily widening/enlarging our possibilities with regard to materials, design, and precision. This book introduces these new technologies.

			

			Furthermore, the new edition does not only cover the modern topics mentioned above in a state-of-the-art manner, but by presenting follow-ups of some of the cases shown in the first edition, it confirms the efficacy of the treatment principles described.

			In the field of implant dentistry, this book is again a must for beginners as well as for advanced colleagues. Having been involved in surgical as well as restorative implant dentistry clinically and scientifically myself for more than three decades, I do appreciate the enormous input of the authors in this field resulting in an equivalent impact of their book on our profession. I would like to thank the authors for the very successful efforts they invested into this book. Together with my appreciation, congratulations, and my thanks, I would like to state that this book will be another milestone in our University Medical Library.

			Raj K Raja Rayan 

			OBE MSc FFGDP FDS MGDS MRD DRD MA(Clin Ed) Past Dean, Faculty of General Dental Practice, Royal College of Surgeons of England

			Holland1 suggested that healthcare career preferences could be mapped in six broad types (RIASEC model) for vocational career choices. They were surgery (realistic), hospital medicine (investigative), psychiatry (artistic), public health (social), administrative medicine (enterprising) and laboratory medicine (conventional).

			The greatest innovation in dental treatment and the biggest growth area in dentistry at the beginning of this millennium is the field of implantology. A clinician who embarks upon it will need to embrace all six disciplines of healthcare choices. A clinician who practises implantology is the complete practitioner. The concept of the scientist practitioner (investigative) is now at the core of all dental treatment planning. Evidence-based healthcare, where evidence is based on audit and clinical governance interacting with clinical pathways, makes the professional accountable to the public. Quality assurance is then used to ensure that untoward outcomes are kept to a minimum. Therefore, public health dentistry (social) and practice management (enterprising) have evolved prominently. Those who embark upon dental implantology are engineers of medicine, solving problems at high levels of mechanical and technical excellence, emphasising practical skills and craftsmanship, with immediate and effective results (realistic). Implantology spans almost all aspects of clinical dentistry to include complex surgery and advanced prosthodontics. These practitioners need to have an artistic approach to the subject, seeing, interpreting and responding imaginatively to a range of dental, medical, social, ethical and other problems, including responding to ideas expressed by patients. Evidence-based medicine, where it exists, must be balanced with treatment specific to that unique individual (artistic). Precision technology and attention to detail at the micrometre level in the laboratory will crown the eventual result (conventional).

			The authors have mapped this publication to encompass all disciplines required for advancing the complete implant practitioner. Their in-depth understanding of general dental practice and their wide experience in teaching have lent themselves well to their well-rehearsed and structured methodology. This book is a practical and sensible approach to excellence in implantology. It is written in an easy style and is full of beautiful illustrations to help guide the practitioner of implantology through the myriad of choices. I have learnt much from it. This publication is a benchmark in our modern approach to implant dentistry.

			

			

			
				
					1	Holland JL. Making vocational choices: a theory of careers. New York: Prentice Hall, 1973.

				

			

		

	
		
			

			Preface 

			Preface to the First Edition

			Conceptually the replacement of a missing tooth by means of an implant is attractive for several reasons:

			it is functionally and aesthetically superior to any other form of restoration

			it replaces the tooth in a manner that closely resembles its missing natural predecessor

			the implant-supported restoration can be independent of the adjacent teeth

			it is therapeutically attractive because it will stimulate the bone and induce an increase in density in response to functional load.

			

			This book offers a practical and pragmatic approach to implant dentistry, outlining predictable protocols for each stage. Our aim is to present guidelines to assist the clinician during decision making. The illustrations are designed to facilitate the comprehension of the clinical procedures. The flowcharts are designed to provide an understanding of the procedures and the various available pathways. We hope that the flowcharts will make clear the treatment options available and help in visualising each stage within the overall treatment plan. There are checklists for certain stages to ensure that the relevant points have been adequately addressed before embarking on the next stage.

			Coalescing the art and science of implant dentistry, this book aims to eliminate compromise in a rational and methodical manner. It aims to make implant dentistry a predictable field that can be brought within the reach of the clinician. The protocols outlined are based on clinical experience in a practice wholly dedicated to the surgical and restorative aspects of implant dentistry. It is not intended to cover every technique available to the clinician in this field, but rather to present a limited number of options, which are evidence based, efficient in terms of time and predictable in terms of outcome. These protocols, with high success rates and excellent aesthetic and functional outcome, are presented in a manner that simplifies the decision-making process. We are confident that the clinician who follows the protocols outlined here and who has a thorough understanding of their principles will be able to carry out treatment to the benefit of the patient.

			For the patient, restoring a gap with an implanted tooth that is aesthetically and functionally close to what nature had intended, has far-reaching benefits. It restores health and function, thus preventing the harm that results from the loss of function. Furthermore, it must not be overlooked that the aesthetics are also restored. The mouth, after all, is the organ that is the centre of communication and, therefore, critical to how we present ourselves to our fellow human beings.

			This book hopes to encompass the many discip­lines that contribute to implant dentistry. It is not the purpose of this book to teach basic sciences, such as physiology, anatomy or pharmacology. We have assumed that clinicians entering this field will be familiar with both the surgical and restorative aspects of dentistry as well as the basic sciences. Clinicians who hope to practise implant dentistry must not only be familiar with the restorative and surgical aspect of treatment but must also understand the management of patients. Understanding the needs and expect­ations of patients within the framework of their general health and well-being is fundamental to the successful outcome of treatment. The general dental practitioner, adequately trained, is well suited for providing patients with implant treatment.

			‘Medical education is not completed at the medical school: it is only begun’ (William H Welch, MD, 1850–1934).

			Ashok Sethi

			Thomas Kaus

			London and Tübingen

			

			Preface to the Second Edition

			Translation of our first edition into 10 languages served as inspiration for us to update. There is merit in what is ‘old’: established treatment protocols that have stood the test of time and acquitted themselves as valid procedures. Science, however, has at its very core the ongoing mechanism of critical examination and valid­ation of new and existing evidence to accumulate new knowledge and thus elevates our level of understanding. This is change and must be embraced, for that is life itself.

			With this in mind, we have introduced treatment protocols that have benefited from advances in technology and our better understanding of biological principles. There are new paradigms that emerge out of these advances and we hope to have embraced them. Therefore, in updating this book, we have also presented follow-ups of some of the cases to validate treatment protocols described in the first edition. Additional cases using new and described above protocols have also been presented, reflecting our ongoing practice.

			

			‘Science has built-in, error-correcting machinery at its very heart.’

			‘When we are self-indulgent and uncritical, when we confuse hopes and facts, we slide into pseudoscience and superstition’ (Carl Sagan, scientist, 1934–1996).

			

			Ashok Sethi

			Thomas Kaus

			London and Kitchener-Waterloo
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			Per Ingvar Brånemark, who has brought method­ology to this field and whose protocols, which may have been seen as dogma, have enabled the profession to predict the outcome of treatment for their patients.

			Willi Schulte, who pioneered the concept of immediate replacement of a failing tooth, introducing the concept of functionally sustaining form. His innovation has led to the recent and rapid development of immediate implants.

			Philippe Daniel Ledermann, who recognised the possibility of immediately loading an implant by ensuring stability with the aid of splinting. His innovation has led to the introduction of single-staged implant treatment.

			Hilt Tatum Jr, who has contributed greatly to the art of implant dentistry by devising innovative surgical techniques that have made the treatment of so many patients possible and who has given freely and generously of his time and experience.

			We are grateful for the contributions made by Peter Sochor, master technician. All the technical work shown in this book (unless otherwise indicated) has been carried out by Peter. He has been responsible for devising many techniques and protocols that have contributed to the art and science of implant dentistry. His innovative mind, his persistence at solving problems and his broad knowledge of the range of techniques available in dental technology has enabled us to provide our patients with the treatment to improve the quality of their lives.

			John Cawood has contributed greatly to the treatment of many patients in addition to those described in this book. We are grateful to him for the considerable support he has offered and for the rationale he has brought to the treatment of our patients. His skills as a surgeon are second to none and are enhanced by his understanding of prosthodontics, the facial form and the needs and expectations of the patients.

			We are also grateful to Michael Boscoe, consultant anaesthetist, for the support he has provided in evaluating patients who have required anaesthesia or assessment prior to treatment.

			We thank Harbhajan Plaha, consultant orthopaed­ic surgeon, who has generously given of his time to enable us to carry out treatment that has required bone from extraoral sources with the greatest skill and expertise.

			All clinical work depends on the support of a highly qualified team. We would like to acknowledge the support of those who made the treatment of the patients possible. The administrative, preoperative and post­operative care and management of the patient was provided by Subir Banerji, Christine Sethi, Siby Boyd, Sarah Jelly, Juliet Teale, Kirstie Swift, Karen O’Shaughnessy, Jo Taylor, Kiersten Piercy and Gill Carlaw, all of whom are based in London, and by Gabi Aßmuß, Jochen ­Diehl, Jürgen Braunwarth and Eberhard Kober, who are based in Germany, as well as Leslie Waddell, Sue Sims, Terry Steffler, Barbara Bast, Claire Mc Kinley, Julie Kesselring, Jane Ritz and Andrea Stokes who are based in Kitchener-Waterloo.

		

	
		
			section I

			Introduction and Assessment

			‘Health is a state of complete physical, mental and social well-being and not merely the absence of disease or infirmity’

			(Preamble to the Constitution of the World Health Organization, 1948)

			‘I will follow that system of regimen which, according to my ability and judgement, 
I consider for the benefit of my patients, and abstain from whatever is deleterious and mischievous… While I continue to keep this oath unviolated, may it be granted to me to enjoy life and the practice of the art, 
respected by all men, in all times‘

			(Extract from the Hippocratic Oath, Hippocrates, 460–377 BC)

			‚To acquire knowledge, one must study; 
but to acquire wisdom, one must observe‘ 

			(Marilyn vos Savant)

		

	
		
			Chapter 1

			Introduction

			The primary focus of attention in implant dentistry has shifted from the achievement of osseointegration, since this can be achieved so predictably,1–11 and has now become centred on the creation of aesthetic implant-supported restorations that mimic the tooth being replaced. A host of supplementary treatment options has been devised in an aim to achieve this goal. Many of these techniques are supported by research that documents a high degree of predictability. Others, however, are mainly based on case studies without any long-term clinical follow-up.

			Clinicians, therefore, need to be able to discrimin­ate between those techniques that will be of benefit to patients with a minimal risk of failure. Furthermore, the clinician needs to function within a framework that offers him or her clear-cut options which can be followed when presented with a problem that needs to be solved. The assessment of the patient is, therefore, critical and should accurately define the problem, which will, in turn, make the ideal treatment self-evident.

			The ultimate goal of the treatment is to produce teeth that are aesthetically and functionally acceptable. It is, therefore, appropriate to start any treatment planning by first determining the desired tooth position. This must logically be followed by the assessment of the hard and soft tissues that are present to support the implant-borne restoration. Finally, the predetermined tooth position must be related to the supporting tissues to assess whether any augmentation or manipulation of those tissues is necessary. The treatment format that has been developed has well-defined stages, which enable information to be transferred from one stage to the next.

			
					
•	Tooth size, form and position can be decided upon by means of a diagnostic preview, which may be functionally assessed by the patient by construction of a provisional restoration.

					
•	The hard and soft tissues can be assessed in terms of both quantity and quality by using the appropriate range of diagnostic imaging techniques available and establishing whether there is a need to augment or manipulate the supporting tissues. The tooth position, as determined by the diagnostic preview, will play an important part in deciding whether augmentation is necessary.

					
•	The implant must be placed in the correct anatomical position within the available bone without violating surgical or biological principles. The position of the implant and the abutment should be determined with the aid of a template based on the diagnostic preview.

					
•	The next stage is to decide whether loading should be immediate or delayed.

					
•	Completion of the restorative phase is achieved by reproducing the tooth size, form and position that was determined at the beginning of the treatment and which had subsequently been confirmed and approved.

			

			

			Understanding and working within these principles will establish a framework within which treatment can be completed predictably with a successful outcome.

			In light of the developing digital computer-aided design and computer-aided manufacturing (CAD/CAM) technologies, the goal will evolve towards constructing the definitive prosthesis prior to surgery. This will require the use of increasingly accurate diagnostic imaging for interactive planning. The execution of the treatment using digitally generated surgical guides for osteotomy preparation and implant seating will, therefore, require accurate cross referencing between clinical imaging and laboratory phases. The taking of impressions to generate casts will in time be replaced by digital scanning and computer-generated models.

			The principles outlined above will form the basis of this natural evolution for the benefit of the patient.

		

	
		
			Chapter 2

			Patient Selection and Treatment Philosophy

			The range of treatment that is available in the field of implant dentistry is vast, varying from the simple immediate replacement of a tooth carried out over a short span of time to extensive hard and soft tissue reconstruction coupled with fixed implant-supported restorations. The selection of patients must, therefore, take into account several factors when assessing the benefit that the patient will derive from the treatment against the extent and invasiveness of the treatment proposed for that patient.

			The factors that need to be taken into consideration are numerous, and none should be overlooked when deciding on the course of action. Clearly, any treatment that is carried out should not compromise the medical condition of the patient. The age of the patient is relevant because the healing process takes longer with advancing biological age. Chronological age must, therefore, be considered in light of the patient’s physical and mental well-being.

			Benefit in terms of lifespan is a difficult judgement to make, as the improvement in the quality of life has to be evaluated in view of the discomfort and indignity that a patient may suffer if deprived of treatment. This is particularly true for patients who have undergone ablative surgery for the treatment of neoplasms.12–16

			Financial Considerations

			Funding of the treatment must also be taken into account. Direct funding by the patient makes the assessment of benefit versus cost easier for the clinician as the patient is involved directly in the decision-making process. Third party funding, either by the state or by insurance companies, brings additional factors into this equation, particularly when considering the long-term outcome. These may not necessarily be in the best interests of the patient. The clinician must, therefore, understand the benefits of implant therapy with respect to future investments that would otherwise have to be made for alternative reparative or prosthetic treatment.

			Patient Expectations

			Patient expectations must be very clearly defined early on during the selection and assessment process. It is well known that the loss of a tooth has a psychological effect on the patient.17–19 However, this must not be mistaken for a patient holding tooth loss responsible for any unrelated psychological problems. Patient expectations with respect to aesthetic outcome must be addressed early during the treatment through the use of diagnostic previews or provisional restorations to define in practical terms what can be achieved.

			Record Keeping

			Detailed records of all clinical procedures form a part of good clinical practice. This should include description of the procedure carried out, which is enhanced by the use of digital imaging and photography. Detailed records of all biomaterials should be kept in the patient’s notes and in a central database to facilitate retrieval.

			Established protocols should be followed in recording manufacturers, batch numbers and so on. In particular, the dimensions of the component parts must be recorded to facilitate management of any future maintenance.

			Accurate and detailed record keeping becomes even more important in this field, where the need for sharing information is increasing. The longevity of the treatment and the demographic changes that naturally take place require the information to be shared with other clinicians for ongoing management and maintenance.

			Records of any discussions that have taken place form the basis of the ongoing decision-making and consent process.

			Tele-medicine

			The extensive use of digital records and the availability of a global computer network with high bandwidth enables clinical data to be shared and greatly facilitates additional opinions as well as a multidisciplinary approach. Remote consultation, therefore, is an integral part of the practice of medicine today and in the future.

			Informed Consent

			The patient must be given a realistic account of what the treatment involves in terms of success rate, complications, specific risks, costs and commitment to maintenance, as well as the alternatives and the consequences of not undergoing treatment. It is essential that the patient understands the proposal for treatment and formally consents to it.

			Benefit Assessment

			The benefit to the patient must be measured not only in terms of the improved ability to masticate, with its attendant benefits of adequate nutrition, but also in terms of the improvement to his or her quality of life.­20–24 The ability of a patient to communicate adequately, with stable, aesthetically acceptable dentition, is of immeasurable benefit, as it impacts on personal relationships as well as on his or her performance at work. The benefits to society from the contribution of such individuals, who are not simply free from disease but are in a state of well-being, must not be overlooked.

			

		

	
		
			Chapter 3

			Patient Assessment

			Patients undergoing implant dentistry should be sufficiently healthy to be able to withstand oral surgical procedures. The healing potential of patients should be such that adequate soft and hard tissue healing may progress to enable osseointegration to take place. Furthermore, systemic factors should allow the continuing health of the implant. Bone metabolism should be such that a positive response to functional loading takes place by an increase in bone density around the implant. The soft tissue response should be judged to be such that adequate permucosal health can be maintained. Adequate preoperative assessment must be carried out for all patients. The outcome of such an examination should give the clinician an indication of the possible clinical response to the treatments available. The assessment of biotypes in conjunction with all the above factors will also be an indicator to the outcome. The following requirements should be considered before prescribing implants.

			General Health

			Dental implant therapy constitutes elective treatment, and consequently the patient must not be put at risk. Assessment of general health must be carried out carefully.25–27 A detailed medical history questionnaire should be filled out by patients, followed by verbal personal verification.

			The American Society of Anaesthesiologists (ASA) classifies patients in terms of the risk imposed by their medical condition (Table 3-1). It may be interpreted as follows, and these guidelines are recommended:

			
					
•	ASA 1: no systemic disease – patients may be treated taking appropriate care that is consistent with the surgical procedure

					
•	ASA 2: mild systemic disease – patients may be treated in consultation with the patient’s general or specialist medical practitioner

					
•	ASA 3–4: Moderate or severe systemic disease – elective treatment is generally not recommended for patients assessed as posing a moderate or severe anaesthetic risk.

			

			
				Table 3-1  American Society of Anaesthesiologists: classification

				
					
						
						
					
					
						
								
								ASA 1

							
								
								Healthy with no systemic disease

							
						

						
								
								ASA 2

							
								
								Mild systemic disease responding to treatment

							
						

						
								
								ASA 3

							
								
								Moderate systemic disease partially corrected by treatment

							
						

						
								
								ASA 4

							
								
								Severe systemic disorder threatening the survival of the patient

							
						

						
								
								ASA 5

							
								
								Moribund

							
						

					
				

				

			

			

			Where appropriate, further medical examinations should be carried out. These may be undertaken either by the dental surgeon or by through referral to a physician.

			Intraoral/Extraoral Examination

			A standard format should be followed during the clinical examination of patients to ensure that no aspect is overlooked.

			Skeletal Pattern

			The skeletal pattern should be observed and recorded according to Angle’s classification. A normal intermaxillary relationship is categorised as Class I, a prominent maxilla as Class II and a prominent mandible as Class III.

			Facial Profile

			For edentulous patients and those who have multiple missing teeth the facial profile should be observed with and without the prostheses in place. This provides an indication of the amount of atrophy that has taken place. The naso-labial angle, the fullness of the lips and the prominence of the mandible are indications of the loss of support for the circumoral musculocutaneous and mucosal tissues (Fig 3-1).28 Facial symmetries and proportions must also be observed, using specific landmarks (e.g. the pupils) as reference points (Fig 3-2). Where appropriate, this can be recorded graphically on the consultation form (Fig 3-3).
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					Fig 3-1  Lateral view of a patient who has undergone severe maxillary atrophy following tooth loss with total loss of support for the upper lip.
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					Fig 3-2  Frontal view of the lower part of the face showing an asymmetry of the lips and the mandible. The angle of the mandible can be seen to have an asymmetry, with the right angle being more prominent and more superiorly placed.
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					Fig 3-3  The lateral facial profile may be used to sketch indicators of atrophy, such as an increased naso-labial angle, indicating a loss of maxillary ridge, or the protrusion of the chin, indicating a loss of vertical dimension. It may also be used to record disproportions of the face. The anterior view may be used to record facial asymmetries or discrepancies in the proportions of the midface.

				

			

			

			

			

			The Masticatory Muscles

			Palpation to evaluate the size and activity of the masticatory muscles (masseter, lateral and medial pterygoids and temporalis) is carried out to provide an indication of the forces of mastication as well as the presence of parafunctional activity, such as clenching, grinding and posturing.29,30 The masseter and the temporalis muscles are observed visually and palpated for size and activity. The lateral and medial pterygoid muscles and other muscles are palpated for tenderness to observe the presence of parafunctional activity (Table 3-2).

			
				Table 3-2  Muscle tenderness

				
					
						
						
						
					
					
						
								
								Right

							
								
								Muscle

							
								
								Left

							
						

						
								
								

							
								
								Medial pterygoid

							
								
								

							
						

						
								
								

							
								
								Lateral pterygoid

							
								
								

							
						

						
								
								

							
								
								Temporalis

							
								
								

							
						

						
								
								

							
								
								Sternomastoid

							
								
								

							
						

					
				

				

			

			

			Temporomandibular Joints and Occlusion

			The temporomandibular joints are examined externally by palpation for pain, clicks or crepitus during opening and closing movements. Palpation is completed by placing the index fingers into the external auditory canal to evaluate the movement of the condyle in the glenoid fossa during opening and closing of the jaws (Table 3-3).

			

			

			
				Table 3-3  Temporomandibular joint: symptom

				
					
						
						
						
					
					
						
								
								Right

							
								
								Symptom

							
								
								Left

							
						

						
								
								

							
								
								Pain

							
								
								

							
						

						
								
								

							
								
								Clicking (opening/closing)

							
								
								

							
						

						
								
								

							
								
								Crepitus (opening/closing)

							
								
								

							
						

					
				

				

			

			

			

			Deviations of the mandible in the sagittal plane should be noted. Premature contacts during closure should also be noted (Table 3-4).

			The area of maximum opening between the incisors is recorded to give an indication of the amount of access for surgery. The occlusal scheme should be recorded whenever possible according to the following categories:

			
					
•	canine/anterior guidance

					
•	group function

					
•	anterior open bite/posterior guidance

					
•	non-working side contacts and interferences.

				
			

			
				Table 3-4  Mandibular deviation

				
					
						
						
					
					
						
								
								Right

							
								
								Left

							
						

						
								
								 

							
								
								 

							
						

					
				

				

			

			

			Teeth

			A complete chart of the teeth should be drawn up and should include:

			
					
•	missing teeth

					
•	incidence of caries

					
•	the structural status of the teeth, including the endodontic status, the presence and size of restorations and the presence of posts.

			

			

			These assessments can be corroborated by information from radiographs taken during the primary clinical examination appointment and should be updated during the treatment period.

			Tooth Wear

			The four components of tooth wear (attrition, abrasion, abfraction and erosion) are used to provide an indication of the degree of parafunction as well as the typical occlusal loads that the patient would have exerted.31–33

			Periodontal Tissues

			Probing depths should be recorded in all cases. Two-point charting (mesial and distal) of all the teeth should be carried out. For patients who show evidence of periodontal disease (probing depths greater than 6 mm with bleeding) the use of six-point charting is recommended. Points at which bleeding occurs should be recorded as possible indicators of active periodontal disease.

			All patients who are compromised periodontally should be assessed and should receive periodontal therapy before implant treatment is started. They should be reassessed throughout the course of the treatment and post-operatively.

			Soft Tissues

			The presence of attached keratinised gingival tissue should be noted, particularly in areas of muscle attachments. Frenum attachments are of concern, as are mobile non-attached mucosa (Fig 3-4). Examination of the soft tissues for any pathological lesions should always be carried out. Lymph nodes should also be examined by palpation.
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					Fig 3-4  The amount of attached keratinised tissue may be measured and recorded in millimetres in the region of concern. The presence and position of frenae may also be recorded.

				

			

			

			

			Residual Ridges

			The residual ridges are examined for height and width, and a preliminary impression is gained of their position relative to the planned prosthetic tooth. Observations of the current prostheses, adjacent teeth and measurements of the interarch distance are valuable in determining this.

			Assessing the teeth for prediction of resorption may be carried out by observing the thickness and contour of the alveolar bone around the roots of the teeth. Greater resorption of the labial plate has been observed in patients where the vestibular contours of the roots are palpable due to the very thin alveolar bone around the labial aspects of these roots and deep depressions between roots. Furthermore, whenever more than one or multiple adjacent teeth are removed, greater loss of height and width of bone takes place, and there is also a loss of attached keratinised tissue.

			Assessing Hard and Soft Tissue Biotype

			Clinical assessment of the hard and soft tissue biotype is carried out during the consultation and further supplemented at a later stage should three-dimensional (3D) imaging be available. Assessment is carried out visually and by palpation of the labial aspect of the alveolar ridge. The data are recorded in the table as well as photographically. Table 3-5 helps to evaluate the treatment outcome based on hard and soft tissue biotype.

			
				Table 3-5  Assessment of hard and soft tissue biotype
(a) Soft tissue biotype

				
					
						
						
						
						
					
					
						
								
								Thickness

							
								
								Thin

							
								
								Medium

							
								
								Thick

							
						

						
								
								Form

							
								
								Scalloped

							
								
								Normal

							
								
								Flat

							
						

					
				

				

				

				(b) Bone biotype

				
					
						
						
						
					
					
						
								
								Clinical assessment

							
								
								Prominent roots

							
								
								Thick ridge, non-palpable roots

							
						

						
								
								3D imaging

							
								
								Thin labial bone, interdental depression

							
								
								Thick flat labial bone

							
						

						
								
								Likely treatment outcome

							
								
								Recession

							
								
								Stability

							
						

					
				

				

			

			

			Lip Line

			The lip line, which is examined with the patient smiling naturally and during speech, is recorded graphically. The length and width of the teeth should be measured, and the presence of diastemas should be recorded along with the width of space available for any tooth that needs to be replaced. The type of gingival contour should be assessed as being either flat or scalloped because of the difficulty in reproducibility of contours of fine scalloped tissues. Exposure of the gingival tissues during smiling is, therefore, considered of importance, as the gingival contours have to be harmonious (Fig 3-5).
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					Fig 3-5  A sketch depicting the lip line and other relevant details, such as the length and width of teeth, diastemas, gingival form, etc., provides good visual summary and record of observations.

				

			

			

		

	
		
			Chapter 4

			Medical Evaluation and Patient Management

			Introduction

			It is not the remit of this book to cover the vast field of medical assessment but merely to provide a phil­osophy for the safe management of patients before, during and after treatment. The clinician should be sufficiently trained in the assessment of patients and must refer to texts and training programmes designed to impart such information. There is a paucity of established data on the impact of medical condition on the well-being of implants. Clinical judgement and experience are valuable, and consultation with specialist physicians and surgeons is strongly advised during the assessment. There are numerous publications that arbitrarily list absolute and relative contraindications. These must be viewed in light of risks and bene­fits as well as the facilities that are available to safely manage the patient.

			The life expectancy of patients has greatly increased and many patients attending treatment have disorders that are being medically treated. The disorder being treated might well have comorbidities, and the drugs that are used to contain the disorder will invariably have an impact on the patient’s physiology. Consequently, a thorough working knowledge of med­ical conditions and currently used drugs is necessary. Numerous conditions require surgical intervention, which may require precautions and are indicative of an underlying susceptibility.

			Medical Evaluation

			Implant dentistry is an elective procedure that is carried out to enhance the patient’s well-being. It is not a life-saving procedure, and the patient should, therefore, not be put at unnecessary risk. A medical history form should be completed by the patient and discussed in detail with the clinician to ensure that all aspects of the patient’s health have been covered. This provides an opportunity to address conditions not covered directly within the medical history form. The format of the medical history form should be such that it is easy for the patient to complete and for the clinician to assess. A broad range of medical history forms is available. The main topics that should be addressed are:

			
					
•	medical care, present or past (including current medication)

					
•	current or past illnesses (e.g. cardiovascular, respiratory, neurological, gastrointestinal, endocrine, renal, hepatic or haematopoietic problems)

					
•	psychological profile

					
•	infectious diseases

					
•	allergies

					
•	social profile (for example, smoking, drinking).

			

			Aim

			Assessment of the medical condition of the patient should consider the factors affecting the short-, medium- and long-term well-being of the patient. The treatment process and outcome should be considered along these timescales, which are arbitrary and overlapping. A process of risk assessment and risk containment should be taken with the seriousness it deserves.

			Short-term Issues

			This period refers to the perioperative time and the key concern is that the patient should first survive and, second, not suffer any complications that require emergency resuscitation or remedial action.

			A number of conditions that are potentially harmful need to be identified. Typically these would affect those systems fundamental to life support. Therefore, assessment of medical conditions that would typically result in life-threatening incidents should be considered, for example:

			
					
•	cardiovascular system – acute myocardial infarction or a stroke

					
•	respiratory system – respiratory distress as may be caused by asthma, emphysema, or obstruction

					
•	endocrine system – diabetic crisis (normally caused by hypoglycaemia)

					
•	haematopoietic system – bleeding disorders (factor VIII, haemophilia)

					
•	nervous system – epilepsy.

			

			Medium-term Issues

			The medium term refers to the immediate post-operative period including the primary healing phase and leading up to the period when the implants are brought into function. Obvious overlaps with short-term issues exist with respect to bleeding disorders, which may be drug induced. Other examples of potential problems in this period are:

			
					
•	post-operative haemorrhage

					
•	ischaemia of the healing tissues, which may be iatrogenic or patient induced (e.g. smoking or excessive alcohol intake)

					
•	infection due to susceptibility initiated by any number of factors that result in a deficiency of the immune system, such as immunosuppressant drugs or Acquired Immune Deficiency Syndrome (AIDS) caused by HIV infection

					
•	unstable diabetes, resulting in infection or flap breakdown

					
•	health consequences of treatment such as infection of valvular prosthesis leading to long-term comprom­ise of the patient’s health.

			

			Long-term Issues

			Long term arbitrarily covers the period following the completion of initial healing and the maintenance phase. Recognition of diseases that leave the patient compromised with respect to disease susceptibility or metabolic imbalances requires judgement in the absence of established clinical data, for example:

			
					
•	smoking

					
•	osteonecrosis – induced by drugs (e.g. bisphosphonates) or radiation therapy

					
•	neurological, social or psychiatric disorders that compromise patient compliance

					
•	endocrine metabolic disorders such as unstable diabetes or thyroid disorders.

			

			Further Investigations

			In cases where more complicated procedures are necessary, particularly those requiring a general anaesthetic or if the patient is uncertain about any aspects of his or her general health, additional investigations may be carried out. These should include blood tests to provide information about the blood cells and the biochemical components. Any irregularity that warrants further investigation should be followed up by a specialist physician.

			Specialist Referral

			Referral to a specialist physician should be considered for all patients whose mental or physical well-being is in question. This would include those

			
					
•	who are already under the care of a health professional

					
•	who have irregularities in their medical history

					
•	who show abnormal results in medical investigations.

			

			

			Letters to the specialist should describe the procedure that is to be carried out. Details should be given of the length of the planned procedure, the drugs that need to be used and the type of anaesthetic (local, general or sedation) required. The physician should also be informed of any post-operative medication that is likely to be prescribed so that the specialist is able to advise on the suitability of the procedure and whether any variation in the drug regimen is advised.

			Patient Management

			In modern surgery, the conditions under which any procedure is carried out must be without pain and anxiety and with the reduction of risks to a minimum. Typically treatment may be carried out under

			
					
•	local anaesthesia

					
•	sedation and local anaesthesia

					
•	general anaesthesia.

			

			Local Anaesthesia

			Local anaesthesia is suitable for minor procedures of short duration. However, with good patient management, longer procedures can be carried out with local anaesthesia without adjunctive management of anxiety. Longer procedures require larger amounts of local anaesthetic agent and the patient’s ability to metabolise the anaesthetic agent must be assessed to prevent systemic compromise.

			Conscious Sedation and Local Anaesthesia

			Inhalation sedation or oral sedation may be used employing established protocols and guidelines.

			Intravenous sedation offers distinct advantages. When used responsibly as an incremental drug it offers control over the level of sedation. The use of an indwelling canula is, therefore, necessary. Current guidelines require blood pressure, pulse and oxygen saturation to be monitored. All vital signs need to be recorded along with the dosages, timing and batch numbers of all drugs used. A nasal oxygen canula is also recommended.

			Where there is a single operator/sedationist, a single sedative drug is recommended. The most commonly used single drug is midazolam.

			There are other distinct advantages of having an intravenous line. Additional drugs may be administered, including:

			
					
•	antibiotics – administration of an antibiotic 30 min prior to surgery ensures the drug will reach soft and hard tissues

					
•	steroids – for reduction of post-operative discomfort and oedema34,35


					
•	non-steroidal anti-inflammatory drugs or analgesics

					
•	atropin – reduction in salivary flow and secretions

					
•	anti-fibrinolytic agents such as tranexamic acid

					
•	sedative antagonist such as flumazenil

					
•	antiemetics such as metoclopramide or ondansetron.

			

			

			Intravenous access is also useful for any other remed­ial or emergency drug that may need to be administered.

			Most patients have a higher level of anxiety prior to surgery, often resulting in an increased blood pressure (‘white-coat effect’). The use of a sedative agent re­duces blood pressure and associated bleeding. Add­itional benefits are a reduced likelihood of any hypertension-related incidents. Most importantly the amnesia caused by the sedative drug results in a less unpleasant experience.

			Longer procedures can, therefore, be carried out always bearing in mind that the threshold of the local anaesthetic required is not exceeded.

			Adequate training of the operator as well as the assistant is essential. The procedure must be supported by adequate monitoring of the patient, with appropriate emergency drugs and equipment available, as well as recovery facilities. A non-anxious healthy patient (ASA 1 or 2) may well be managed by a trained operator–sedationist.

			Anxious and phobic patients are more safely treated by a dedicated sedationist, who is able to use supplementary drugs to provide deeper conscious sed­ation. The sedationist is also able to monitor the level of consciousness of the patient more closely. A number of short-acting drugs may be used. The most common is propofol, a strong hypnotic drug that does not have analgesic effects and, therefore, is often used with ­fentanyl, an opioid and a very powerful analgesic.

			Patients who have medical problems that are controlled but who need more close systemic monitoring should also be treated by a dedicated sedationist.

			General Anaesthesia

			General anaesthesia is indicated in a variety of circumstances, which may relate to the management of the patient, the length and invasiveness of the procedure or the medical condition.

			Patients who require extensive surgery such as iliac crest grafts, inferior alveolar nerve repositioning or even simultaneous treatment of both jaws are most comfortably treated under general anaesthesia. Anxious and phobic patients can be treated without any concerns regarding cooperation.

			Current practice requires intubation to protect the airway. The hospital environment with extensive recovery, resuscitation and intensive care facilities is often chosen for the management of patients with more extensive systemic disease (ASA 3).

			The anaesthetist must assess the patient preoperatively, prescribing any special investigations that may be necessary. Communication with specialist physicians and surgeons may be used to influence the management of the patient. General anaesthesia is a well-established and safe method of treatment.

		

	
		
			Chapter 5

			Additional Diagnostic Procedures

			Diagnostic Imaging

			Radiographic examination appropriate to the proposed treatment should be carried out in order to establish the presence or absence of pathology, the assessment of the hard tissues and as an aid to planning treatment.36,37

			Implant dentistry requires specific information from diagnostic imaging additional to that required for other branches of dentistry involving advanced restorative treatment. These are listed below.

			
					
•	Bone volume.

					
•	Bone height. This is usually measured from the crest of a ridge to the opposing border of the jaw or relevant anatomical structure. It includes alveolar and basal bone. Selection of the implant length is based on this.

					
•	Bone width. This refers to the bucco-lingual width. Selection of the diameter of implant is based on this.

					
•	Length of the edentulous ridge. This refers to the distance between two adjacent teeth and of their roots in a bound gap or the length along the crest of an edentulous ridge. This determines the number of implants and the distance between the implants and adjacent teeth.

					
•	Bone quality. This refers to the density and thickness of the cortical portion as well as the trabecular density in the cancellous portion. This will influence the success of treatment or the method by which osteotomy preparation may be carried out. It may be used for the assessment of bone for immediate loading.

					
•	Ridge orientation. This is the inclination of the edentulous ridge to the adjacent teeth and the proposed restoration. It will influence the angulation at which the implant is placed.

					
•	Spatial relationship of bone to the proposed restoration. This provides information relating tooth position to the bony ridge in horizontal (bucco-­lingual and mesiodistal) and vertical (corono-­apical) dimensions. It, therefore, relates the proposed tooth position to the proposed implant position.

					
•	Relationship to anatomical structures. Implant dentistry requires the precise identification and location of anatomical structures in order to prevent damage during hard and soft tissue surgery.

			

			

			The diagnostic imaging techniques currently available are outlined with some of the benefits specific to implant dentistry.

			Dental Panoramic Tomography (Orthopantomography)

			A good diagnostic dental panoramic tomograph (DPT), otherwise known as orthopantomograph, provides the clinician with a good overview of the mouth.

			The presence of teeth, any pathology and related anatomical structures, as well as bone heights, all on one image makes it an invaluable treatment planning aid. Judicious measurement of the magnification of each section will provide the clinician with a reasonably accurate assessment of bone height available for implant placement. It is indicated for patients requiring implant treatment as a screening and planning aid.

			Periapical Radiography

			Periapical radiographs provide details of the region being investigated. The structure, periodontal and endodontic status of the teeth can be established. The level of bone in the edentulous ridge and its level of attachment to the adjacent teeth can be measured accurately, and residual roots and pathology within the ridge can be seen in detail.

			Lateral Cephalography

			Lateral cephalography provides excellent information regarding the facial profile (using soft tissue filters; Figs 5-1 and 5-2), the relation of the jaws and some indication about the width of bone in the midline (Fig 5-3).
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					Fig 5-1  Lateral cephalograph using soft tissue filter prior to treatment. The soft tissue contours can be seen with the patient’s mandible in an overclosed position due to an absence of the maxillary denture.
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					Fig 5-2  Lateral cephalograph after augmentation. Same patient as Fig 5-1. The onlay graft can be seen with its effect on lip support.
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					Fig 5-3  The lateral cephalograph may be used to provide an indication of bone availability in the midline, both in the maxilla and the mandible. It will also provide information about the intermaxillary relationship.

				

			

			

			

			

			

			

			

			

			

			

			

			

			

			

			Conventional Tomography

			Conventional tomography provide cross-sectional information about the area being investigated. However, it should be used with caution, as the magnification and mesiodistal positioning may lack accuracy,38 and multiple exposures increase the radiation dose significantly. They do not have a place anymore in imaging in implant dentistry.

			Computed Tomography

			Computed tomography (CT) scans provides the implant clinician with a substantial amount of valuable information (Figs 5-4–5-8). The CT scan (and cone beam CT) is the only investigation that ideally provides the information that the implant surgeon requires for the planning of treatment. This includes bone volume and density, ridge orientation and spatial relationship to the proposed prosthesis, opposing jaw and anatomical structures. It is, therefore, the ideal investigation from the point of view of data provision. Accurate measurements can be made, which is particularly important when working within the posterior mandible.
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					Fig 5-4  CT Scan in scout view (lateral view of the skull). This is used to determine the area to be scanned (between red lines).
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					Fig 5-5  CT scan in axial section through the maxilla passing through the canine teeth and depicting the maxillary sinuses. The mandibular rami and the pterygoid plates as well as the surrounding soft tissues are visible. The greater density of the muscles is discernible. The yellow line indicates the position of the panoramic section (Fig 5-7) and the blue lines the position of the cross-sectional reformations of the alveolar ridge (Fig 5-6).
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					Fig 5-6  Cross-section of the maxilla in the midline showing the ridge width, density and inclination. The naso-palatine foramen and canal can be seen. The buccal aspect is on the left of each section and the palatal on the right. The radiopacity at the bottom of each image is due to the metal framework of the provisional fixed partial denture.
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					Fig 5-7  A panoramic section through the maxilla depicting the structures within that section: one root can be seen, on the left-hand side, the nasal cavities, and both maxillary sinuses with a small septum in the left sinus. A bony deficiency in the region of the left lateral incisor can also be noted.
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					Fig 5-8  A 3D view of the bony structures of the maxilla observed obliquely from the left inferior aspect. The zygomatic process, anterior nasal spine, the roots on the left-hand side as well as the deficiency in the left lateral incisor region are all visible. The thin wall of the maxillary sinus appears to be incomplete and the algorithm used for the 3D reconstruction causes this phenomenon.

				

			

			

			

			

			

			

			

			

			

			

			

			Considerable advances have taken place in the development of scanners as well as software. Multislice and spiral CT scanners and their advancement in detector and data acquisition technology have greatly improved accuracy and reduced radiation dosage as well as scanning time.

			CT scans can provide information regarding the density of the cortical and cancellous components of the ridge (Fig 5-9). The bone density is measured using the Hounsfield unit (HU), which is an X-ray attenuation (density) measurement used to describe voxel (volume element in a 3D image) values in CT scanning.
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					Fig 5-9  Cross-sectional image of maxillary ridge with implant placed between the cortical plates (red). The abutment has been attached and is angled to connect the implant to the projected tooth position as depicted by the provisional restoration. The overall density of the bone surrounding the implant is on the right-hand side outlined by the bar chart showing the variation of density in Hounsfield units along the implant length. The mean bone density can be seen to be 457 HU. (Simplant, Materialise, Leuven, Belgium.)

				

			

			

			Voxels are normally represented as 12-bit binary numbers and, therefore, have 4096 possible values. These values are arranged on a scale from minus (-) 1.024 HU to plus (+) 3.071 HU and calibrated so that -1.024 HU is the attenuation produced by air and 0 HU is the attenuation produced by water.

			Cancellous bone is normally between 200 and 700 HU, depending on the trabecular density, but can be lower depending on the quality of the bone and the quantity of fat.39 Fatty soft tissues range from approximately -100 to -20 HU, and water-based soft tissue, such as muscle, ranges from +20 to +80 HU. Cortical bone has a range in the region of 1000 HU, but metals used in the construction of dental prostheses will have a greater density, usually of more than 2000 HU, which may lead to artefacts that make it difficult to interpret the image.

			Cone Beam Computed Tomography

			Cone beam CT differs from conventional CT in the manner in which data is acquired. Instead of multiple slices, the source of radiation is a tube generating a cone beam and the detection is carried out by means of a flat panel detector (FPD) or a charge-coupled device (CCD) performing one part or complete rotation. The net result of this is a lower radiation dose, with resultant reduced artefacts from heavy metal objects. The data can be acquired using a smaller field of view, thus leading to a further reduction in radiation dosage. However, reducing radiation dose affects the quality of the image.40

			Cone beam CT scanners are smaller and less expensive than conventional medical CT scanners and can, therefore, be installed within a dental practice.

			Technology in this field is developing fast; however, presently data about bone density cannot be accurately extracted.41

			Three-dimensional Interactive Software and Rapid Prototyping

			Data from both conventional multislice and cone beam CT scanners is stored by using digital imaging and communications in medicine (DICOM) as file format and can, therefore, be converted to be used with commercially interactive planning software programs for implant dentistry.

			The ability to interactively plan treatment by means of a computerised graphic simulation facilitates surgical procedures (Fig 5-9). Simulating treatment on the computer can now be transferred into the surgical field by using templates fabricated from these data (Figs 5-10 and 5-11).42,43 Implants can then be accurately positioned using these templates (Figs 5-12 and 5-13). The use of radiopaque markers enables the clinician to relate the diagnostic tooth position to the available bone (Fig 5-14).44
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					Fig 5-10  Three-dimensional view of the mandible from the anterior aspect with four implants placed interactively in the interforaminal region (yellow bars). The red markers represent radiopaque markers placed within the patient’s denture in the region of the lateral incisors and first premolars. This information will be transferred to a surgical guide (Simplant).
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					Fig 5-11  Three-dimensional model of jaw and CT data-based surgical template fabricated by means of stereolithography. The pilot bur is directed by the titanium tubes positioned from the treatment planned on the computer, positioning the implants precisely in the ideal position. (Same patient as in Fig 5-10.)
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					Fig 5-12  Surgical template constructed from the treatment planning data fits precisely onto the bony ridge to enable implants to be placed accurately as planned. (Same patient as in Fig 5-10.)

				

			

			

			

			
				
					 [image: B_ASI_05_0013.tif]
				

				
					Fig 5-13  Implants after placement, using CT data-based surgical template. (Same patient as in Fig 5-10.)

				

			

			

			

			
				
					 [image: B_ASI_05_0014.tif]
				

				
					Fig 5-14  CT scan with radiopaque markers in denture flange indicating tooth position. The two markers denote the lateral incisor position adjacent to a narrow ridge.

				

			

			

			

			

			

			The advent of interactive planning in conjunction with 3D visualisation further refines treatment planning, particularly in being able to relate tooth position to the implant–abutment complex, as well as the available bone, which may need to be augmented. The software is sophisticated enough to be able to distinguish between the bone graft and the original bone as well as any markers of distinct radiopacity (Figs 5-15–5-25).
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					Fig 5-15  Preoperative 3D reconstruction of maxilla. The severe resorption of the anterior maxilla is evident.
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					Fig 5-16 Occlusal view of the 3D reconstruction in Fig 5-15 with the radiopaque markers defining the labial surfaces of the planned teeth. The bucco-lingual discrepancy is evident, clearly demonstrating the labial resorption.
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					Fig 5-17  Resin model constructed from CT scan data using stereolithography, with a silicone template fabricated to provide the information about the size and shape of the bone graft required for reconstruction to enable implants to be inserted according to the planned tooth position.
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					Fig 5-18  Clinical view of the exposed ridge at augmentation surgery which can be related to the preoperative 3D reconstruction (see Fig 5-15).
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					Fig 5-19  Clinical view of silicone template being tried in to plan soft tissue closure.
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					Fig 5-20  Cortico-cancellous block bone graft obtained from the iliac crest fixed with screws reconstructing the ridge in width and height to the prescribed dimensions.
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					Fig 5-21  Interactive planning on the cross-sectional view of the augmented ridge based on a CT scan taken prior to implant placement. The grafted bone is visible and can be differentiated from the original ridge. The fixation screw is partly visible, as is the labial outline of the prosthetic envelope depicted by the radiopaque marker on the template, which was worn by the patient during the scan. The future implant position is planned and selected to engage the grafted bone and maxillary ridge. Its dimension is outlined in red; the angled abutment (37.5 degrees) is selected at the same time to fit within the prosthetic envelope and can be seen in green with the prosthetic space visible in yellow.
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					Fig 5-22  The implants planned in central incisor and canine position are visible in the oblique 3D reconstruction. The alignment of the abutments (green) within the prosthetic envelope (brown) is visible. The augmented bone (purple) has been rendered translucent to enable the future implant position and orientation to be seen in 3D (red).
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					Fig 5-23  Occlusal view of the 3D planning image indicating the parallel abutments (yellow) within the buccal aspect of the prosthetic envelope (brown).
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					Fig 5-24  Occlusal view of the implants (carriers still attached) inserted into positions determined by the template. The alignment of the implants according to the planned positions can be seen.
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					Fig 5-25  Direction indicators used to confirm the abutment angle that has been selected interactively. Additional implants not shown on the above images for the sake of image clarity were also planned and can be seen with their abutments aligned.

				

			

			

			

			

			

			

			

			Software to assess the consequences of treatment and proposed treatment on the soft tissue contours of the face is available and being refined further.

			The evolving process of prefabricating prostheses to be fitted onto implants planned interactively will be addressed in greater detail in the appropriate section (Chapter 7).

			Magnetic Resonance Imaging

			Magnetic resonance imaging (MRI) is useful for depicting the soft tissues but is not commonly used during the planning of implant treatment, because hard tissues are difficult to assess with this technique.45,46 Future refinements and development of software holds promise for this technique.

			

			Ridge Mapping

			Ridge mapping is a means of direct measurement of the ridge width through the soft tissues.47 The procedure is carried out under local anaesthetic using a pair of sharp calibrated calipers (Fig 5-26). Measurements are carried out at several points along the ridge at each proposed implant site. The first measurement is taken approximately 3 mm from the soft tissue crest, which is often at the edge of the bony crest. Several other measurements taken at approximately 3 mm intervals are used to provide cross-sectional information about the ridge at that particular point (Fig 5-27). The technique using calipers merely provides the width of the ridge, and clinical judgement has to be used about its relationship to the tooth position. Alternatively, a sharp probe with a rubber stop can be used for ridge mapping. Measurements are then transferred to a sectioned cast of the ridge, and the bony profile can be outlined indicating its position within the ridge (Figs 5-28–5-32). However, the advent of 3D low-radiation and low-cost imaging techniques, which offer much greater information, has made ridge mapping a less common technique.
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					Fig 5-26  Original ridge-mapping calipers designed by Wilson.
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					Fig 5-27  Ridge-mapping measurements should be taken at several points along the height of the ridge to be able to determine the outline of the bony ridge. This should be recorded for each site that has been selected for implant placement. A typical chart for such records can be seen. Additional measurements at 12 or 15 mm from the ridge crest may sometimes need to be made.
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					Fig 5-28  Ridge mapping with a sharp probe and a rubber stop. The probe is inserted until it contacts bone and the measurement of tissue depth is transferred to the cast.
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					Fig 5-29  A plaster cast is sectioned in the region of interest, where the measurements have been made.
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					Fig 5-30  Transfer of measurement to the cast made at the same distance from the ridge crest.
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					Fig 5-31  Sectioned cast showing bony ridge as identified by ridge mapping. The soft tissues are shaded in red.
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					Fig 5-32   The prepared cast can be used to select the implant of the correct width. Angulation of the implant can also be estimated.

				

			

			

			

			

			

			Study Casts and Diagnostic Preview

			Impressions of the jaws using irreversible hydrocolloids and cast in plaster should be articulated using a semi-adjustable articulator in the intercuspal position. Face-bow records may be used to transfer the relationship between the maxilla and the temporomandibular joints. Recording the relationship of the jaws to one another may be achieved by using occlusal registration pastes or wax for patients in stable occlusions. Wax registration blocks constructed on acrylic resin baseplates should be used for edentulous patients or for those who require changes in the occlusal vertical dimension.

			These articulated study casts provide information about both the static and the dynamic positions of the jaw. This enables a diagnostic preview to be carried out by arranging acrylic resin teeth in wax in the ideal tooth position. Functional viability may be established and aesthetic acceptance of the arrangement confirmed by transferring the preview to the mouth for patient approval. Further confirmation can be achieved by the use of a provisional restoration that transfers the diagnostic preview data into the patient’s mouth.

		

	
		
			Chapter 6

			Anatomical Variations

			Surgical procedures designed to alter the form of the jaws or their function require the existing structures to be quantified in light of aesthetic and functional needs. Sufficient quantity of bone of adequate quality is required to provide appropriate support to withstand functional and parafunctional loads. Additionally, the position of the bone should be such that it allows implants to be placed in positions permitting normal function with the opposing jaw.

			This should enable the prosthesis to be constructed in a manner that ensures that the aesthetic needs are met both in terms of the facial form and the emergence profile; this, in turn, will enhance the ability of the patient to carry out good oral hygiene.

			Atrophy

			Pathology, dysfunction or disuse atrophy may result in deficient ridges. These have been classified by numerous authors based on observation and quantification or treatment possibilities.48–52 The aim of this section is not to elaborate on these but to focus on variations resulting from the different locations within the mouth.

			Bone Quality

			Bone quality has been described by a number of authors. Lekholm et al.51 divided bone density into four classes based on the proportions of cortical and cancellous bone. Misch described the four qualities of bone according to their resistance to drilling.53,54

			The clinical distinction between the two middle grades of bone in both these systems is often difficult to make and is of doubtful significance in clinical practice. A number of authors have addressed this issue and based their conclusions both on clinical and radiological observations.

			Clinical perception of bone density is considered to be most accurately made using hand instruments.55 Clinical classification of the bone density was compared with histomorphometric analysis, and no significant differences could be found between the two middle classifications in the above systems.55 Analysis of bone density using modern imaging techniques (interactive CT) also showed the two middle grades to be difficult to differentiate.39

			Other clinicians have adjusted their clinical approach based on the quality of bone. Nentwig has a specific protocol that relates to the surgical and prosthodontic management of three different bone qualities: hard, medium and soft. His assessment of bone quality is made clinically and ultimately by the type of hand instrument required to complete the osteotomy and bone tapping.9

			The density of bone encountered is used to moderate the manner in which the implants are brought into function, based on the concept of progressive loading as introduced by Misch.53,54

			Anterior Maxilla

			The factors significant to the anterior maxilla are outlined below.

			Bone Quantity

			Following tooth loss, a reduction in ridge width takes place, which will vary from person to person, depending on numerous factors. Typically, the reduction takes place at the expense of the labial bone. A reduction in height is also observed. Within the first year of tooth loss, approximately 3 to 4 mm of height is lost where adjacent teeth are not present to sustain bone height.56 This, of course, has a significant effect on the aesthetic outcome in patients who have a high smile-line. The resorption pattern of the anterior maxilla is depicted in Fig 6-1.
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					Fig 6-1  Cawood and Howell classification for the anterior maxilla.50 Class IV is the form of ridge that is most commonly found. It often has separate cortical plates with intervening cancellous bone (IVa), but on occasion the two cortical plates may be fused (IVb).

				

			

			

			

			Bone Quality

			The alveolar ridge in the anterior maxilla most commonly consists of a thin and malleable cortical plate on the labial aspect and a dense and thicker cortical plate on the palatal aspect. There is often intervening cancellous bone of varying density (Cawood and Howell classification IVa). The quality of bone most prevalent in the anterior maxilla is of medium density, lying between the dense cortical bone of the anterior mandible and the sparsely trabeculated cancellous bone of the posterior maxilla.

			Ridge Orientation

			The maxillary ridge typically flares labially, with its crest describing a larger circumference than its base (Fig 6-2). This is of significance in the placement of implants, which must be positioned at an angle to the longitudinal axis of the proposed restoration in keeping with the sound surgical principles of positioning the implants between the cortical plates. As a result, the coronal portion becomes labially inclined and frequently requires angular correction, with the abutment lingually inclined in relation to the implant (Figs 6-3–6-5).
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					Fig 6-2  Labial view of a dentate skull showing proclination of teeth and flare of maxilla. Note the thin cortical bone overlying the roots of the teeth, which is likely to resorb following tooth loss.
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					Fig 6-3  Cross-sectional diagram of maxillary incisor showing thin cortical labial socket, with the possible resorption pattern outlined.
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					Fig 6-4  Implant placed between cortical plates following ridge remodelling, depicting a difference in the angles between the implant and the long axis of crown.
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					Fig 6-5  CT scan showing angulation between the abutment determined by the future tooth position and the planned implant positioned ideally within the available bone. The labial aspect of the proposed restoration is identified by the radi­opaque marker. The palatal aspect of the prosthetic envelope is identified by the position of the mandibular incisor.

				

			

			

			

			

			

			

			Special Clinical Considerations

			Aesthetics are of utmost importance, particularly in patients with high smile-lines. The emergence profile, gingival margin and interdental papilla become disproportionately important.

			Adequate assessment of the type of gingival–alveolar complex becomes quite important. Patients with thick alveolar ridges, where the roots are not palpable and not prominent, are less difficult to treat. This is because the collapse of the labial plate is less likely following tooth loss. It is often associated with flat, thick gingival margins (Fig 6-6).
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					Fig 6-6  Patient with flat gingival margins and low papillary height.

				

			

			

			

			

			This is in contrast with those patients who have prominent roots that are palpable and protrude from interdental depressions. The cortical plate surrounding the vestibular aspect of the roots is thin or non-existent and resorbs rapidly to the level of the interdental bone once the supporting tooth is lost. These patients are more difficult to treat because some form of re-contouring is often required. Caution should also be exercised if immediate implants are being considered because of the risk of resorption. Scalloping of the gingival margin is associated with this type of patient with prominent roots and is indicative of high interdental levels of bone and recession of the vestibular bone (Fig 6-7; see also Fig 6-2).
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					Fig 6-7  Patient with scalloped gingival margins and significant papillary height.

				

			

			

			Support of the upper lip is also a consideration where multiple tooth replacement is necessary. The position of the naso-palatine canal becomes significant when replacing central incisors. It is in this area that bone expansion is most commonly carried out, to enable implants to be placed in the narrow ridges resulting from labial bone loss and to re-contour the labial plate to re-establish an aesthetic ridge form for the emergence profile. Autogenous onlay bone grafts are commonly used, with aesthetics being the primary indication even in situations where adequate bone is present for functional support. CT scans provide an opportunity to examine the underlying morphology and assist in making clinical decisions regarding possible future remodelling of bone (Figs 6-8–6-13).
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					Fig 6-8  Three-dimensional reconstruction of a CT scan showing minimal scalloping of labial bone. It is possible that less remodelling will be noted in this case.
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					Fig 6-9  Three-dimensional reconstruction of a maxilla showing severe interdental depressions indicating likelihood of possible extensive remodelling.
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					Fig 6-10  Axial view of CT scan depicting very prominent roots in the maxillary canine region (Fig 6-11), healing socket in the right central incisor region (Fig 6-12) and healed sites in the lateral incisor regions (Fig 6-13). The loss of width can be predicted.
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					Fig 6-11  Cross-sectional image through the canine region showing very thin labial bone overlying the prominent root.
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					Fig 6-12  Cross-section through the right central extraction site, which demonstrates the process of resorption taking place with the loss of the labial plate.
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					Fig 6-13  Cross-section through the lateral incisor region depicting extremely narrow residual ridge following resorption after extraction.

				

			

			

			

			

			

			

			

			

			

			

			Posterior Maxilla

			The factors significant to the posterior maxilla (defined as extending distally from the canines) are outlined below.

			Bone Quantity

			Bone loss takes place at the expense of the labial plate and ridge height. However, this is not always significant because aesthetics are not usually critical in this region. The resorption pattern of the posterior maxilla is depicted in Fig 6-14. It is rarely the loss of alveolar bone that causes limitation in the height of the available bone, except in cases where extensive periodontal destruction has taken place. It is the enlargement of the maxillary sinus that is most commonly responsible for inadequate bone being present. The pneumatisation of the sinus varies and most commonly restricts the height in the area of the first molar but can extend from the pterygoid plate in a mesial direction as far as the central incisor, with the floor and lateral wall being reduced to a thin cortical shell.

			
				
					Fig 6-14  Cawood and Howell classification for the posterior maxilla.50 The most significant factor affecting bone availability is the enlargement of the sinus.
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			Bone Quality

			Very thin cortical bone and very sparsely trabeculated cancellous bone are the hallmarks of the posterior maxilla, with bone quality deteriorating towards the distal area from medium density bone in the premolar region (Fig 6-15).
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					Fig 6-15  Bone density in the posterior maxilla can be seen to be very low and just above that of water, which is 0 HU.

				

			

			

			

			Special Clinical Considerations

			Implants are invariably positioned towards the palatal aspect as a result of the centripetal resorption resulting from labial bone loss. This may influence the intermaxillary relationship and speech. Access to the posterior maxilla is easily gained from the bucco-mesial aspect. An implant may need to be positioned at an angle in order to avoid the maxillary sinus. Pterygoid and zygomatic implants have been developed to cope with the presence of the maxillary sinus.

			Increasing the height of the available bone becomes critical in the positioning of implants. Manipulating the floor of the sinus at the time of implant placement enables larger implants to be used, as long as sufficient bone is present for primary stability (more than 7 mm). When there is a reduced amount of bone present, the sinus lift procedure carried out as a one- or two-stage approach has made the treatment of the posterior maxilla feasible, enabling large implants to be placed in a region where bone quality is normally poor and the occlusal loads are high. Severe alveolar destruction is occasionally the indication for an onlay bone graft, but the intermaxillary distance limits the bone height that can be gained by onlay grafts. Furthermore, the use of onlay bone grafts is rare because aesthetics are not critical in this region, and biomechanical criteria can be met by creating bone using the sinus lift procedure, which is very predictable in gaining a substantial volume of bone.

			Anterior Mandible

			The anterior mandible may be defined as the area anterior to the mental foramina. The factors significant to this region are described in the following sections.

			Bone Quantity

			The amount of bone available in the anterior mandible is almost invariably sufficient for implant placement. It should be borne in mind, however, that the pattern of resorption can often lead to the need to reduce the height of alveolar bone in order to utilise the remainder of the basal bone. Following the loss of the teeth, resorption typically takes place at the expense of the labial plate, which is thinner than the lingual plate. This is followed by a progressive loss of height. A typical resorption pattern can be seen in Fig 6-16. As height is lost the mandible increases in diameter (Fig 6-17).
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					Fig 6-16  Cawood and Howell classification for the anterior mandible.50
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					Fig 6-17  Mandible immediately after extraction (right) and after atrophy has taken place (left). The loss of height results in the greater apparent circumference of the mandible caused by the centrifugal movement of the ridge crest.

				

			

			

			

			

			

			Bone Quality

			The anterior mandible consists of two distinct portions, the alveolar ridge and the basal bone. There is intervening cancellous bone of varying density. The labial cortical plate is thinner than the lingual cortical plate and is not generally malleable, thus making it difficult to manipulate. The density and width of the cortical plates varies considerably. On occasion, the cortical bone can thicken to the point where little trabecular bone remains (Fig 6-18).
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					Fig 6-18  CT scan of anterior mandible showing severe atrophy. The high density of the bone is evident. The labial aspect is on the left of the image and the peak seen on the top right-hand side is the genial tubercle, which is now positioned superiorly to the ridge crest.

				

			

			

			

			Inclination of the Alveolar and Basal Bone

			The alveolar process is commonly inclined labially, with the circumference of the crest wider than the base. The basal bone is also inclined labially, with the circumference of the mandible along the lower border generally being broader than the junction of basal and alveolar bones (Fig 6-19). Considerable care needs to be taken while preparing the osteotomy within the alveolar bone because of its inclination. Complete resorption of the alveolar ridge often leaves sufficient width and height of bone to allow for the placement of the implants. The osteotomy preparation in the basal bone requires the burs to be inclined, with the apical portion directed labially towards the tip of the chin.
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					Fig 6-19  Lateral view of mandible showing inclination of alveolar and basal bone and, therefore, the position and inclination of the teeth.

				

			

			

			Special Clinical Considerations

			The placement of implants within the basal bone is often at an angle, with the implant apex pointing in the labial direction. The implant is often at an angle to the longitudinal axes of the proposed restoration; the abutment therefore needs to be inclined labially (Fig 6-20). Whenever an implant is placed in the alveolar process, care needs to be taken in order to ensure that the lingual plate is not perforated.
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					Fig 6-20  CT scan showing optimum implant and abutment angulation. The tooth visible as a radiopaque marker on the left-hand side of the image is positioned for ideal lip support.
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