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INTRODUCTION 

 

The problem of a clear definition of implantology as a separate independent discipline, 

in our opinion, is still far from being solved, and at present it is significantly complicated 

against the background of a radical reform of the education system that has been taking place 

in the country in recent years. 

Dental implantology is a part of higher medical education and clinical practice. Despite 

this, the time for its teaching in the curriculum is limited and remains almost the same as 10 

years ago.  

The introduction of the concept of axially integrated endosseous implants in dentistry 

in the 1980s has led to a paradigm shift that has affected almost every aspect of dental care. 

In the last three decades, various methods of dental implantation have been successfully 

used to eliminate dental defects. Numerous observations of a number of researchers have 

shown that the effectiveness of treatment of patients with prosthetic structures supported by 

implants exceeds 90% (Los V.V., 1985; Tarnow D. et al., 1997; Buser D. et al, 2002; Kosenko 

K.M., 2003; Timofeev O.O., Tamini M., 2003; Vovk Y.V., 2005; Kalenchuk V.V., 2005; 

Nespryadko V.P. et al. 2005; Sennikov O.N. et al. 2005; Zablotskyi Y.V., 2006; Pavlenko A.V., 

Kabanchuk S.V., 2006; Romeo E. et al. 2006). Long-term (from 15-20 to 40 years) functioning 

of implants is also confirmed (Heners M. et al., 1991; Malanchuk V.O. et al., 2006; Branemark 

P.-I., 2006; Jemt T. et al., 2006). 

These indicators are extremely important in a situation when, according to the literature, 

70% of the population of Ukraine has partial and complete tooth loss (Labunets V.A., 1999), 

which requires full prosthetic treatment (Zablotskyi Y.V., 2006). In our opinion, priorities in 

the curriculum of higher education should take into account the need of the population for 

rational prosthetics.  

To optimize education, it is necessary to develop curricula based on the knowledge that 

practicing dentists should have. The main purpose of creating a manual, in accordance with the 

requirements of the qualification characteristics of a dentist is to provide the content of the 

educational process, which would allow to implement the reform of higher medical dental 

education in Ukraine at the modern level with the further introduction of dental implantation 

in practical dentistry. A significant increase in the number of information and educational 

sources makes it possible to make the learning process more interesting and visual, which is an 

important factor for better learning.  



In accordance with these requirements scientific researches at the present stage are 

carried out in the direction of development of new materials for implant fabrication 

(Kutsevlyak V.I., 1998; Kutsevlyak V.I. et al., 1999; Kohal R. et al., 2004), improvement of 

the form and structural elements of implants (Moseiko O.O., 2003), methods of implant 

insertion, development of new and improvement of existing protocols of dental implantation, 

ways to improve bone conditions for implantation and soft tissue plastics (Schetritt A., 2006), 

introduction of computer technologies in diagnostic and treatment processes (Sarment D. et al., 

2003; Dakhno L.O., Mangov A.V., 2006), development of new diagnostic methods. 

When writing this manual on dental prosthetics with implants we used the results of the 

latest scientific and experimental studies. Sections of the textbook correspond to the curriculum 

for "Prosthodontics and Implantology".  

The textbook describes in detail the following sections: the history of the use of 

implants in the world and in Ukraine, the anatomy of the jaws and temporomandibular joint, 

the properties of implant materials, features of the design of dental implants, indications and 

contraindications for dental implantation, modern surgical protocols and methods of 

prosthetics on implants, as well as common complications of implant treatment, their etiology 

and methods of prevention.  

The book is largely focused on the practical aspects of intraosseous implantation. The 

surgical and prosthetic stages of implantation are presented based on the authors' use of the 

Neobiotech osseointegrated implant system manufactured in South Korea. The universal nature 

of this system, the similarity of prosthesis design methods with other modern implants allows 

us to hope that this book will be useful when using any screw implants. 

The publication is recommended for dentists, teachers and students of dental faculties 

of medical institutions.  

   



SECTION 1. HISTORY OF DENTAL IMPLANTATION DEVELOPMENT 

 

Among the areas of modern medicine, dental implantology, which revived in the middle 

of the XX century as a multidisciplinary specialty, is experiencing rapid development due to 

its scientific intensity and integrative potential. Dental treatment with implants is of great 

interest to specialists and attracts an increasing number of patients. The use of dental implants 

today can solve many problems with partial and complete loss of teeth, restore chewing 

function and improve facial aesthetics. 

The terms "implant", "implantation" were proposed by M.M. Znamensky at the end 

of the XIX century and currently imply the use of objects of a certain shape, made of non-

biological material, which are introduced into the body to perform any functions for a long 

time. This applies to dental implants as much as to substitutes for other parts of the human 

body. 

Dental implantology is a new branch of dentistry that deals with the problems of 

restoring various parts of the dentition by introducing alloplastic materials into the tissues. 

Dental implantology as a science was formed at the crossroads of such disciplines as 

prosthetics, surgery, biology, biomechanics and materials science. With the help of various 

implants, it is possible to restore the jaws, temporomandibular joint and correct the contours of 

the face (maxillofacial implantology), or eliminate defects of the dental arches (oral 

implantology). In this regard, a dental implant is a structure made of alloplastic material, which 

is implanted under the oral mucosa, under the periosteum or in the jaw bone as a support for 

dentures. 

The idea of replacing a lost tooth by implanting an implant in the jaw has a long history. 

Such attempts have been repeatedly made in medicine since ancient times. Mentions of this are 

found in the literary sources of ancient China, Egypt, India, Mexico and some other countries. 

Numerous finds during excavations in different countries of the world also testify to such 

attempts. So, in 1931 in the territory of modern Honduras was found a fragment of the lower 

jaw of the Inca, dated to the VI century BC (Fig.1.1). Implants made of sea mussel shells were 

preserved in the holes 42, 41 and 31 of the teeth. In Anatolia, an implant placed in the middle 

of the VI century AD was found. There is also evidence of the use of implants in the I-VI 

centuries AD in Europe (modern France), where the skull of a 30-year-old woman who lived 

in the I century AD with a metal implant in the socket of the upper jaw fang was found. At that 

time, stones, including precious, noble metals, ivory and others were used as implants. 



 

Fig.1.1. Fragment of the lower jaw of the ancient Inca. 

 

But, since a detailed description of such interventions has not been preserved, the first 

reliably attested implantation operation can be considered an attempt made by Maggiolo in 

1809 to implant an artificial root of gold in the jaw, which was then used as a support for the 

pin structure. In 1824, a similar operation was performed by Ringelman to solve the problem 

of prosthetics of the final defect of the dentition. For this purpose, a gold implant was inserted 

into the socket of the newly extracted tooth, which was then used as a support for a bridge 

prosthesis. 

Half a century later, in 1885, Waiser reported on the use of implants made of porcelain 

for fixing prostheses. His example inspired a number of followers and in 1891 Hillisher and in 

1905 School used artificial roots made of porcelain for the same purpose. But the fragility of 

porcelain prevented further development of this idea, so in 1887 Harris proposed a combined 

implant that combined a crown made of porcelain with a root made of platinum. 

In order to find a more affordable material, Gramm used tin implants and Frantzen used 

celluloid implants. Reports on this were made respectively in 1888 and 1889. 

In Russia, experiments with porcelain implants were conducted by M.M. Znamensky, 

who used additional fixation of implants in the postoperative period with the help of silver wire 

ligatures. He can rightly be called a pioneer of implantology in Russia. Holding the position of 

private associate professor of dentistry at Moscow University, resident of the clinic named after 

M.V. Sklifosovsky, he conducted a number of original studies, based on pathological and 

experimental observations and aroused great interest in the domestic and world implantology 

literature. 

The first work of M.M. Znamensky titled "Implantation of artificial teeth" was reported 

at the IV Pirogov Congress of Dentists in 1891 and in the same year was published in the 

journal "Medical Review". In it he wrote: "If a planted human tooth grows in the cell only 



mechanically, then it is a conclusion of itself that instead of a human tooth, any other artificial 

tooth can grow mechanically in the cell as an aseptic body. Of course, such a tooth must be 

made of a substance very strong and incapable of resorption, whether it is porcelain, metal or 

the like. 

Unfortunately, the scientist could not finish the research and create his school, did 

practically nothing to train students who could continue his work. This can explain the fact that 

the "first wave" of dental implantation was not developed. 

In 1913, Greenfield used a perforated implant made of platinum-iridium alloy, and 

Kuithan in 1926 successfully used artificial roots made of glass. 

Stainless steel was first used for implant purposes in 1912 by W. Sherman, although 

discovered by E. Haynis in 1907. 

Summing up the above, we can conclude that during the described period dental 

implantation was done sporadically, in the form of an experiment, so the results were not very 

comforting. This is quite natural, because the imperfection of antiseptics that existed at that 

time, the poor quality of materials for implantation, ignorance of the laws of immunology and 

tissue compatibility negated all efforts in this direction. 

The first scientific developments in dental implantation, based on a detailed study of 

the laws of interaction of the implant with the surrounding tissues, the search for biocompatible 

materials, optimization of biomechanical structures and improvement of implantation methods, 

appeared in the 30s of the last century. In 1931 H. Erdle and K. Prange in the USA developed 

a cobalt-chromium alloy, called "Vitallium", with the advent of which the results of 

implantation have improved significantly. In 1939 A. Strock implanted a screw implant made 

of this alloy, placing it in the socket of the extracted tooth (Fig. 1.2) 

 

Fig.1.2. Screw implant by A. Strock (1939) 

 



In the early 40s, the Swedish dentist H. Dahl proposed a subperiosteal implant that 

rested on the bone tissue of the alveolar ridge (Fig. 1.3). This idea was based on the strong 

attachment of collagen fibers of the periosteum to the bone tissue, which ensured reliable 

fixation of the implant. 

 

Fig.1.3. Modern view of a subperiosteal implant. 

 

The modern period of dental implantation development began in 1947, when the Italian 

dentist F. Formiggini, used in practice the implant of his own design (Fig. 1.4), documented 

the possibility of functioning of intraosseous implants as a support for dentures. In addition, he 

formulated the main tasks of dental implantology as a science that was just emerging: 

1) study of general and local reaction of bone tissue to the implant; 

2) determination of the optimal variant of tissue response to the implant; 

3) determination of the optimal material and design of the implant. 

 

Fig.1.4. Implant by F. Formiggini (1947). 

 



The efforts of specialists were aimed at solving these problems during the following 

years. As a result of research conducted in the 50s by U. Pasqualini, it became known that the 

optimal materials for dental implantation at that time were cobalt-chromium and binary alloys 

(gold with platinum and platinum with iridium), the acceptable reaction of bone tissue to the 

introduction and functioning of the implant is the formation of a thin fibrous capsule around it 

– fibro-osteointegration (FOI). 

The revival of interest in dental implantation in the USSR in the 50s is rightly associated 

with the scientific work of E.Y. Vares. In his dissertation, E.Y. Vares analyzes the results of 

the study of aseptic inflammation caused by the introduction of sterile celluloid tubes into the 

subcutaneous connective tissue. He found that connective tissue always grows into the existing 

holes or gaps in the celloid tube, overgrows it around the circumference and, turning into scar 

tissue, tightly holds the tube throughout the life of the animal. 

Based on these results, experiments were conducted on implantation of an artificial root 

into the socket after tooth extraction. The root was made of plastic (polymethyl methacrylate) 

with channels drilled in it in different directions. The experiments were conducted on dogs. 

Observations were analyzed after 30 days, 3, 6 and 8 months. The results were discussed on 

the basis of histological studies. It turned out that the connective tissue that grew into the 

channels created in the plastic implant can be replaced by bone tissue. 

In 1956, exactly one year after the experiments conducted by E.J. Vares, the work of 

Dr. G.B. Brahman was published, which expanded the understanding and possibilities of using 

implantation of artificial teeth. The harmlessness of polymethyl methacrylate copolymers was 

proved by many domestic authors: B.N. Binin, I.I. Revzin and others. 

In the same year, S.P. Mudryy defended his PhD thesis, where he substantiated a two-

stage technique of intraosseous implantation of plexiglass. Other enthusiasts began to try to use 

implantation of artificial teeth in their practice. The central body of the Ministry of Health of 

the USSR newspaper "Medical Newspaper" on June 22, 1956 predicted a new era in dentistry, 

referring to the data obtained by E.Y. Vares and his students. 

However, in December 1957, the same newspaper published an article by the chief 

dentist of the USSR N.N. Bazhanov, in which it was reported that E.Y. Vares misled the 

medical community of the country and there are no grounds for the introduction of implantation 

of artificial teeth in the practice of medical and preventive dental institutions. 

In 1958, by the Decree of the Ministry of Health of the USSR, implantation was banned. 

For almost 30 years, domestic dentists only watched the further history of implantology 

development in the world practice.  



Dental implantation received a powerful impetus in its development with the 

introduction of titanium and its alloys into practice. Titanium was first used in medicine for 

osteosynthesis in I951 by G. Levanthol, although it was discovered in 1795 by M.H. Claproth. 

Since 1952, the Swedish scientist R.I. Branemark has been conducting vital microscopy of 

living tissues using titanium optical cameras at the University of Gothenburg. In the course of 

these studies, one of the fundamental discoveries of implantology was made: in the bone 

placement area, which is formed atraumatically and exactly corresponds to the shape of the 

placed titanium structure, there is a strong connection of the metal surface with the bone. Later 

this phenomenon was called "osseointegration" (OI). 

This discovery revolutionized dental implantology. Branemark (Fig. 1.6) not only 

founded the Swedish school of implantology, which later turned into the Western European 

school of implantology, but also established mass production of standard collapsible cylindrical 

dental implants, developed his own two-stage method of their implantation, which demontrated 

excellent results (Fig. 1.5). 

 

Fig.1.5. Implant by R.I. Branemark (1965). 

 



 

Fig.1.6. Professor P-I. Branemark 

 

On the American continent, a national school of single-implantation was formed, the 

founder of which was L.Linkow. In the 60s, he independently developed several designs of 

non-separable intraosseous implants, including a plate implant with holes (blade-went), the 

introduction of which made it possible to prosthetics in narrow alveolar ridge. He also 

substantiated the one-stage technique of implantation of these implants (Fig. 1.7, 1.8). His 

name is associated with dozens of works on implantology, which contributed to the mass 

introduction of dental implantation in everyday dental practice.  

 

Fig.1.7. 

Single-stage screw implant by L.Linkow (1963). 

 



 

Fig.1.8. Laminar one-stage implant by L.Linkow (1969). 

 

In addition to screw, cylindrical and plate implants in the 70s, implants of combined 

forms were created (Fig. 1.9) 

 

Fig.1.9. Disc implant by G.Scortecci. 

 

Since the end of the 70s, a group of dentists from Kaunas – Professor S.P. Chepulis, 

O.N. Surov, A.S. Chernikis and others semi-legally, taking as a basis the one-stage technique 

and L.Linkow plate implant, began to develop their own implantation system and put the 

method into practice. Due to constant pressure from the authorities, only in 1981 it was possible 

to start clinical trials and the first implantations. And in 1983, thanks to the positive results of 

the use of titanium implants, an experimental laboratory of dental implantation and prosthetics 

was opened. During this period, the group of Professor S.P. Chepulis faced great opposition 

from the medical authorities of different levels. Their confident and reasoned position, as well 

as numerous newspaper publications with grateful letters from patients helped them to survive. 

On March 4, 1986, the Ministry of Health of the USSR issued Order No. 310 "On 

measures to introduce into practice the method of prosthetic treatment using implants", which 

opened the way for the development of the method throughout the country. 2 months after the 

order was issued, the Department of Implantology was opened at the Central Research Institute 

of Implantology, headed by A.I. Matveeva. 



Implantology in the USSR began to grow and develop. On April 20, 1992 the 

Constituent Conference of the Association of Dental Implantation Specialists was held. Centers 

and courses for the training of dental implantologists were opened. In 1994, the Department of 

Surgical Dentistry and Implantology of MMSI was established, and in 1998, for the first time 

in Ukraine, a course of dental implantology was opened at the Department of Prosthodontics 

of UMSA (Poltava), which is currently the main one among medical universities in Ukraine. 

Over the past 15 years, a large number of dissertations on implantation have been defended, 

articles and monographs have been published, and copyright certificates on the development 

of domestic implants have been issued. 

Ukraine is now forming its own school of implantology, there are many developments 

of new materials, methods of their implantation are being improved. Implantology centers were 

established in Kharkiv, Lviv, Kyiv, Chernivtsi, Poltava, Zaporizhzhya, Odesa. The production 

of domestic implants from titanium, cobalt-chromium alloy, and in recent years – from 

ceramics has been established. 

A great contribution to the development of domestic implantology in the 80s and 90s 

was made by dentists: A.S. Chernikis, V.A. Vorobyov, B.P. Markov, V.V. Los, E.G. 

Amrakhov, I.V. Baluda, S.P. Chepulis, M.Z. Mirgazizov, T.G. Robustova, V.N. Olesova and 

others. In the works of these scientists were covered some issues of implantology, such as 

indications and contraindications for implantation, predicting the success of treatment, 

materials science. However, these and other problems are far from being finally solved. Many 

issues of modern implantology are not studied by domestic specialists. 

In 1999, the I (VIII) Congress of the Association of Dentists of Ukraine was held, where 

the Association of Implantologists of Ukraine was established (President Ugryn M.M). In 

recent years, the number of training courses attended by more and more dentists has 

significantly increased, the number of articles on implantation topics has increased. 

Guided by this, a comprehensive program of scientific research on dental implantology 

was approved. 

The main direction of research is the problems of dental implantology, which are solved 

by the following topics-tasks: 

1. Development and implementation of the domestic system of osseointegrated 

implants. 

2. Development and implementation of materials for directed bone tissue regeneration. 

3. Clinical and physiological substantiation of the use of physical methods of treatment 

(magnetostimulation and electric influence) in dental implantation. 



4. Clinical and laboratory substantiation of the principles of prevention and treatment 

of complications in dental implantation. 

Each of the above topics-tasks introduces a fundamental novelty in solving the 

problems of dental implantology and is performed in the form of candidate and doctoral 

dissertations. 

Considering all the above, four main periods can be conditionally defined in the history 

of dental implantation. The first, when evidence of dental implantation we received from 

archaeological excavations, or references to it in the literature of China, India, Mexico, etc. The 

second period, or rather its beginning, can be defined in 1809, when Maggiolo introduced an 

artificial tooth root made of gold, which was later used as a support for the post structure. Since 

no detailed description of earlier similar interventions has been documented, Maggiolo's 

attempt can be considered the first authenticated dental implantation operation. The beginning 

of the third period can be considered the 40s of the XX century, when fundamental purposeful 

scientific research on the main issues of dental implantation began. And the beginning of the 

fourth period is the 60s, when the American scientist L. Linkow and the Swedish professor-

anatomist P-I. Branemark, respectively, used titanium for implantation, which turned out to be 

the material most suitable for dental implantation.  

Today dental implantation is experiencing rapid development in all developed countries 

of the world. Suffice it to say that at the end of the second millennium more than 30 000 000 

implants were placed in the world. 

Historically, the development of indications for the use of dental implants can be 

divided as follows: 1) completely edentulous lower jaw; 2) completely edentulous upper jaw; 

3) included defect of small length on the lower jaw; 4) single missing tooth.  

In accordance with the stages of development of modern implantology, the 

requirements for prosthetic structures have changed.  

Until the 90s of the twentieth century:  

- preference of function over aesthetics  

After the 90s of the twentieth century: 

- combination of function and aesthetics 

Modern stage:  

- maximum restoration of anatomical structures, function and aesthetics by technical 

and biological means 

Forecast for the future: 

- restoration of all anatomical structures due to the development of genetic engineering. 



Division of implantological intervention by levels, M.Ugryn 2004 

Level 1 – implantation within the alveolar ridge without bone grafting; 

Level 2 – implantation within the alveolar ridge with bone grafting; 

Level 3 – implantation associated with intervention outside the alveolar ridge (sinus 

lift, repositioning of the inferior alveolar nerve, harvesting of bone blocks from the chin or jaw 

angle, etc;) 

Level 4 – maxillofacial implantation. 

Over the past decade, various methods of diagnosis and treatment have been developed 

in implantology (for example, diagnostic complex of computer tomography and methods of 

alveolar ridge augmentation). Alveolar ridge augmentation by bone grafting, tissue 

regeneration using biological membranes, plastic surgery of the upper jaw and inferior alveolar 

nerve displacement all contribute to increasing the size of the bone for dental implants. 

Significantly improved aesthetic appearance of implants and possible prediction of success in 

replacing custom teeth or partial tooth loss 

  



SECTION 2. IMPLANT MATERIALS 

 

2.1. Biocompatible materials. Bioinert materials. Biotolerant materials. Bioactive 

materials. 

 

Dental implantation is associated with the introduction of foreign bodies into the body 

tissues and the corresponding reaction to them. Materials of non-biological origin, the use of 

which is possible in interaction with the biological system, are called biocompatible. This 

phenomenon is the basis of implantology. Biocompatibility of the implant material with bone 

tissue determines the normal course of the processes of regeneration and structural 

restructuring of the bone in the area of contact with the implant and provides adequate transfer 

of functional load.  

According to the definition of W. Wagner biocompatible materials are materials of non-

biological origin and used in medicine to achieve interaction with the biological system. From 

the point of view of osteoconduction activity and interaction with the bone matrix, V.Strunz 

(1984) and I.Osborn (1985) divided biocompatible materials into bioactive, bioinert, 

biotolerant. 

There are 3 groups of biocompatible implant materials:  

1. Biotolerant (stainless steel, cobalt-chromium alloys (CCA), silver-palladium alloys, 

polymers from which non-absorbable barrier membranes are made). 

2. Bioinert (titanium and its alloys, zirconium, corundum ceramics, tantalum, etc) 

3. Bioactive (hydroxyapatite, tricalcium phosphate, biosital, barrier membranes). 

All biotolerant materials show satisfactory biocompatibility, but do not have 

osteoconductive properties, that is, they are not able to provide adhesion of proteins and bone 

cells on their surface, and therefore the physical and chemical bond between the implant surface 

and the bone matrix, as a rule, is not formed, which leads to the formation of a connective tissue 

or fibrous capsule around the implant. This indirect contact is called fibro-osteointegration, 

which is based on distal osteogenesis. 

Bioactive non-biological materials are included in the ion exchange and metabolism of 

the bone matrix and are partially or completely replaced by bone tissue in the process of its 

regeneration. Calcium – phosphate materials obtained by methods of chemical deposition, 

sintering and synthesis are analogous to the main component of the mineral base of the bone 

and have pronounced osteoinductive properties, i.e., are able to cause osteogenesis, but as a 



result of interaction with the biological environment are subject to partial or complete 

degradation. Bioactive polymers of lactic and citric acids are used as absorbable barrier 

membranes. Composite materials based on high molecular weight polyethylene with mineral 

fillers – hydroxyapatite and calcium hydroxide – are used for osteoplasty of defects and bone 

augmentation (directed tissue regeneration). 

Bioinert implant materials are characterized by pronounced osteoconductive properties, 

since their surface can provide a physical and chemical bond with the bone matrix, but at the 

same time it is practically not included in the metabolism of bone tissue and is not subject to 

degradation during the entire period of interaction with surrounding tissues. A stable oxide film 

is formed on the surface of bioinert materials, which promotes the adsorption of glycosamines 

and other proteins necessary to start osteogenesis. 

As a result of this interaction between the bone tissue and the implant and over time, a 

direct contact (ankylosis) is formed, which was formulated by P-I. Branemark in 1977 as "a 

direct structural and functional connection between highly differentiated living bone and the 

surface of the supporting implant, detectable at the level of a light microscope". This 

phenomenon is called osteointegration, which is based on contact osteogenesis. 

Data on the influence of types of compatibility to tissues were reflected by G.Heimke 

(1990) in Table 2.1. 

 

Table 2.1. 

Characteristics of compatibility types 

Type of compatibility 
Effect of material on adherent 

patterns 
Result 

Biotolerance (distal 

osteogenesis)) 

Material components (ions and 

monomers) are released into 

the surrounding tissue  

 

Activation of differentiation of 

progenitor cells into 

osteoblasts, formation of an 

intermediate layer by collagen 

Bioinertness (contact 

osteogenesis) 

Ions and other elements are 

released into the surrounding 

tissue, resulting in a strong and 

rapid absorption of molecules 

from fluids and tissues, the 

implant surface is intimately 

No biochemical effect of ions 

on cell differentiation and 

proliferation. Cells do not 

receive biochemical 

information about the presence 

of the implant. No enzyme 



connected with the 

surrounding tissues 

reactions. The implant is 

separated from the host 

immune system, there are no 

reactions to the foreign body 

Bioactivity Deposition of collagen and 

hydroxyapatite from the 

environment on the implant 

surface  

Compounds similar to natural 

"gluing" are formed 

 

2.2 Requirements for dental implant materials. 

 

Successful functioning of implants largely depends on the properties of implant 

materials. Materials used for the manufacture of implants must have certain physical, 

biological, biochemical and biomechanical properties. 

Physicochemical properties: 

- not to dissolve; 

- not to be subject to corrosion and structural changes in liquid environments of the 

body; 

- do not cause undesirable electrochemical processes in tissues and on the surface of 

the implant – surrounding tissue interface.  

From a biological point of view, the implant material, its chemical elements, as well as 

possible products formed during interaction with the biological system should not: 

- cause pathological changes in the surrounding tissues during their regeneration; 

- disturb the homeostasis of the body, the vital activity of organs and tissues during the 

entire period of functioning; 

- have toxic, carcinogenic and allergic effects on tissues and the body as a whole. 

From a biochemical point of view, the material should provide spontaneous adsorption 

of biomolecules and cells, as well as their chemical bonding with the bone matrix. 

Mechanically, the implant material must have sufficient mechanical strength to withstand 

significant external forces and not collapse. 

Under the influence of these forces, internal stresses occur, which are transmitted to the 

surrounding environment. Therefore, one of the main biomechanical tasks of implantation is 



to study the patterns and possibilities of reducing the level of mechanical stress in the bone 

surrounding the implant. 

With all the variety of areas of modern biomechanics, there are several general 

principles of implant design.  

1. Anatomical – compliance of the implant with the natural or acquired as a result 

of the disease shape, size of the replaced structure, adjacent tissues. 

2. Biocompatibility or bioinertness of the implant material. 

3. Adequacy – the greatest conformity of mechanical and physicochemical 

properties of the implant to the properties of adjacent tissues or replaced structures 

4. Atraumaticity – minimal damage or gentle removal of adjacent tissues during 

implantation and functioning of the endoprosthesis. 

5. Functionality – the most complete and painless reproduction by the implant of 

the function of natural substituted tissues or organs as close as possible to a healthy state with 

minimal energy costs. 

6. Integrability – strong adhesion, "splicing" of the implant with adjacent tissues 

due to the shape, macrostructure and condition of its surface. 

7. Stability – the functioning of parts and components of the implant as long as 

possible without corrosion, fatigue, abrasion and other types of wear, without intoxication of 

the body with the products of the latter. 

It is known that an oxide film is formed on the surface of some metals, such as 

aluminum, titanium and chromium, which prevents their corrosion. However, in liquid media 

on the surface of aluminum and cobalt it loses its protective properties and is subject to 

electrochemical corrosion. Corrosion resistance also depends on how quickly the oxide layer 

can be restored. If it is easily destroyed and slowly restored, the corrosion resistance of the 

metal is very low.  

According to tests conducted by S.G. Steinemann, the corrosion of cobalt-chromium 

alloys is 20-26 μg / cm2 per day, and titanium and its alloys -11 μg / cm2 per day. 

 



 

Fig. 2.1. Factors of long-term success of implantation (scheme). 

 

From Fig. 2.1. it can be seen that according to modern concepts of implant 

biomechanics, only 3 of the 8 factors that determine its long-term stability in the body are 

medical, and the rest are purely engineering. The primary task in secondary adentia is to 

determine the need and possibility of using intraosseous implants when choosing a prosthetic 

method of dental treatment of patients. 

Today in the world dental practice the main material for the manufacture of dental 

implants is titanium and its alloys. 

M.Z. Mirgazizov based on the analysis of biomechanical properties of different 

materials proposed the following classification:  

1) materials and structures with low level of biomechanical compatibility (LBC 

materials); 

2) materials and structures with an average level of biocompatibility (MBS-materials); 

3) materials and structures with a high level of biomechanical compatibility (HBC 

materials).  

A low level of biomechanical compatibility is characterized by a complete mismatch 

between the physical and mechanical properties, mechanical behavior of the material and 

biological tissues that interact with the structure made of this material. The average level of 



biomechanical compatibility is characterized by the same features as the low level, but there is 

a fundamental difference: the material is able to increase the level of biomechanical 

compatibility of the structure after integration with the body tissues. For example, the 

biomechanical properties of porous titanium improve after bone tissue proliferation. A high 

level of biomechanical compatibility implies the maximum affinity of the physical and 

mechanical properties of the body tissues with which they functionally interact. Physical and 

mechanical properties of the material and body tissues are subject to a single law of 

deformation and restoration of shape.  

Of all these metal materials, titanium and its alloys have the highest resistance to 

corrosion, which allows lifelong implantation of titanium structures in the patient's body. High 

biocompatibility is due to a significantly reduced ion exchange at the interface "implant – living 

tissue", which ensures stable cell regeneration. Of particular interest are alloys based on 

titanium nickelide. 

Titanium, possessing the most complete combination of properties necessary for 

implant material, has long since justifiably occupied a priority position in the production of 

dental implants. Most of the implants produced in the world are constructed of titanium and its 

alloys. And this is true not only for dental implants, but also for implants that replace 

mineralized tissues of other areas of the skeleton. 

Titanium has been used in medicine since 1952. The biocompatibility of titanium is 

ensured by the spontaneous formation on its surface of an anticorrosive oxide film (titanium 

dioxide) 50-100 nm thick, which is a stable ceramic compound on which plasma proteins, 

organic and mineralized bone matrix (Ca and P ions) can be deposited. 

The rapid development of the use of titanium and its alloys in the dental field is largely 

due to the progress of dental implantation, based on the widespread use of the latest 

achievements in the field of materials science, biomechanics, physics, chemistry, as well as the 

results of a detailed study of the complex patterns of interaction of implants with surrounding 

tissues. 

 

2.3 Properties of titanium and its alloys 

 

Resistance to corrosion 

In air, due to adsorption of oxygen atoms on the surface of titanium, a thin oxide film 

with a thickness of 6 to 50 nm is formed, which provides complete protection of the metal 



against corrosion in many environments (salts, chlorides, acids). In these conditions, titanium 

is resistant not only to general, but also to various types of local corrosion, which cannot be 

said about stainless steel. Irritation of surrounding tissues by corrosion products causes 

galvanism, which violates the electrophysiological conditions necessary for normal bone 

formation. The oxide film on the surface of titanium has the ability to self-organize, that is, a 

continuous oxide layer is spontaneously created on the surface of titanium, which increases to 

a certain thickness. Then the formation of the oxide layer stops. 

Biological compatibility 

Bone and soft tissues adapt well to these materials. The high degree of integration of 

bone to metal is explained by its inertness. Adhesion and concentration of proteins, as well as 

calcium and phosphorus ions, occurs on the oxide layer. Thus, the oxide film is the basis for 

the formation of an osteoconductive matrix, on which mitosis of osteogenic cells and 

subsequent vital activity of osteoblasts and osteocytes is carried out. In addition, the oxide layer 

creates favorable physical and chemical conditions for the creation of calcium and titanium 

phosphate compounds directly on the implant surface. 

Almost 60 years of practice of titanium application in medical practice does not know 

a single registered case of allergic reactions, which are typical for stainless steel and cobalt-

chromium alloys.  

According to the conclusion of the international commission, titanium is recognized as 

a non-toxic material. 

Numerous clinical studies of medical devices made of technically pure titanium show 

its high biocompatibility compared to other metals and alloys. However, the mechanical 

strength of ordinary pure titanium is low. In this regard, the successful use of this material for 

medical devices requires its strengthening by additional alloying. Most often, vanadium and 

aluminum are included in titanium alloys for this purpose. These elements can significantly 

improve the strength characteristics, but they usually lead to the degradation of 

biocompatibility properties and reduce fatigue life. Vanadium ions have a cytotoxic effect on 

surrounding tissues, cause defermentation and adversely affect lipid metabolism. The increased 

content of aluminum ions in implant alloys significantly reduces the metabolic activity of bone 

tissue and slows down mineralization, and can also suppress erythropoiesis. 

In this regard, in recent years, a new approach to improving the properties of metals 

and alloys associated with their nanostructuring by methods of intense plastic deformation 

(IPD) has attracted increased interest. 



Recent studies have convincingly shown that nanostructuring of technically pure 

titanium by IPD methods can provide a significant increase in its mechanical properties. In 

addition, nanostructuring has the advantage of improving the biological reaction on the surface 

of titanium.  

Abroad, the so-called "commercially pure" titanium is used, which is divided into 4 

grades (Grade 1-4 ASTM, ISO). Titanium alloy Ti-6Al-4V (ASTM, ISO) is also used, which 

is an analogue of the domestic alloy VT-6 (see Tables 2.2). 

Titanium alloys, mainly titanium-aluminum-vanadium alloy (so-called Grade 5) may 

have improved strength characteristics, but due to the content of toxic impurities their use is 

currently limited in favor of 4 types of commercially pure titanium (Steinemann S., 2000). 

 

Table 2.2 

Chemical composition of titanium according to ISO 5832/II and ASTM F 67-89 

Element Grade 1, % Grade 2, % Grade 3, % Grade 4, % Ti-6Al−4V, % 

Nitrogen 0.03 0.03 0.05 0.05 (0.05) 

Carbon 0.1 0.1 0.1 0.1 (0,1) 

Hydrogen 0.015 0.015 0.015 0.015 (0.015) 

Iron 0.2 0.3 0.3 0.5 (0.4) 

Oxygen 0.18 0.25 0.35 0.5 (0.4)** (0.2) 

Aluminum     (5.5−6.75) 

Vanadium     (3.5−4.5) 

Titanium other other other other other 

 

The best material for the manufacture of dental implants, by far, is "pure" titanium class 

4 according to ASTM standard, as it 

- does not contain toxic vanadium, such as the alloy Ti-6Al-4V; 

- the presence of Fe in its composition (measured in tenths of %) cannot be considered 

negative, since even in the case of possible release of iron ions into the surrounding tissues, 

their effect on the tissues is not toxic, as in vanadium; 



- titanium class 4 has better strength properties compared to other materials of the 

"pure" titanium group. 

To date, the negative impact on the surrounding tissues and the body of alloys based on 

cobalt, chromium and nickel has been proven. Experimental and clinical studies have shown 

that these alloys can cause: 

- inflammatory reaction in the surrounding tissues, accompanied by the formation of 

granulation tissue and encapsulation of these99 materials; 

- death of connective tissue cells due to cytotoxic effect; 

- immune reactions, sensitization of the body and allergies; 

- formation of malignant tumors in the surrounding tissues. 

Aluminum ions inhibit ATP synthesis, so its increased content can significantly reduce 

the metabolic activity of bone tissue and slow down mineralization. They can also inhibit 

erythropoiesis and affect the central nervous system. It is believed that their long-term 

accumulation in the brain tissue can cause mutations of the AD3 and AD2 genes located in the 

14th and 19th chromosomes, which can lead to Alzheimer's disease.  

Vanadium ions are involved in fat metabolism, mineralization of bone tissue and teeth. 

The increased content of vanadium can have a pronounced cytotoxic effect on tissues and cause 

the destruction of some enzymes. 

Recently, zirconium has been increasingly used as an implant material, as well as 

titanium, which is in the 4th group of the side subgroup of the Periodic Table of the Periodic 

Table of the elements. Zirconium dioxide is a very promising material for the production of 

dental implants due to its high aesthetic properties when used. Non-metallic (white) implants 

provide high "pink" aesthetics in the gingiva area. The main raw material for the production of 

zirconium dioxide is the mineral zircon. Zirconium oxide is obtained from it by chemical 

treatment with additives. There are fully stabilized zirconium dioxide (FSZ) and partially 

stabilized (PSZ). This material has a number of advantages: good biocompatibility, the strength 

of this material corresponds to the natural tissues of the tooth, it harmonizes well with the color 

scheme of the tooth, which is important for aesthetics. 

Zirconium has the ability to form a protective oxide film with osteoconductive 

properties, which is highly active to spontaneous adhesion of biomolecules on its surface. 

These factors make zirconium metal a competitive material in the production of dental 

implants. 

Requirements for dental implant systems: 

- Clinically proven guarantee of success in the long-term period;  



- adequate implant material;  

- appropriate implant design; 

- availability of special instruments for preparation of appropriate bone cavities for the 

implant;  

- adequate cooling system to prevent thermal damage;  

- accuracy of the shapes of the implant components;  

- manufacturer's guarantee for the supply of components and accessories in case of 

system changes;  

- simple and reliable operating technique and prosthetic design;  

- sterile packaging with the possibility of implantation without touching the implant 

surface;  

- indication of sterilization date and guaranteed sterility period. 

Table 2.3 presents the qualitative characteristics of dental implant alloys of different 

systems certified in Ukraine. 

 

Table 2.3 

Dental implant systems presented on the Ukrainian market, materials and alloy 

grades, alloy chemical elements 

System Material Alloy brand 
Chem. 

formula 

Availability 

aluminum 

Presence 

of 

niobium 

The 

presence of 

vanadium 

U-Impl Titanium Grade 5 Ti6Al4V +  + 

ZIRCON-

PRIOR 
Zirconium KTC-125  + +  

Implife Titanium 
Protasul-

100 
Ti6Al7Nb + +  

Connect Titanium Grade 5 ELI Ti6Al4V +  + 

Vitaplant 

 

Titanium 

Zirconium 

BT-6 KTC-

100 
Ti6Al4V +  + 

Alpha-Bio Titanium Grade-5 Ti6Al4V +  + 

MIS Titanium Grade-5 Ti6Al4V +  + 

ITIStrauman

n 
Titanium Grade 4 Ti5Al +   



DIO Titanium Grade-4 Ti5Al +   

Neobiotech Titanium Grade-4 Ti5Al +   

Nobel 

Biocare 
 Grade 1 Ti2Al +   

 

The mechanical properties of titanium are presented in Table 2.4. 

 

Table 2.4  

Mechanical properties of titanium according to ISO 5832/II and ASTM F 67-89. 

 
Grade 1, 

MPa 

Grade 2, 

MPa 

Grade 3, 

MPa 

Grade 4, 

MPa 

Ti-6Al−4V, 

MPa 

Tensile strength 

limit 
240 345 450 550 (895) 

Liquidity limit 170 230 (275) 300 (380) 440 (483) (830) 

 

The use of technically pure titanium for the manufacture of elements used in the 

practice of surgical dentistry and maxillofacial surgery in osteosynthesis and dental 

implantation is also rational because the finished products can be subjected to gamma 

sterilization without the risk of residual radioactivity. 

 

2.4. Basic technologies of implant fabrication. 

 

Milling. This method of implant fabrication does not significantly affect the physical 

and chemical properties of titanium, so the index of biofunctional material does not change. 

The disadvantage of milling is the low purity of the surface treatment, which may have 

microcracks or traces of mechanical action, which is a factor of stress concentration in the 

material, reduces fatigue strength and can cause fractures of the implant. 

Pressure treatment. Pressure treatment can be carried out by stamping or plastic 

deformation. When stamping titanium in a cold state, its strength is increased due to the 

deformation of the crystal lattice. However, the ability of titanium to undergo pressure 

treatment in the cold state is quite low, so this processing method can be used only in the 

manufacture of simple forms. 



Powder metallurgy methods. Sintering of titanium powders allows to obtain a product 

with specified physical and mechanical properties, which has a through permeability. This 

technological process makes it possible to produce dental implants from a composition of 

porous and compact titanium with different pore diameters of the intraosseous part. 

Casting. Casting allows to obtain products of various, sometimes very complex shapes 

with a fairly high accuracy. However, it is impossible to control the structure of the material 

and, accordingly, its mechanical properties. In addition, implants made by casting are subjected 

to further mechanical processing in order to strengthen the material. Therefore, casting of 

intraosseous dental implants as a method of their production is rarely used. 

Implants of the "Neobiotech" system have a closed-loop production, which is presented 

in Fig.2.2.-2.6  

 

 

Fig.2.2. Titanium rods 

 

 

Fig 2.3. Milling of implants 

 



 

Fig.2.4. Surface treatment of implants 

 

 

Fig.2.5. CNC machine 

 

 

Fig.2.6. Packaging of finished implants after sterilization 

 



2.5. Basic design of dental implants. 

 

CLASSIFICATION OF DENTAL IMPLANTS 

I. By the material from which the implant is made:  

- metal (titanium, zirconium);  

- ceramic 

II. By localization: 

- intraosseous (endosseous); 

- subperiosteal;  

- endodonto-endoosseous; 

- submucosal; 

- intramucosal. 

III. By shape: 

- cylindrical; 

- helical; 

- leaf-shaped; 

- cone-shaped. 

IV. By the structure of the structure:  

- collapsible; 

- non-collapsible; 

- hybrid collapsible implants. 

V. By the method of application: 

- one-stage;  

- two-stage. 

VI. by the method of fabrication: 

- standard; 

- custom. 

The most convenient is the classification of implants, and accordingly implantation 

techniques, which is based on the relationship of the implant with the soft and hard tissues of 

the body. 

Endodonto-endoosseous implantation (endodontic, transradicular implantation) is a 

method of inserting a metal post into the bone through the tooth canal in order to fix a mobile 

tooth (Fig. 2.7).  



Endodontic-endoosseous implants are made of titanium, tantalum, CPS, aluminum 

oxide. 

Indications for surgery: the presence of mobile teeth that have cosmetic or functional 

value, if they cannot be fixed by other means in case of periodontal diseases, tooth injuries, etc. 

 

Fig. 2.7. Inserted endodonto-endoosseous implant with the recommended crown-root 

ratio. 

 

The method was first applied by Strock in 1943. After him Bruno offered for this 

purpose a special implant with stump and endosseous parts. The design is made custom for 

each tooth. The required length of the endosseous part of the implant is measured by X-ray. It 

is necessary that the distance from the edge of the alveolus to the top of the endosseous part of 

the implant is not less than the distance from the edge of the alveolus to the cutting edge of the 

crown. Plain or threaded pins are used. 

Implantation can be combined with root apex resection. The method can be applied 

only to teeth with sufficiently wide straight canals, so the central incisors and canines on all 

jaws are operated on the upper jaws. 

Endosseous implantation is a method by which the implant is inserted directly into the 

jaw bone (Fig. 2.8). This method is currently the most common and gives the best results. Of 

all types of implantation, endosseous implantation accounts for more than 90%.  

Indications: 

1) uni- or bilateral posterior defects of the dentition; 

2) limited defects of large sizes that do not allow to perform prosthetics with fixed 

structures by conventional methods; 

3) absence of one tooth in the anterior region, if it is not desirable to prepare the adjacent 

teeth; 



4) complete adentia, if the atrophy of the jaw is not sharply expressed. 

For endosseous implantation, plate, cylindrical or combined implants made of metal or 

ceramic are used. 

There is a one- and two-stage technique of endosseous implantation. In the one-stage 

technique, one-piece (one-piece) implants of the Linkow type are used, in the two-stage 

technique – collapsible cylindrical or plate implants of the Branemark type. They are fixed not 

only due to mechanical forces, but also due to osseointegration processes. 

In recent years, with the advent of high-precision technologies, another technique of 

endosseous implantation has appeared – biodesign implantation. It is used in case of loss of 

single-rooted teeth. The authors of this technique are German scientists Dr. B. Gilov and 

Dr. G. Klaus. The essence of it is that in a metalworking machine equipped with a computer 

center, an exact copy of the root of the lost tooth is reproduced from titanium and introduced 

into the hole of the newly extracted tooth. The results are positive, but the equipment to 

implement this method is extremely expensive, which limits the possibility of its widespread 

use. 

 

 

a       b   

Fig. 2.8. Plate – a, and cylindrical – b endosseous implants. 

 

In the subperiosteal method, the supporting part of the implant is inserted under the 

periosteum and rests on the bone tissue of the alveolar ridge (Fig. 2.9). 

The intervention is carried out in two stages. At the first stage, an impression is taken 

from the skeletonized alveolar ridge. The implant design is made in a dental laboratory and at 

the second stage is fixed under the periosteum. 



Indications for the use of this method are significant atrophy of the alveolar ridge in the 

posterior parts of dentition and edentulous jaws, especially in cases where it is impossible to 

make a denture in the usual way or apply a less complex type of implantation (endosseous).  

There are full subperiosteal implants, when a toothless jaw is prosthetically restored, 

and partial implants, when dealing with a final defect (Fig. 2.9.a). 

The technique of endosseous-subperiosteal (ES) implantation combines the 

advantages of both methods. It was first used in 1958 by De Grodi, who proposed a combined 

design consisting of endosseous plates connected by subperiosteal strips. Today there are many 

designs of endosseous-subperiosteal implant (ESI). Each of them has the following elements: 

head, neck, subperiosteal part and endosseous part (Fig. 2.9.b). 

The most interesting designs were proposed by Heinrick (1974) and Linkow (1980). 

Heinrick proposed an implant similar to the usual endosseous construction, but at both ends of 

the endosseous part it has thin strips with holes. The strips are located at the neck level and can 

be easily bent. After insertion of the endosseous part into the bone, the strips are bent and fixed 

to the bone with screws through the holes, after which they are closed with a muco-osseous 

flap. Linkow proposed a subperiosteal plate, which can be easily moved vertically along the 

neck of the implant and can be fixed under the periosteum at the desired height. Thus, the 

fixation of the implant is significantly improved, and its manufacture is much simpler than the 

classic subperiosteal design. 

 

 

a 



 

b 

Fig. 2.9. Subperiosteal – a, and endosseous-subperiosteal implants – b with different 

types of endosseous elements. 

 

Transmandibular implantation, which was proposed by I.A. Small in 1964 for patients 

with extreme atrophy of the lower jaw for the prevention of pathological fractures and at the 

same time for fixation of a removable prosthesis, can be considered as one of the variants of 

the ES technique. This implant was a subperiosteal plate, which was fixed on the body of the 

lower jaw with the help of intraosseous pins that penetrated through it and protruded into the 

oral cavity to fix the removable prosthesis (Fig. 2.10) 

 

Fig. 2.10. Transmandibular implant. 

 

Insert implantation or intramucosal implantation is indicated to improve fixation of 

removable denture in case of atrophy of the alveolar ridge, increased gag reflex, defects in the 



development of the palate. It is used mainly on the upper jaw, but in some cases, it can be 

performed on the lower jaw. Proposed by H. Nordgren in 1940 (Fig.2. 11). 

Insert implants are made of stainless steel, CPS, titanium, nylon. 

 

 

Fig. 2.11. Insert implant. 

 

Submucosal or submucosal implantation was proposed by Popov in 1973. This rather 

simple method consists in the introduction of magnets (2-4 pairs) under the mucous membrane 

of the oral cavity (in the area of the transitional fold), and magnets of opposite polarity are 

welded into the base of the removable denture. Such implantation allows to obtain a satisfactory 

fixation of removable dentures in patients who are contraindicated to other types of 

implantation due to old age or unsatisfactory general condition.  

Currently, preference is given to screw cylindrical implants, due to their reliability and 

durability, as well as the two-stage technique of the operation. L. Linkow and G. Muratori 

formulated the principle of "multimodal" (multi-type) concept of dental implantation, 

according to which, depending on the anatomical conditions and clinical situation, it is 

advisable to use different types of implants. 

Types of intraosseous implants 

An intraosseous dental implant has intraosseous, intramucosal and supporting parts. 

Depending on the shape of the intraosseous part, most dental implants can be divided into 

implants that more or less repeat the shape of the tooth root (cylindrical, screw), plate and 

combined implants. 

Designs of fixed implants. 

Modern one-piece implants consist of the intraosseous part of the screw or plate shape, 

the neck, which in turn passes into the implant head. 

Non-separable implants are provided only for one-stage placing. The intraosseous part 

and the neck of the implant are immersed in the bone tissue. The support head is at the level of 

the mucous membrane and protrudes into the oral cavity. 

Designs of collapsible implants  



Collapsible designs of dental implants are designed for both one- and two-stage 

methods of their application. Collapsible implants consist of three main parts: intraosseous part, 

screw – cap and head, but may also include additional components (gingival cuff formers, 

fixing screws, special caps, etc.), which are necessary for rational prosthetics. 

The body of the implant. The main part of all implants is the body. It is surgically 

immersed in the jaw bone tissue, and in this position the implant body remains during the entire 

period of functioning of the structure. Without a strong connection of the implant body with 

the jaw bone, dental implantation cannot be successful.  

In most implants in the form of a tooth root, the body is completely immersed in the 

bone. However, in some implants, the upper part may protrude above the surface of the mucous 

membrane that covers the alveolar bone. The apical part of the implants in the shape of the 

tooth root may end with a flat platform, or have a rounding. In most cases, the diameter of the 

body along the entire length is the same, sometimes in some screw and cylindrical structures 

the apical part is narrowed. The classic form of dental implant is the Branemark design. 

According to the method of insertion, implants are divided into screw implants, which 

are screwed in like a screw, and cylindrical implants, which are placed using vertically directed 

pressure. Screw and cylindrical implants have their advantages and disadvantages. Statistics 

show that practitioners use screw implants more often. 

Advantages of screw implants 

- primary fixation, which is the key to success, is usually better with screw implants;  

- when forming the bone placement area of cylindrical implants, it is difficult to achieve 

high accuracy as a result of inevitable shifts in the drilling process or, if the bone is soft, it is 

difficult to obtain stability during implant placement; 

- with the same diameter of implants, the screw implant preserves more bone, because 

bone remains inside the implant thread; 

- with the same diameter and surface structure, the external area of the screw implant 

is larger, which provides better bone support; 

- if it is necessary to remove the implant from the area formed with an inclination, or in 

case of inflammation, the screw implant can be easily removed by rotating in the opposite 

direction; 

- when removing a cylindrical implant, it is necessary to use a round hollow drill, and 

a large amount of bone tissue is lost. 

On the crown part of most implants in the shape of the tooth root there is a neck 1-2 

mm high, which must be deepened into the bone, only in some systems it can protrude into the 



soft tissue. As a rule, the neck is not coated, but rather polished to reduce bacterial colonization 

and to facilitate hygiene procedures.  

The size of implants has biomechanical and clinical significance. Two biomechanical 

laws are known: 

- the greater the length of the implant, the greater its integration with the bone tissue 

and the greater the functional load the implant and the surrounding bone tissue can bear; 

- the larger the diameter, the more favorable the distribution of the load on the bone 

tissue and the higher the strength of the implant. 

Thus, from a biological and clinical point of view, the size of the implant should be so 

small that it is surrounded by an array of bone tissue on all sides, which will ensure adequate 

osteogenesis. 

Developers of implants of all systems pay great attention to the issues of macro- and 

micro-structure of the implant body surface. For the successful functioning of implants that are 

integrated into the jawbone, the adequacy of redistribution of load forces plays a particularly 

important role. The decisive factors are the area of direct contact of the implant body with the 

bone and the direction of the functional load: the larger the area, the more uniform the load on 

the bone. 

The first and easiest way to solve this problem was to maximize the geometric 

dimensions of the body of the structure. However, since anatomical features determine the 

limits of permissible dimensions, each system provides designs with a body of different length 

and diameter.  

When designing implants, the methods of load transfer to the bone are of great 

importance. Bone has the maximum strength when it is subjected to compression load, which 

is directed perpendicular to the horizontal plane of occlusion. Bone strength decreases by 30% 

and 65% under tensile and shear loads. In this regard, shear forces for intraosseous implants 

are considered the most dangerous. An important role is played by the macrostructure of the 

implant, in particular the thread in screw structures. With the same length and width, the surface 

of screw implants is always larger than the surface of cylindrical structures (the difference can 

exceed 500%). The view of the geometry of threading of different implants is presented in 

Fig.2.12. 

 



 

Fig. 2.12. Varieties of design of cutting of intraosseous implants 

 

Collapsible designs of dental implants are designed for a one- or two-stage method of 

use. They can be two-component (intraosseous part and head), three-component (there is an 

additional transition element at the gingiva level) and multi-component (there are a number of 

intermediate links between the intraosseous part and the head – shock absorbers, rings, 

springs). 

The connection of the components of collapsible implants may differ in different 

systems. In some, it can be carried out using cement (usually in implants with ceramic 

intraosseous part). In some by mechanical jamming of the tapered parts (Morse taper). 

The most common is the screw connection. In most systems, in addition to the screw 

connection, there is a module that simultaneously serves to place and fix the head on the 

implant in a certain position and prevent its rotation. Usually, this module has the shape of a 

hexagon – octahedron and can be recessed inside the intraosseous part (internal connection), 

or located outside (external connection). In this case, the head is placed on the module and 

fixed with a screw that passes through the head into the intraosseous part. 

Shock absorbers  

The design of some implants provides for a shock absorber, which can be located at 

three levels: in the intraosseous part, at the junction of the head with the intraosseous part or at 

the level of the prosthetic structure. It is believed that the presence of a shock absorber can 



reduce the stress level in the bone tissue surrounding the implant and optimize the distribution 

of mechanical load in the system "denture – implant – bone. 

 

 

Fig.2.13. Collapsible root-shaped screw implant. 

 

The unique design of the Neobiotech implant neck with a height of 0.5 mm has many 

micro grooves obtained by machining the surface. This form prevents the possibility of 

bacterial penetration, increases the strong force (attachment) between the upper part of the 

implant and soft tissues. This results in long-term stability and minimal bone loss compared to 

other types of implantation. 

Support head of the implant. The most important component of all implant systems 

in the form of a tooth root are the supporting heads or suprastructures (abutment).  

The abutment is the supporting and fixing part of the implant that holds the prosthetic 

structure. There are 3 main categories of abutments, which are divided according to the way 

the prosthesis or suprastructure is held on the abutment: 

1) screw retention abutment – a screw is used to hold the prosthesis or suprastructure; 

2) cement retention abutment – cement is used to hold the prosthesis or suprastructure; 

3) abutment for an attachment – an attachment is used for retention of a removable 

denture (for example, a bolt-attachment)  
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Functionally, the abutment is a component that connects the implant with the prosthetic 

structure. Thus, the prosthesis can be held on the support head by screw fixation, cementation 

or connection to the abutment for fixing a removable denture (Mirgazizov M.Z. et al., 1993). 

The designs of heads (abutments) are diverse. The simplest have the shape of a cylinder or cone 

and the corresponding module for connection with the intraosseous part. Complex abutments 

follow the shape of the tooth stump prepared for the tooth crown.  

The taper of the heads ranges from 10 to 40 degrees. There are angular heads – the 

supporting part of which is at an angle to the connection module. Their angle can vary from 10 

– 25. The heads can have different lengths of the transgingival part (from 1 – to 9 mm) and 

different heights of the supporting part (2 – 7 mm) Fig. 2.14,2.15. 

Support heads are always polished, as they are the main object of custom care of the 

implant. Abutments are in constant contact with the oral cavity and are prone to rapid 

colonization by bacteria. The plane of the support head adjacent to the prosthetic implant 

platform is also carefully treated. The contact should be as tight as possible not only to ensure 

strength, but also to prevent the penetration of microorganisms into the implant body. Each 

implant system has original abutments. 

For some implant systems it is possible to use plastic abutments. Like metal ones, they 

are attached to the implant body with titanium screws.  

The abutments, which are a separate element, are placed on the implant only after the 

epithelium has healed, that is, at the second stage of implantation, when the implant is 

integrated into the bone. 

 

 

Fig. 2.14. Solid abutment 

 



 

Fig.2.15. Angle abutment 15°. 

 

 

Fig. 2.16. Ball-abutment – attachment 

 

The “Multi-unit” abutment is designed for both full and partial restorations, and in 

particular for use in conjunction with the scientifically based and clinically proven All-on-4 

treatment concept. 

- The short cone is ideal for limited interocclusal space. 

- The wide base of the abutment simplifies the placing of the prosthetic structure. 

- For any gingiva type: straight and angled (17° and 30°) “Multi-unit” abutments are 

available in nine neck heights. 

 



 

Fig. 2.16. “Multi-unit” abutment angular 

 

Methods of connection of the intraosseous part of the implant with the abutment in the 

horizontal plane are divided into two groups: 

- connection without an element that prevents rotation, i.e., smooth round connection; 

- connection with an element that prevents the rotation of the abutment relative to the 

implant: hexagon, octagon, Spline (protrusions). 

Methods of connection between implant and abutment in the vertical plane are divided 

into two groups: 

- external connection – in the center of the intraosseous part of the implant there is a 

protrusion, and in the abutment – respectively – a recess; 

- internal connection – in the center of the intraosseous part of the implant there is a 

recess, and in the abutment, respectively, there is a protrusion. 

External, internal hexes and cone connection (Morse cone) are the most common types 

of connection in modern implants. 

 



 

Fig.2.17. Implant-abutment connection. 

 

Morse cone is a technical term. In implantology practice, its meaning is that when the 

implant and abutment are connected, jamming occurs. In this case, the distribution of the 

chewing load on the implant becomes planar. Thus, the load of the fixing screw is removed, 

and loosening of prosthetic structures is prevented. Morse taper, or "Cold Welding" provides 

several advantages: 

1. Reliability: 

This connection shows a high (99%) reliability in comparison with the internal or 

external hexagon. 

2. Reduction of micro-gap: 

In the traditional implant, the abutment is held by a screw for fixation, but this 

connection is not ideal, there is always a small space between the parts. The gap at the 
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connection on the Morse cone (1 micron) is smaller than the size of the bacterium – they are 

1.1-1.5 microns in length and 2-6 microns in diameter. 

3. Elimination of micromobility / screw fracture: 

Abutment screw fracture is one of the most common problems in single restorations. 

The Morse taper connection reduces micromobility as well as the functional load on the screw 

and its loosening by 37%. 

 

2.6 Implant surface treatment 

 

In the works of Buser et al., Wennenberg at al., 1996, it was demonstrated that a high 

degree of surface roughness affects the mechanical stability of the implant both at the time of 

placing and in the long term. 

The microscopic level of roughness reflects the microgeometry of the implant surface 

with a size of 1 to 10 microns, which provides the maximum degree of adhesion between the 

implant and mineralized bone tissue. The optimal condition for osseointegration, according to 

experimental studies (Hansson et al., 1999, Marukhno B., Vakhnenko A., 2012), is the surface 

topography, characterized by the presence of hemispherical pores with a depth of 1.5-4 microns 

in diameter.  

Scientific publications indicate the presence of the maximum number of contacts 

between the bone placement area and the intraosseous part of the implant with the specified 

roughness characteristics (Pebe et al., 1997). Implants with such a surface demonstrate the 

greatest resistance during the twisting test, which can also be regarded as a positive sign 

(Testoni T. et al., 2001, Conner K. et al., 2003).  

The surface of the implant should be close in structure to the structure of bone tissue, 

i.e., be porous, with the optimal roughness of Ra parameter is 2-4 microns, and the pore 

diameter on the implant surface should be 3-11 microns. Exceeding the roughness parameters 

of the implant surface is undesirable, as it can lead to adhesion of microorganisms around the 

implant. The porosity activates the proliferation of bone tissue inside the implant, which helps 

to speed up its implantation. 

The developed relief of the implant surface contributes to the fact that the irregularities 

on it provide engagement of the newly formed bone tissue with the implant surface. Also, 

irregularities provide good hydrophilicity, i.e., wettability of the surface, as the interaction with 



biological fluids and cellular elements increases, which ensures good survival rates 

(osseointegration) in the early stages. 

To provide the necessary relief of the implant surface, various processing technologies 

are used. Let us analyze the technologies used in the manufacture of dental implants:  

1. Air-abrasive treatment followed by acid etching  

In air-abrasive treatment, roughness is created by bombarding implants with metal or 

ceramic chips. It can be applied at the beginning or at the end of the process to obtain the 

desired surface relief. The most common materials used for bombardment are aluminum oxide 

(AL2O3), titanium oxide (TiO2) and calcium phosphate (Ca3(PO4)2). Particle size, pressure and 

duration of bombardment during air-abrasive treatment affect the parameters of the surface 

relief. Acid etching promotes the formation of a porous implant surface. The pore size varies 

depending on the acid used. The use of hydrochloric (HCl) or sulfuric (H2SO4) acids usually 

leads to 

to the appearance of pores with a diameter of 1-2 microns, while the use of hydrofluoric 

(HF) or nitric (HNO3) acids forms pores with a diameter of 5-10 microns. The roughness of 

such treatment in terms of Ra parameter is 2-3 microns. 

2. Plasma spraying of titanium powder 

The process of plasma spraying is carried out by introducing titanium powder into the 

plasma jet, which is accompanied by melting and acceleration of particles when moving in the 

plasma flow, followed by their deposition on the surface of the implant. Being in the molten 

state, the particles settle on the substrate, condense and stick together, forming a continuous 

film. As a result of this procedure, a surface with a roughness parameter Ra of about 7 microns 

is formed, which leads to an increase in the surface area of the implant. However, the pores 

have a complex shape and a large variation in size. A significant drawback of this technology 

is the low adhesion of the sputtered layer on the metal base of the implant, which causes its 

penetration into the surrounding tissues of the jaw. 

3. Plasma spraying of calcium phosphate ceramics 

The surface relief obtained using this technology is the same as when spraying of 

titanium powder. Calcium phosphates are used as ceramic ingredients: tricalcium phosphate 

(TCP); hydroxyapatite; tetracalcium phosphate. Calcium phosphate compounds have a high 

degree of biocompatibility, provide good adhesion of proteins and bone cells. the degree of 

biocompatibility of calcium phosphate material depends on its crystallinity and porosity. 

Calcium phosphate compounds dramatically increase the strength of the connection with the 



bone. The disadvantage of this technology is that the load can cause destruction of the bone 

placement area of the implant due to the lack of cushioning. 

4. Anodizing (anodic oxidation) 

Obtaining a surface with a porous relief is possible by potentiostatic or galvanostatic 

anodizing of the titanium surface in an environment of strong acids (H2SO4, H3PO4, HF, HNO3) 

with a high current density (200 A / m2) or voltage (100V). The consequence of anodizing is 

to obtain an implant surface with an oxide film thickness of more than 1 micron. The pore size 

and roughness are difficult to adjust, as the formation of the oxide film is uneven. Regulation 

of pore size and roughness is carried out by selecting the electrolyte and current modes. 

5. Micro arc oxidation 

The processing process is similar to anodizing, but proceeds at high current and voltage. 

According to this method, micro-discharges of electric current are formed on the treated 

surface. The application of this technology allows to obtain ceramic layers (coatings) on the 

surface with crystalline and amorphous structure with thickness from several micrometers to 

several tenths of a millimeter. The disadvantage of this technology is the need to use acid and 

alkaline solutions that can remain in the porous surface even after washing and sterilization of 

the implant. 

6. Laser treatment 

The implant surface is treated with a laser beam, which, acting on the surface, leads to 

heating, melting and evaporation of titanium. By moving the beam on the surface of the 

implant, you can get a different surface relief. The use of laser processing allows to increase 

microhardness and corrosion resistance due to the formation of an oxide layer. 

By varying the modes of laser processing, it is possible to obtain a surface with the 

required pore diameter and roughness. Laser processing is more technological in comparison 

with the above methods and does not require consumables; the resulting surface, devoid of acid 

residues or abrasive particles, is characterized by high purity. The diameter of the pores during 

laser processing is 5-50 microns, the roughness by Ra parameter is 2-10 microns. 

Most implant manufacturers use two main technologies for implant surface treatment – 

SLA and RBM. Each of these technologies has its advantages and disadvantages.  

SLA surface (abbreviation of Sand blasted, Largegrit, Acid-etched) was first developed 

by the company "Straumann" and to this day is the most acceptable and widespread technology 

of dental implants surface treatment. 

The SLA surface is created by jetting with aluminum oxide and subsequent double acid 

etching of implants. The main advantage of the SLA surface, which has won it universal 



recognition, is its well-developed porosity with craters of 2-5 microns in diameter, which have 

been found to play an important role in the process of osseointegration (Fig. 2.18). 

However, the process of forming the SLA surface has certain disadvantages: acid 

etching does not ensure complete removal of aluminum oxide particles from the surface after 

blasting. More intensive etching, which may be able to remove these particles, may lead to a 

weakening of further bone adhesion to the implant. 

According to retrospective clinical data, the proportion of successful results with a 

standard surgical protocol is 98.3%, and in conditions of immediate functional load – 99.6%. 

 

 

Fig. 2.18. Microscopic image of the SLA surface (5000 times magnification) 

 

The American company Lifecore and a number of other companies (Israeli company 

"Adin", South Korean "DIO") use RBM technology (abbreviation of Resorbable Blasted 

Media) for surface treatment. This type of surface is also widely used in the production of 

dental implants. RBM surface is created by blasting implants with abrasive calcium phosphate 

and subsequent washing in weak acids. The result is a clean structured titanium surface. 

However, the RBM surface has a drawback that reduces its marketing appeal: its 

topography, although rough, does not have structurally organized craters, which are considered 

responsible for good osseointegration. 

 



 

Fig.2.19. Basic designs of dental implants 

 

2.7. Armamentarium 

 

One of the fundamental principles of implantation is atraumatic preparation of the 

implant bone placement area and its subsequent correct placing. This can be ensured only with 

the use of instruments specially designed for the preparation and final formation of the bone 

placement area, with the appropriate shape and size of the implant to be placed. 

The formation of a large necrosis zone due to bone heating during drilling can not only 

slow down regeneration and provoke massive bone resorption, but also lead to the development 

of osteomyelitis. Heating of the bone by 4-5° leads to bone marrow hyperemia; by 10-13° – to 

irreversible reorganization of collagen, breaking of bonds between collagen and hydroxyapatite 

fibers, necrosis of custom structural units of the bone. 

Heating by more than 10-13° causes denaturation of proteins, osteocyte death, 

persistent circulatory disorders for 4-5 weeks and the formation of sequesters. Heating of the 

bone in the drilling area by 7° is considered acceptable when preparing the implant bed. The 

cause of bone heating during drilling is friction, which in turn depends on the speed of rotation 



and the shape of the instrument. The low thermal conductivity of the bone and inefficient 

removal of bone chips from the drilling zone contribute to the heat concentration. 

The problem of bone heating can be solved by using a tool whose geometry ensures 

effective removal of bone chips from the drilling zone, as well as with the help of fairly simple 

and effective techniques – irrigation of the drilling zone with a cooling solution, intermittent 

drilling and step-by-step preparation of the bone placement area with gradation of tools in 

diameter. 

Physiodisperser is a necessary equipment for a dental clinic. This multifunctional 

device is used for surgical operations and manipulations of varying complexity in the field of 

implantology and maxillofacial surgery. 

Dental physiodispenser (Fig. 2.20), depending on the model and configuration, can be 

equipped with a display, a system of interchangeable tips, an ultrasonic generator (in ultrasonic 

systems), a unit for supplying saline, a cooling mode of the drills, an electric motor, a control 

unit for setting the device. 

Modern physiological dispenser has special software, which includes the function of 

automatic calibration of high accuracy, which allows you to adjust the operation of the 

micromotor and ensures the accuracy of the torque. 

 



 

Fig. 2.20. ImplanMED physiodisperser, W&H. 

 

Thus, the dentist performs surgical operations of varying complexity as efficiently and 

safely as possible for the patient. Most modern dental units are equipped with vacuum electric 

suction. 

Dental handpieces belong to the category of mechanized instruments and are parts of 

the dental unit designed to fix cutting instruments in them and transmit rotational motion from 

the sleeve of the unit to the cutting instrument. 

The preparation of the hole for the implant is carried out with the help of cutting tools 

– mills or drills, which have a certain size, shape and order of application. 

The surgical set includes drills of successive diameters and length of the working part. 

Each drill has its own color marking grid necessary for its identification during the operation 

and unified notches of the immersion depth (Fig. 2.21). 

 



 

Fig. 2.21. Cutters for preparation of the bone placement area 

 

Tap. Its purpose is to reduce the "pressure" of the implant on the bone tissue, to achieve 

even greater compliance of the size of the hole with the size of the implant (Fig. 2.22). 

 

 

Fig. 2.22 Taps and cortical cutters. 

 



Implant guides are instruments for inserting implants or their intraosseous elements into 

the bone placement area (Fig.2.23). 

The purpose of these instruments is fixation of the implant to prevent contact of its 

intraosseous part with hands or other objects, and enable correct placement of the implant in 

the bed. Implant guides can be different in design, which depends on the shape of the implant, 

the method of its placing and the module of connections of the implant components. 

 

 

Fig. 2.23. Implant guides for manual and machine use. 

 

Wrenches are instruments designed for the placing of screw implants. Wrenches can be 

of different shapes and designs: round, cap, ratchet, torque wrenches. A common element of 

the wrench design is a module for connection to the implant guide (Fig. 2.24).  

The main function of this tool is to limit the torque or moment of force, measured in 

newton-centimeters, as well as rotational forces during implant placement. 

Dentists use a torque wrench to limit the expected torque, which should not exceed the 

specified value. 

When fixing a dental implant – this value should be 45 Ncm, as high values can cause 

compression necrosis of the bone. However, with immediate loading, the abutment should be 

tightened by 20-25 Ncm. Such a value is set to prevent the newly placed implant from scrolling 

in the socket. 

 



 

Fig. 2.24. Dynamometric ratchet wrench. 

 

Screwdrivers are designed to place cap screws, gingival cuff formers that fix the 

prosthesis screws, sometimes implant heads. A depth gauge is used to measure the depth and 

ratification of bone integrity. 

Osteotome is used for the manual formation of the implant seat area in soft bone types, 

during sinus lift. 

  



CHAPTER 3. BONE BIOLOGY 

 

3.1 Anatomical and functional characteristics of the maxillofacial apparatus 

 

The operation of dental implantation involves the introduction of artificial supports into 

the bone tissue of the jaws, which affects the functioning of both the bone and the entire 

dentition. It is fundamentally important for the dentist to know the anatomy and structural 

features of the jaw bones, temporomandibular joint. 

Maxilla 

The maxilla is a paired bone of complex structure (Fig. 3.1). It consists of a body and 

four processes: frontal, zygomatic, ethmoid and palatine (Fig. 3.1). The upper jaw is fixed and 

is under constant pressure from the lower jaw. Bumps, roughnesses and grooves on the body 

of the jaw are caused by the adjacent vessels. The alveolar ridge develops and forms as the 

teeth develop and erupt. 

Of particular functional importance are the buttresses of the upper jaw. They perceive 

chewing pressure, which is then distributed to the bone tissue with the formation of elastic 

deformations. The buttresses rest on the collar process with their base and on different parts of 

the facial skeleton with their top. There are frontal-nasal, zygomatic, pterygomaxillary, palatal 

buttress.  

The hard palate consists of the palatine processes of the upper jaw and horizontal plates 

of the palatine bones. These parts of the hard palate are connected by two sutures – sagittal and 

frontal. 

The body of the bone has a cavity – the maxillary sinus. Its shape corresponds to the 

shape of the upper jaw body, and the volume has age and custom differences. According to 

A.S. Ivanov, the volume of the sinus ranges from 12 to 15 cm3. The lower wall of the maxillary 

sinus is uneven, it has concave and convex areas. 

 



 

Fig 3.1. Structure of the upper jaw. 

 

Analysis of the results of anatomical studies allowed to distinguish three types of 

sinuses depending on the degree of pneumatization: pneumatic, sclerotic and intermediate. In 

the pneumatic type, the size of the sinus is relatively large, the walls are thin, the bottom flows 

into the alveolar process, forming bays. Sclerotic type of maxillary sinuses is characterized by 

small volume and pronounced bone thickness (from 1 to 10 mm and more). On a panoramic 

X-ray it looks absolutely flat, this is because the image is a two-dimensional copy of the three-

dimensional picture. Sometimes on the X-ray it is possible to see that the implant is in the 

maxillary sinus. In fact, the bottom of the implant may be located in the wall of the maxillary 

sinus. In some cases of low sinus location, implantation is possible because the cortical plate 

of the lower sinus wall is able to support the implant and distribute the forces acting on it along 

the entire length of the cortical bone. 

At the base of the nose there is a thick bone, which can be a good support for the implant 

and distribute the forces acting on the implant along the cortical plate of the upper jaw. The 

Fossa canina area has in most cases enough bone for implantation.  

In the palatal area, it is necessary to beware of injury of the Grate palatine artery. 

Sometimes there is a need to make implantation in the tubular area and rely on the Fossa 

pterygoidea. The bone in this area is very soft – type 4, and care must be taken not to get into 



the Fossa sphenopalatine, which is very well supplied with blood vessels and nerve endings. 

Atrophy of the alveolar ridge of the upper jaw leads to a number of anatomical formations: the 

neurovascular bundle, which comes from the incisal foramen, can shift to the ridge of the 

alveolar ridge, and the muscles: buccal, large and small majestic, can take a position close to 

the alveolar ridge. In the distal parts, the alveolar ridge always undergoes greater resorption. 

Atrophy of the alveolar part of the upper jaw is most pronounced on the vestibular side. 

The bone tissue of the upper and lower jaws belongs to the flat bones. such bones have 

a more ordered spatial organization: they consist of successive layers.  

All authors agree that implantation on the upper jaw is more difficult than on the lower 

jaw, because the cyst of the lower jaw is much denser, and the upper jaw is porous, which 

forces the surgeon to place longer implants. In addition, the aesthetic requirements for the 

results of implantation in this place are much higher. There are the following areas for 

implantation on the upper jaw: anterior, canine, sinus, palatine – wing-shaped area. 

Anterior area – damage to the incisal foramen makes osseointegration of the implant 

impossible. If the hole is too large, the best way out of this situation is bone autoplasty. 

Nasal cavity. When the implant is inserted in the bicortical area of the cyst, the nasal 

mucosa can be perforated, which can lead to bleeding and there is a risk of infection. 

The area of the canines. Damage to the vascular and nervous anterior – upper alveolar 

branches, which are usually located in the thickness of the alveolar ridge and anterior wall, do 

not lead to any complications worthy of attention. The subgingival foramen is too high to be 

injured during conventional dental implantation. 

The maxillary sinus is the biggest obstacle for implant placement. Perforation of the 

maxillary sinus floor can lead to the development of sinusitis. Sometimes, with incorrectly 

calculated efforts of the surgeon, the implant can be pushed inside the sinus. It should not be 

forgotten that chronic trauma to the maxillary sinus mucosa can lead to the onset and 

development of a malignant process (cancer of the upper jaw). 

Palatine – pterygomaxillary -jaw area. It consists of the cusp of the maxilla, the vertical 

plate of the palatine bone and the pterygoid processes of the sphenoid bone. It is used for the 

placing of pterygoid implants. The site is quite dangerous, mistakes during surgical 

interventions can cause significant bleeding from the vessels of the wing plexus and palatine 

arteries. This area belongs to the IV degree. 

 



 

Fig 3.2. Location of implants on edentulous maxilla 

 

Mandible 

The mandible (mandibula), unpaired, horseshoe-shaped, is the only movable bone 

among the bones of the skull. It consists of two symmetrical halves, which completely fuse 

into one bone at the end of the first year of life. It consists of the body of the lower jaw (corpus 

mandibulae) and two branches (rami mandibulae) (Fig. 3.3).  

 

 

Fig. 3.3 Structure of the lower jaw 

 



The alveolar wall consists of hard and compact laminae, between which there is a 

spongy substance in the lower part of the alveolus. The bone tissue of the lower jaw is 

significantly heterogeneous. The processes of atrophy of the lower jaw in case of complete 

tooth loss are caused by a number of factors (age, muscle loads, shape of the facial skeleton, 

state of metabolic processes, wearing dentures, their type, etc.). 

 In different areas, the rate of atrophy is different and in the lateral parts of the jaw is 

more pronounced than in the chin. The thickness of the compact and spongy substance along 

the entire length of the lower jaw is not the same. In the area of the larger angular teeth, the 

outer compact plate is almost half as thick as the inner one, in the area of the small angular 

teeth they are approximately the same thickness, starting from the canine, there is a thickening 

of the inner compact plate and thinning of the outer one. The vestibular wall of the alveolus of 

the lower incisors and canines is thin and almost entirely consisting of compact substance. The 

difference in the structure of bone tissue in different parts of the jaw determines its mechanical 

properties – the spongy substance appears in the lower third of the root length in the form of 

bone beams, the location of which depends on the load performed by the lower jaw during 

chewing. The largest number of bone beams is observed in places of maximum loads: the 

socket of the teeth, the angle of the lower jaw and the articular process. The shape of the cross 

section of the mandible body in different parts is different due to the different number and 

position of the teeth and has a triangular shape over a large area, with the base of the front teeth 

facing downward, and in the area of the larger angular teeth – with the base facing upward 

(Zenkin D.I., 1993; Popova A.O., 2000; Patterson E.A., Brooke-Smith W., Johns R.B., 1989). 

In case of complete loss of teeth there are pronounced functional disorders in the maxillofacial 

system, which are accompanied by atrophy of the bones of the facial skeleton and soft tissues. 

The body and branch of the lower jaw become thinner, and the angle of the lower jaw is blunter 

compared to jaws with preserved teeth. The process of lowering and raising the lower jaw 

allows to preserve the cortical substance of the bone, and if resorption processes occur, it is 

mainly in the spongy substance. As a result of atrophic phenomena, thinning of the bone beams 

of the spongy substance and the outer cortical layer, the resistance of the lower jaw decreases, 

it becomes thin and crooked. 

In the area of the mandibular symphysis on the oral side there are vessels, including the 

hyoid branch of the lingual artery, forming a connection with the submandibular branch of the 

facial artery and anastomoses with smaller vessels of the muscles of the anterior group, which 

extend from this part of the bone. In the distal part of the lower jaw, where teeth are missing 

most often, the bone can be different in shape and quality. In addition, in such a situation there 



is always a danger of damaging the lingual nerve. This is evidenced by pathological studies, in 

which in 17.6% of corpses the nerve was found under the mucous membrane at the level of the 

alveolar part and above it, and in 62% it was directly adjacent to the bone (Kiesselbach J.E., 

Chamberlain J.G., 1984). The closest mandibular canal is located in the area of the first molars 

(Ulm S. et al., 1990).  

The chin protrusion is laterally limited by the chin foramen, which serve as a place of 

exit of the chin nerves, blood vessels, and is located between the first and second premolars. 

When placing implants in this area, you need to be careful – n. mentalis very often makes the 

so-called "loop", which is not visible on the radiograph.  

A wide variability of the position of the mandibular canal and the chin foramen has 

been established (Smirnova V.G., Kuznetsova L.V., 1969). With atrophy of the alveolar part 

of the mandible, the lower alveolar nerve shifts to the lingual side. Significant atrophy of the 

bone of the alveolar part can lead to such exposure of the nerve and displacement of the chin 

foramen that they will be on the surface of the alveolar arch. This situation makes implantation 

impossible without prior plastic surgery of the alveolar ridge, nerve repositioning and other 

additional manipulations (Smirnov V.G., Kuznetsova L.V., 1969; Robustova T.G., 2003). 

The placing of implants in the distal part of the lower jaw is particularly difficult. Some 

clinicians recommend nerve transposition before dental implantation (Ailing S., 1977; Jensen 

J., Nock D., 1987). 

Atrophy of the alveolar part of the mandible after tooth extraction is mainly due to the 

spongy substance, in which the amount of red and yellow bone marrow decreases. 

Atrophy of alveolar processes and reduction of jawbone volume cause significant 

topographic and anatomical changes in the oral cavity. The progenic ratio of the jaws is formed, 

the ratio of the alveolar processes in the lateral parts of the jaw changes. Approximately in 80-

94% of patients the depth of the anteroinferior part of the oral cavity significantly decreases, 

in 25% of patients the position of the frenulum of the lips and tongue changes (Scott R., Olson 

R., 1986). All this complex of morphological changes creates additional difficulties in the 

treatment of patients with partial and complete absence of teeth. 

Opinions about the sufficiency of bone for implant placement in the area of the chin 

foramen of the lower jaw are different. P. Worthington (1992) believes that at a distance of 7 

mm from the edge of the alveolar ridge to the lower edge of the base of the edentulous jaw, 

implants can be placed. Instead, P. Tetsch (1991) emphasizes that this distance should be at 

least 12 mm.  



The lower jaw is characterized by two completely different anatomical areas – the area 

of the chin or symphysis and the area of the body of the lower jaw. These areas are separated 

by the chin foramen. The most favorable for implantation, from an anatomical point of view, 

is the area of the symphysis. There are no anatomical formations, except for a thin branch of 

the incisor nerve, which could be damaged during implant placement.  

Damage to the incisal branch does not cause, of course, any complications and only 

sometimes, when the branch is damaged closer to the chin opening, temporary anesthesia is 

observed for several weeks. 

The hyoid artery, having separated from the lingual artery, supplies blood to the chin 

and hyoid muscle. Damage to this artery causes bleeding for several hours. To prevent this 

complication, it is necessary to carefully detach the muco-osseous piece from the tongue and 

be careful when passing the cortical plate. 

The submandibular artery is a branch of the facial artery. Theoretically, damage to this 

artery is possible, but such cases are not reported in the literature.  

The submandibular foramen is usually located between the I and II premolars in the 

middle of the mandibular body height. Its topography may change in case of complete tooth 

loss. Damage to the mucosal – nerve bundle can be observed when the muco-osseous piece is 

exfoliated, soft tissues are stretched by hooks to improve the view of the surgical field, 

compression of the neurovascular bundle during implant placement. As a result, temporary or 

permanent parasthesia or anesthesia (numbness) may develop. 

The inferior alveolar nerve can be damaged at the time of formation of the implant bed. 

Of course, a cyst layer of 2 mm between the implant and the anatomical formation is sufficient 

to avoid complications. 

It is difficult to damage the facial artery in the frontal area, knowing its topography. 

However, when placing the implant in the body of the lower jaw, it can be injured by a sharp 

instrument during careless movement. 

Temporomandibular joint 

Temporomandibular joint is a joint formed by the temporal and mandibular bones. The 

structure of the temporomandibular joint has many common features with other human joints 

and at the same time is characterized by some anatomical and functional features. 

The elements of the mandibular joint are: mandibular fossa; articular tubercle; 

mandibular head and condyle; articular disc; articular capsule; mandibular articular ligaments. 

 



 

Fig.3.4. Temporomandibular joint: a – superior articular cleft; b – inferior articular 

cleft; c – articular tubercle; d – articular capsule; e – articular disc; f – mandibular head. 

 

The mandibular fossa and the articular tubercle are part of the temporal bone; the 

mandibular head and the condyle belong to the mandibular bone. The right and left articulation 

physiologically form one system, movements in them occur simultaneously. 

The mandibular fossa is bounded in the front by the articular tubercle, in the back by a 

part of the temporal bone, and outside by the zygomatic process. The arch of the mandibular 

fossa is formed by a thin bone plate that separates the joint from the cranial cavity. The posterior 

arch of the fossa borders with the tympanic cavity, in which the elements of the middle and 

inner ear are located. Such a close anatomical connection of the tympanic cavity and the 

articular fossa contributes to the transition of the inflammatory process to the mandibular and 

other parts of the joint in childhood in severe forms of purulent inflammation of the middle ear. 

The dimensions of the mandibular fossa are larger than the diameter of the mandibular head, 

so there is incongruence (discrepancy between the shape of the head and the shape of the fossa). 

The congruence of the joint surfaces is achieved by narrowing the size of the fossa due 

to the attachment of the joint capsule not outside the fossa (as in other joints), but inside it – at 

the anterior edge of the stony-drum fissure of the temporal bone and the presence of a biconcave 

disc in the joint cavity. The depth of the articular fossa varies from person to person. It changes 

with age: in newborns, the fossa is flat, then its depth increases and is established in custom 

sizes until about 6 years of age. 



The articular tubercle is formed by thickening of the posterior part of the zygomatic 

process of the temporal bone. With vertical movements of the lower jaw, the head of the lower 

jaw slides on the posterior surface of the tuberosity, with the mouth maximally open, the head 

is set on the posterior surface of the tuberosity at its apex. The articular tubercle undergoes 

complex age-related changes. In newborns it is absent, the first signs of its appearance are 

determined by the end of the first year of life, its development within the custom size and shape 

is completed by about 6-7 years. The articular tuberosity reaches the greatest development in 

middle-aged people with intact dentition. With age and tooth loss, the height of the articular 

tubercle decreases. With low tuberosities, dislocations and subluxations are more common. 

The head of the lower jaw has an ellipsoidal shape, it is elongated in the transverse 

direction and narrowed in the sagittal direction. Shapes and sizes of the head have significant 

age and custom variability. The articular disc is constructed of coarse fibrous tissue. It has a 

biconcave shape, which causes congruence of the articulating surfaces. The disc isolates the 

head of the lower jaw from the fossa throughout, so the joint cavity is divided into two floors 

– upper and lower. The disc is positioned in such a way that the head slides on the back surface 

of the tuberosity. As a result, the greatest pressure at the time of the chewing act falls on the 

tubercle, and not on the thin bone plate that forms the back of the arch of the mandibular fossa. 

The articular disc, being a soft, elastic pad, absorbs the force of chewing pressure that falls on 

the adjacent hard articular surfaces. 

The joint capsule is an elastic connective tissue membrane that regulates the movement 

of the head in the mandibular fossa. The joint capsule consists of two layers: outer – fibrous 

and inner – endothelial. The cells of the endothelial layer produce synovial fluid, which causes 

the sliding of the articular surfaces and serves as a biological protection of the joint against 

infection. The joint capsule is characterized by high strength and elasticity and does not break 

even with complete dislocations of the joint, while in other joints this is often observed. The 

anterior wall of the capsule is attached in front of the articular tuberosity, and the posterior wall 

is attached to the stony-drum gap, reducing the size of the articular fossa. The space between 

the posterior wall and the posterior surface of the mandibular fossa is occupied by loose 

connective tissue, which allows the movement of the lower jaw backwards and acts as a shock 

absorber with increased functional load on the joint. The thickness of the joint capsule is 0.4-

1.7 mm. The thinnest are the front and inner parts of the capsule. Its thickened posterior part is 

obviously an antagonist of the external wing-like muscle, which pulls the disc and the head of 

the mandible forward. The capsule has the greatest length in front and outside. Apparently, in 



this regard, anterior dislocations of the mandibular head are observed much more often than 

posterior dislocations. 

The ligaments of the temporomandibular joint regulate the movements in the joint and 

are divided into intracapsular (anterior and posterior discoccipital, lateral and medial 

discomandibular) and extracapsular (lateral, sphenoid mandibular and stylo-mandibular). The 

ligaments of the joint, especially the extracapsular ligaments, prevent the joint capsule from 

stretching. They consist of fibrous inelastic connective tissue, so after overstretching, their 

original length is not restored. 

The ligamentous apparatus in inflammatory diseases of the joint restricts movement in 

the joint, scarring changes in the ligaments can cause almost complete loss of mobility of the 

jaw. 

Blood supply to the joint is carried out by branches of the internal jaw artery. Collaterals 

between the branches of the artery are weakly expressed, the veins of the joint are widely 

anastomosed with the veins of the ear. 

Movements in the temporomandibular joint. 

Normally, all movements of the articular heads in the joint sockets are combined and 

have the following components: vertical – corresponds to the opening and closing of the mouth, 

sagittal – forward and backward movement of the lower jaw, lateral or transversal – 

displacement of the jaw to the right and left. 

Normal movements of the lower jaw are similar to moving in a circle or ellipse. 

Pathological changes and anomalies in the dentition and teeth lead to a decrease in the 

amplitude of movements and an increase in their number. 

A feature of the movements of the mandibular head is a combination of translational 

and rotational movements in the joints. Any movement in the joint begins with a translational 

movement – sliding of the head along the posterior slope of the articular tuberosity, then joins 

the rotational movement around the horizontal axis of the head. This characteristic functional 

feature distinguishes the temporomandibular joint from other joints of the human skeleton. It 

is due to the presence of articular disc in the joint cavity, which divides the joint cavity into 

two chambers. In the upper chamber, translational movements occur, and the head moves down 

the posterior slope of the articular tubercle. In the lower chamber, rotational movements around 

the horizontal axis occur simultaneously. Thus, the two parts of the joint, isolated from each 

other by the disc, are united in performing the function, as multidirectional movements in the 

joint occur simultaneously. 



Another functional feature of the temporomandibular joint is the synchronization of 

movements in the two joints, as both joints (right and left) are connected by an unpaired 

mandibular bone. This feature should be taken into account when diagnosing diseases of the 

temporomandibular joint. For example, with the usual dislocation of one joint, the function of 

the other joint is always impaired. The complexity of the structure and function of the 

temporomandibular joint should be seen in the variety of food that a person eats and the variety 

of movements of the lower jaw necessary for crushing and grinding it. Starting from the 

moment when the dentition is formed, and until old age, the temporomandibular joint continues 

to be in the sphere of influence of the chewing function. During this time, it repeatedly adapts 

to changes in functional stress. For example, the joint of an elderly person is forced to adapt to 

new functional demands due to the loss of molars. Therefore, the joint of a person who has lost 

molars is different in details from the joint of a person who has them. With the complete loss 

of teeth due to changes in the amplitude of movements of the lower jaw, as well as the activity 

of the chewing muscles, the joint is rebuilt again, adapting to new conditions. 

Muscular apparatus 

The muscles of the maxillofacial region are divided into several independent groups: 

mimic, chewing, tongue, soft palate, pharynx muscles. All these muscles are involved in 

various functions of the oral cavity. For example, facial muscles are mainly involved in facial 

expressions, breathing and speech, less in chewing, and masticatory muscles – mainly in 

chewing, speech and less in breathing. 

Facial muscles. The contractions of these muscles give the face certain emotionally 

colored expressions, the change of which is called facial expressions. 

Facial expressions mainly depend on the facial skeleton, the degree of muscle 

development, skin thickness, subcutaneous tissue. The function of facial muscles can be 

increased by constant training (for example, in artists). 

Mimic muscles, obeying impulses, are the predominant expressors of mental processes 

in the body. In addition, facial expressions can change in various pathological conditions – 

unilateral paralysis of the facial nerve, complete loss of teeth, agony ("Hippocratic mask"). 

Facial muscles are similar in function to masticatory muscles. They are involved in the 

formation of sounds, grasping food, holding it in the mouth, closing the mouth when chewing. 

These muscles play a special role in infants during sucking and when taking liquid food. 

Facial muscles originate on the bone or fascia and are interwoven into the skin of the 

face. Due to this feature, wide gaping wounds occur in case of facial injuries. 

Masticatory muscles 



The masticatory muscles include: 1) masseter muscle, which lifts the lower jaw, pushes 

it forward and shifts it to its side, 2) temporalis muscle, which provides lifting of the lower jaw 

and return of the forward jaw back; 3) lateral wing-shaped muscle, which pushes the lower jaw 

forward with bilateral contraction, and with unilateral contraction shifts the jaw to the side 

opposite to the contracted muscle; 4) medial wing-shaped muscle, with unilateral contraction 

shifts the lower jaw to the opposite side, with bilateral contraction – lifts it. The masseter 

muscles are attached at one end to the fixed part of the skull, and at the other end to the only 

movable bone of the skull – the mandible. When contracted, they cause a change in the position 

of the lower jaw in relation to the upper. 

These muscles belong to the main masticatory muscles. In addition, there are auxiliary 

muscles that provide movements of the lower jaw: the chin-pterygoid, maxillary-pterygoid and 

anterior abdomen of the bicuspid muscle. These muscles lower the lower jaw. 

The oral mucosa is the initial secretory department of the digestive tract. In all its parts, 

where there is a submucosal base, there are small salivary glands in the form of a cluster of 

glandular cells. The largest number of small salivary glands is located in the submucosa of the 

lips and soft palate. These glands play an important role in the physiology of the oral cavity. 

They moisturize the mucous membrane, and in the pathological process are often the area of 

primary damage. 

The gingival sulcus is lined with epithelium attached to the enamel cuticle. The place 

of attachment of the epithelium to the enamel is called the gingival attachment. Gingival 

attachment is considered as a functional unit consisting of 2 parts: 

- the epithelial attachment, or connective epithelium, which forms the bottom of the 

gingival sulcus, is above the enamel-cement junction on the enamel. The width of the epithelial 

attachment is from 0.71 to 1.35 mm (average – 1 mm); 

- connective tissue fibrous attachment, which is at the level of the enamel-cement bond 

on the cement. The width of connective tissue attachment is from 1.0 to 1.7 mm (average – 1 

mm). 

For the physiological attachment of the gingiva to the tooth and for a healthy 

periodontal condition, the gingival attachment should be at least 2 mm wide. This size is 

defined as the biological width of the gingiva. The depth of the anatomical gingival sulcus is 

less than 0.5 mm, determined only histologically. 

Clinical gingival sulcus 1-2 mm deep is determined by probing. Epithelial attachment 

is weak and can be destroyed by probing or other instruments. For this reason, the clinical depth 

of the gingival sulcus is greater than the anatomical depth. Disruption of the connection 



between the attachment epithelium and the enamel cuticle indicates the beginning of 

periodontal pocket formation. 

Histologically, the gingiva consists of 2 layers: 

- multilayer squamous epithelium, 

- own plate of the gingival mucosa. 

There is no submucosal layer. 

Structure of the multilayer squamous epithelium of the oral cavity: 

- basal layer – consists of cylindrical cells located on the basal membrane; 

- spinous layer – consists of polygonal cells, which are interconnected by 

hemidesmosomes; 

- granular layer – cells are flat, contain keratohyaline grains; 

- stratum corneum – cells are flat, without nuclei, keratinized, constantly exfoliating. 

The basal layer is located on the basal membrane, which separates the epithelium from 

the gingival mucosa itself. 

In the cytoplasm of cells of all layers of the epithelium, except the stratum corneum, 

there is a large number of tonofilaments. They determine the turgor of the gingiva, which resists 

the mechanical load on the mucous membrane and determines its extensibility. The epithelium 

of the marginal gingiva is keratinizing, which makes it more resistant to mechanical, 

temperature and chemical influences during food intake. 

Histological structure of the attachment epithelium.  

The attachment epithelium consists of several (15-20) rows of oblong cells located 

parallel to the tooth surface. 

There are no blood vessels and nerve endings in the gingival mucosa epithelium. 

Histological structure of the gingival mucosa own plate. 

The lamina propria is a connective tissue formation consisting of two layers: 

- superficial (papillary), 

- deep (reticular). 

The papillary layer is formed by loose connective tissue, the papillae of which go into 

the epithelium. In the papillae there are blood vessels and nerves, nerve endings. 

The reticular layer is formed by denser connective tissue (contains more fibers). 

The composition of connective tissue: 

- the main substance is the intercellular matrix (35%), formed by macromolecules of 

proteoglycans and glycoproteins. The main glycoprotein is fibronectin, which provides the 



connection of protein with the cell matrix. Another type of glycoprotein – laminin – provides 

the attachment of epithelial cells to the basement membrane. 

- fibers (collagen, argyrophilic) – 60-65%. Fibers are synthesized by fibroblasts. 

- cells – fibroblasts, polymorphonuclear leukocytes, lymphocytes, macrophages, 

plasma cells, smooth and epithelial cells. 

The gingiva is supplied with blood from the subgingival vessels, which are the terminal 

branches of the hyoid, chin, facial, great palatine, submandibular and posterior maxillary 

arteries. There are many anastomoses through the periosteum with the vessels of the alveolar 

bone and periodontium. 

Gingival microcirculation is represented by: arteries, arterioles, precapillaries, 

capillaries, postcapillaries, venules, veins, arteriovenular anastomoses. 

Capillaries of the gingival mucosa are characterized by 

- the presence of a continuous basal membrane, 

- presence of fibrils in endothelial cells, 

- lack of fenestration of endothelial cells. All this indicates a large volume of exchange 

between blood and tissues. 

- capillary diameter is 7 microns, 

- in marginal gingiva capillaries look like capillary loops (hairpins) arranged in regular 

rows, 

- in the alveolar gingiva and transitional fold there are arterioles, arteries, venules, veins, 

arterio-venular anastomoses. Blood circulation in the gingival vessels is carried out due to the 

difference in vascular pressure inside. The arterial capillaries (where the pressure is 35 mmHg) 

filter water, oxygen and nutrients into the tissue (where the pressure is 30 mmHg), and the 

venous capillaries filter water, carbon dioxide and metabolites into the venules (where the 

pressure is only 20 mmHg). 

The intensity of blood circulation in the gingiva is 70% of the intensity of blood 

circulation of all periodontal tissues. The partial pressure of oxygen in the capillaries of the 

gingiva is 35-42 mm of mercury. 

Between the cells of the stratified squamous epithelium there is the main gluing 

substance of connective tissue (matrix), which includes glycosoaminoglycans (including 

hyaluronic acid). Hyaluronidase causes the depolymerization of glycosoaminoglycans of the 

main substance of connective tissue, destroying the bond of hyaluronic acid with protein, as a 

result of which the hyaluronic acid molecule changes its spatial configuration, pores are formed 



and the permeability of connective tissue to various substances, including microbes and their 

toxins, increases. 

Protective function of normal oral microbial flora. 

The local immunity of the oral cavity is a complex multicomponent system that includes 

specific and nonspecific components, humoral and cellular factors that protect the tissues of 

the oral cavity and periodontium from microbial aggression. 

Humoral factors of local immunity of the oral cavity: 

- lysozyme – causes depolymerization of polysaccharides of the cell membrane of 

microorganisms; 

- lactoperoxidase – forms aldehydes that have a bactericidal effect; 

- lactoferrin – competes with bacteria for iron, has bacteriostatic effect; 

- mucin – promotes adhesion of bacteria to epithelial cells; 

- beta-lysines – act on the cytoplasm of microorganisms, promoting their autolysis; 

- immunoglobulins (A, M, G) – come from the blood serum by passive diffusion 

through the intercellular spaces of the gingival sulcus and through the epithelial cells. 

The main role is played by immunoglobulin A (IgA). The secretory component SC of 

immunoglobulin A is synthesized by the epithelial cells of the salivary glands' excretory ducts. 

Immunoglobulin A binds to the secretory component in the oral fluid and is fixed on the 

epithelial cells, becoming their receptor, and gives the epithelial cell immunospecificity.  

Immunoglobulin A binds to the bacterial cell, thus preventing bacteria from settling on 

the surface of the teeth, and reduces the rate of plaque formation. 

Cellular factors of local immunity of the oral cavity: 

- polymorphonuclear leukocytes – are secreted in the gingival fluid from the gingival 

sulcus in an inactive state. Neutrophil leukocytes have special receptors for binding to bacterial 

cells. Leukocytes are activated in combination with antibodies, complement, lactoferrin, 

lysozyme, peroxidase. 

- monocytes (macrophages) – phagocytose microorganisms of the oral cavity, secrete 

substances that stimulate leukocytes. 

- epithelial cells of the gingival mucosa – have special receptors for binding to the 

microbial cell. 

- salivary mucin promotes adhesion of microbial cells and fungi to the surface of the 

epithelial cell. 



Constant exfoliation of epithelial cells with microorganisms blocked on them promotes 

the removal of microbes from the body and prevents their entry into the gingival sulcus and 

deeper into periodontal tissues. 

The oral cavity throughout human life is the entrance gate for a large number of 

microorganisms penetrating with food, breathing, etc. In total, there are more than 30 species 

of different microorganisms. The variety of microbial forms is explained by favorable 

conditions in the oral cavity for their reproduction: slightly alkaline reaction, uniform humidity, 

the presence of protein and carbohydrate food residues. The oral microbial flora is mainly 

represented by gram-positive and less often gram-negative bacteria. Despite the relative 

stability of the microbial flora, it can change in each healthy person in different periods of life. 

The fetal oral cavity is sterile, the microbial flora enters it when the child passes through the 

birth canal and after the first feeding. The predominantly aerobic nature of the oral microbial 

flora remains until the first teeth erupt. When teeth appear in a child, anaerobic bacteria are 

found in the oral cavity, the number of gram-negative forms increases, and the microbial 

composition acquires the same character as in an adult. This is due to the presence of dental 

alveoli and crypts that create favorable conditions for the growth of anaerobic bacteria. 

Toothless mouths are characterized by a decrease in anaerobic flora; the number of microbes 

increases in persons wearing dentures. 

The number of microorganisms in the human oral cavity after birth is determined by 

many different factors, primarily by the general condition of the macroorganism: healthy 

people have fewer of them than patients. At the same time, there are more antagonist microbes 

in healthy people, which has a significant impact on the total number of microorganisms in the 

oral cavity. 

Thus, the normal microbial flora of the mouth performs a protective function, 

preventing the reproduction of microorganisms introduced from the environment. If the 

development of microorganisms in the oral cavity is suppressed (for example, when taking 

antibiotics), dysbacteriosis occurs, that is, an imbalance between the permanent inhabitants of 

the oral microbial flora and the growth of random flora. Thus, bacterial antagonism is an 

essential factor of antibacterial protection of the oral mucosa. 

The protective function of the oral mucosa includes the ability of leukocytes involved 

in phagocytosis to penetrate through the physiological gingival pocket. Normally, 1 ml of saliva 

contains 4000 leukocytes, and about 500,000 of them migrate into the oral cavity per hour. 

With a pathological process in the oral cavity, the number of leukocytes increases. 



Regeneration of the oral mucosa reflects its physiological state. During the day, a large 

number of squamous epithelial cells are exfoliated. Regeneration of the epithelium occurs as a 

result of constant mitotic division of cells of the basal and spinous layers. The rate of epithelial 

regeneration is determined by the value of the mitotic index, which varies depending on the 

time of day, age and gender. 

The increased regenerative capacity of the oral mucosa is due to the early appearance 

of glycogen in it, increased RNA content, as well as the accumulation of acidic 

glycosaminoglycans. Rapid healing of oral mucosa wounds is also due to the presence of low-

differentiated cellular elements, tissue immunity and antibacterial properties of saliva. 

Buffering properties of the oral mucosa consist in neutralization of acidic and basic 

compounds and rapid restoration of the pH of the oral environment. Buffering properties 

depend on the presence and thickness of the stratum corneum and salivary glands secretion. 

They change in the presence of pathological processes in the organs of the oral cavity, while 

the pH changes in the acidic or basic side. 

Turgor and physical strength of the oral mucosa are determined by the ability to 

withstand pressure, compression, stretching. Turgor is due to the hydrophilicity of the mucous 

membrane, its elasticity, which depends on the state of elastic and collagen fibers and the 

development of adipose tissue in the submucosa. 

Thus, the oral mucosa has a barrier function, which is due to various anatomical and 

functional factors. These include: uneven keratinization, mitotic activity of epithelial cells and 

increased ability to regenerate, high activity of metabolic processes, glycogen accumulation, 

the presence of a large number of cellular elements in the own layer of the mucous membrane 

and the migration of leukocytes into the oral cavity, bactericidal action of saliva components, 

symbiosis and antagonism of microbial flora, selective absorption capacity and physical 

strength of the mucous membrane, etc. 

To ensure long-term functioning of the implant, it is necessary to reliably separate the 

soft tissues adjacent to its neck from irritants that may be in the oral cavity due to a dense 

connective tissue connection.  

Keratinized gingiva has more hemidesmosomes at the junction on the suprastructure. 

Consequently, the area of connective epithelium that is present in the keratinized tissue is more 

reliable, and the color and contour of the soft tissues around the implants are identical to those 

around the natural teeth. Schroeder (1981), McKinney (1988), Warrer et al. (1995) found that 

the absence of keratinized attached gingiva at the implant site leads to inflammation of the 



tissues adjacent to the implant and also causes a disruption of the attachment between the 

implant and the epithelium by plaque.  

Deficiency of this morphogenetic type of soft tissue is most often present after:  

1. Carrying out the second stage of implantation; 

2. Fixation of the abutment or prosthetic structure (Brånemark, 1985); 

3. Long period of adentia; 

4. Carrying out augmentation measures on the jaw bones, as well as in the distal parts 

of the lower jaw.  

Attached gingiva has the following advantages: 

1. Keratinized gingiva are more resistant to deposition, which makes it possible to use 

various hygiene products; 

2. Keratinized gingiva are easier to work with at the stages of obtaining an impression; 

3. Collagen fibers in the connective tissue around the implant are directed perpendicular 

to its surface, and in the mobile mucosa – parallel; 

4. Two-stage implantation reduces the likelihood of premature exposure of the implant; 

5. The formation of gingival papillae in the mobile mucosa is unpredictable; 

6. Warrer et al. have shown in their studies that the absence of attached keratinized 

gingiva increases the resistance of the tissues around the dental implant to plaque-induced 

destruction; 

7. Thick keratinized gingiva provide the best opportunity to obtain an aesthetic gingival 

contour that mimics the convexity of natural teeth.  

If there is a strip of attached keratinized gingiva 4-5 mm wide on the alveolar ridge, it 

makes it possible to increase its volume around the implant by splitting and shifting the flap 

apically; when placing the implant on the upper jaw, it is possible to recreate the attached 

gingiva with a vascularized flap on the stem, etc. 

 

3.2. Structure of bone tissue. Architectonics of the bones 

 

Bone architecture is a characteristic of the organization and quantitative ratio of the 

structural elements of the spongy and compact layers. The degree of atrophy of the alveolar 

ridge should be considered in terms of the possibility of using a particular implantation method.  

Bone tissue is a specialized type of connective tissue, a feature of which is a high degree 

of mineralization of the intercellular substance (up to 70% of inorganic compounds, among 



which the most calcium salts – hydroxyapatites). Bone tissue is composed of cells (osteoblasts, 

osteocytes, osteoclasts) and intercellular substance (osein fibers and osteomucoid). 

Osteoblasts 

These are young, functionally active bone cells. In mature bone, the places of their 

localization are: 1) periosteum; 2) endosteum; 3) osteon channels. In the process of bone tissue 

development, they are located on the surface of bone beams that form (Fig. 3.5). 

The precursors of osteoblasts are osteogenic cells. They are of mesenchymal origin and 

in mature bone are located in the same areas as the osteoblasts formed from them. Osteogenic 

cells lie in close proximity to the capillaries of the periosteum, endosteum and osteons, so they 

are often called perivascular cells. The population of osteogenic cells can be replenished by 

hematogenous precursors of stromal mechanocytes. Osteogenic cells are bipotent: at high 

partial pressure of oxygen in tissues they turn into osteoblasts, at low – into chondroblasts. This 

circumstance explains the frequent development of cartilage in post-traumatic bone 

regeneration. Osteoblast differentiation is the main one in bone tissue and includes cells of the 

following stages of development: osteogenic cells (perivascular cells) preosteoblasts 

osteoblasts osteocytes. 

Transformation of osteogenic cells into osteoblasts is induced by bone morphogenetic 

proteins. In turn, osteoblasts are divided into active and quiescent cells.  

 

 



Fig. 3.5. Structure of bone tissue 

 

With the help of cell adhesion molecules, osteoblasts are closely connected with the 

intercellular substance. 

An increase in the load on the bone leads to the formation of a negative charge in the 

extracellular matrix, which stimulates osteoblasts, their production and mineralization of the 

extracellular matrix. Therefore, people who work physically have higher bone volume than 

people who work mentally. 

Resting osteoblasts are located in the endosteum and periosteum of adults, in the 

endosteum of growing bone, as well as in the areas of bone tissue remodeling in the phase of 

its development. They have an elongated shape, oriented parallel to the mineralized bone 

matrix, lie separately. In the cytoplasm there are narrow cisterns of granular endoplasmic 

reticulum and Golgi complex, developed autophagosome system. In general, organelles in 

osteoblasts are reduced in the resting state. These cells cover most of the bone surface. At the 

same time, they are in close contact with each other and with osteocytes, forming a single cell 

system, the main function of which is to maintain mineral homeostasis. During bone 

remodeling, resting osteoblasts are stimulated and actively participate in the processes of bone 

formation. 

The functions of all three types of osteoblasts are: 1) biosynthesis of organic 

components of intercellular substance (osteoid). These components include collagen type I 

(90% of all proteins), collagen III IV, V, IX and XIII types (5% of proteins); glycoproteins 

osteocalcin, osteonectin, etc. 2) secretory function: biosynthesis of various growth factors, 

including bone morphogenetic proteins, various cytokines that regulate the activity of other 

cells. 3) mineralization of organic matrix (osteoid). Osteoblasts carry out osteoid mineralization 

by two mechanisms. 

А. By secretion of the enzyme alkaline phosphatase; 

B. By secretion of matrix bubbles. 

In the first case, osteoblasts secreting alkaline phosphatase provides a local increase in 

Ca2
+ concentration by cleaving it from the phosphoproteins of the basic substance. Before that, 

phosphoproteins in special areas bind to collagen fibrils and react with calcium ions. The 

cleavage of calcium phosphates by alkaline phosphatase leads to the formation of 

hydroxyapatite crystals, which are oriented along the collagen fibers and are further 

crystallization zones (nucleation). The growth of primary nuclei occurs by further orderly 

attachment of ions to the crystallization nuclei. In addition to collagen and phosphoproteins, 



glycoproteins of the basic substance (osteonectin, osteocalcin, etc) have affinity to mineral 

substances. 

 

 

Fig. 3.6. A. Matrix vesicles. B. Enzymes on the surface of vesicles. C. Histochemical 

demonstration of calcium adenosine triphosphatase activity on the vesicle surface 

 

The second mechanism of mineralization is that osteoblasts secrete matrix vesicles – 

small vesicles up to 200 nm in size, containing high concentrations of calcium phosphate, 

alkaline phosphatase and lipids. After secretion into the intercellular substance, the matrix 

bubbles are destroyed, the released alkaline phosphatase cleaves phosphoric acid from organic 

phosphates, which, together with calcium phosphate contained in the matrix bubbles, forms 

hydroxyapatite crystals, which are the nuclei of crystallization. As a result of mineralization, 

up to 95% of calcium salts are bound to collagen fibers, and only 5% interact with the molecules 

of the main substance (Fig. 3.6). 

2. Osteocytes. These cells are the main, numerically predominant cells of bone tissue. 

They are formed from osteoblasts, which, being surrounded by synthesized and mineralized 

intercellular substance, gradually lose their functional activity. There are three types of 

osteocytes (Fig. 3.7). 

 



 

Fig. 3.7. Osteocytes of bone tissue 

 

A) Osteocytes of the surface zones of the bone have the features of the structure that 

are characteristic of active type 2 osteoblasts. These are synthesizing osteocytes (type 1 

osteocytes). They have developed granular endoplasmic reticulum, Golgi complex, collagen 

and glycosaminoglycan synthesis. 

B) Osteocytes of deeper bone zones largely (but not completely) lose their synthetic 

activity. They have numerous (up to 100) processes of different lengths lying in the tubules of 

mineralized matrix and contain well-developed elements of the cytoskeleton responsible for 

the movement of processes and osteocytes themselves in the bone lacuna. In these cells, the 

granular endoplasmic reticulum is poorly developed, the Golgi complex, on the contrary, is 

well developed. A characteristic feature of this type of osteocytes is the development of the 

lysosomal apparatus. Lysosomal enzymes are always secreted into the intercellular space. This 

type of osteocytes has receptors for calcitonin parathormone. These are resorbing osteocytes 

that carry out the so-called physiological or osteocytic osteolysis. 

Osteocyte osteolysis is controlled by the parathyroid hormone parathyroid hormone, 

which stimulates it, and calcitonin, which has an inhibitory effect. Stimulation of osteocyte 

osteolysis also occurs with vitamin D deficiency. 

C) The third type of osteocytes – cells located in the deepest areas of the bone. These 

are aging, often subject to destruction osteocytes of the first and second types (degenerative 

osteocytes). To some extent, they can be involved in the biological process occurring in bone 

tissue. At the same time, it is believed that they can perform either osteolysis (destruction) or 

bone formation in a small amount. 



Osteocytes of all the described varieties lie in lacunae and contact each other with their 

processes (characteristic contacts with desmoses and nexuses). Due to this, a single network of 

interacting cells is created, connected by cell adhesion molecules with the intercellular 

substance. Due to the constant reduction of osteocyte processes, there is a constant movement 

and mixing of tissue fluid formed by filtering blood plasma from the bone vessels. This 

facilitates bone trophism. 

Thus, the functions of osteocytes are: 1) participation in the maintenance of mineral 

homeostasis, due to the fact that they carry out osteocyte osteolysis; 2) ensuring normal bone 

trophism; 3) participation in the physiological regeneration of bone tissue. 

3. Osteoclasts. These cells are formed from blood monocytes by their fusion to form 

giant multinucleated cells. They are macrophages of bone tissue and are able to destroy 

intercellular substance and dead bone cells. Due to the release of a large amount of minerals 

from bone tissue into the blood, osteoclasts are involved in the regulation of mineral 

homeostasis. 

Their location in the bone tissue is characteristic: these cells, unlike osteoblasts, which 

form epithelial-like associations, are always located alone in those parts of the bone that are 

subject to resorption. In this case, the cells lie in depressions in the bone tissue (Howschip`s 

lacunae) formed by them during osteolysis. The cytoplasm of the cells is oxyphilic or slightly 

basophilic, foamy.  

The bone matrix is composed of collagen fibers, built of type I collagen, and the basic 

substance. 

The intercellular substance is highly mineralized and consists of 70% calcium and 

phosphorus salts. These salts form hydroxyapatite Ca11(PO4)6(OH)2. 90% or more of the total 

volume of hydroxyapatite crystals in bone is associated with the surface of collagen fibrils and 

only less than 10% is in the basic substance. The basic substance consists of 

glycosaminoglycans, proteoglycans and glycoproteins. In pathology, mineralization of the 

intercellular substance can occur in any tissue when the concentration of calcium ions in it 

increases. 

Functions of bone tissue:  

1. Support-mechanical function – forms the skeleton of the body, which plays the role 

of support and movement of the body in space  

2. Protective function – due to the considerable strength of the bones of the skeleton, 

internal organs and tissues are protected from damage.  

3. Depot of minerals – calcium, phosphorus and other chemical elements. 



 

 

Bone tissue has a disordered arrangement of bundles of osein (collagen) fibers 

surrounded by oseomucoid, in the lacunae of which osteocytes lie. 

The lamellar bone tissue has a parallel arrangement of collagen fibers in the formed 

bone plates. Depending on the orientation of the plates in space, there are compact and spongy 

parts of this tissue.  

Compact bone tissue is part of the diaphysis of tubular bones, and spongy – in the flat 

and epiphysis of tubular bones. Membranous bone tissue is formed without cartilage germs. At 

the site of formation, accumulations of osteoblasts appear, which produce bone trabeculae – a 

network of thin bone elements that intertwine.  

Bone tissue is nourished by blood vessels that come from the periosteum through the 

feeding tubules and central channels of osteons. Osteon is a bone tube, in the central channel 

of which lies the so-called feeding vessel and localized osteoblasts and osteoclasts. Osteon is a 

morphofunctional unit of the compact part of the diaphase of tubular bone. Bone regeneration 

occurs due to low differentiated cells of periosteum and endosteum.  

Modern methods of computer diagnostics are widely used to study bone structures. 

Analysis of the data of spiral or cone tomography with subsequent 3D reconstruction of the 

image in the appropriate range of radiological density allows to determine the shape and linear 

dimensions of bone formations, calculate their volume, as well as to choose the optimal areas 

for the location of implants, fixators, osteotomies, bone grafts, etc. 

It is more difficult to determine the "quality" of the bone in the surgery area. To date, a 

number of classifications and methods of its evaluation have been proposed, however, there 

are disagreements in the literature regarding the content of this concept, its clear definition is 

absent (Johansson P., Strid K.G., 1994; Trisi P., Rao W., 1999; Paraskevich V.L., 2002; 

Bergkvist G. et al., 2010). 



Bone tissue is a dynamic open system, which is characterized by a complex multilevel 

organization, optimal for providing support-mechanical, protective and metabolic functions. 

Bone can change its structure and properties in the process of adaptive remodeling in 

accordance with the state of regulatory systems and local conditions in which it is located. As 

a result, it is characterized by significant custom and topographic variability of morphological 

structure, physical and mechanical properties, chemical composition and biological potential. 

According to these features, bone is very heterogeneous (Povorozniuk V.V., Mazur I.P., 2003; 

Kadurin O.K. et al., 2007; Bergkvist G. et al., 2010). Thus, the bone density in different parts 

of the intact mandible can vary from 0.9 to 2.2 g/cm3, and its elastic modulus – by >100 times 

(from 120 MPa to ≥16,000 MPa) (Shidlovskyi M.S. et al., 2010; Malanchuk V.O. et al., 2011). 

No less variable are the biological parameters of bone tissue – the quality and content of 

osteogenic progenitor cells and their colony-forming ability (Astakhova V.S. et al., 2002). 

Therefore, the authors' attempts to divide bone tissue into types according to its different 

properties are reasonable and necessary. 

Historically, the problem of determining the quality of jaw bone tissue was studied 

mainly in connection with the needs of dental implantation. The basic criteria for the creation 

of bone tissue classifications included custom parameters that had significant clinical 

significance and could be determined (directly or indirectly) with the necessary accuracy in the 

process of preoperative or intraoperative diagnosis (Johansson P., Strid K.G., 1994; Friberg B. 

et al., 1995; Trisi P., Rao W., 1999). At the same time, there was an almost complete 

identification of bone quality with these parameters, such as density, architectonics or mineral 

saturation, which is not quite correct, since the concept of bone quality is much broader. 

Mechanical and biological behavior of bone during surgery and in the postoperative 

period is determined by its basic properties: biochemical (content of mineral and organic 

substances and their ratio), morphological (degree of heterogeneity and peculiarities of 

topographical relations of different types of bone tissue), physical and mechanical (bone 

density, elastic modulus of the first and second order, Poisson's ratio, elastic limit and tensile 

strength, viscoelastic properties, which play an important role in the processes of bone 

adaptation to changed loading conditions, the degree of structural and mechanical anisotropy), 

biological (reparative potential, content and ratio of different types of cells per unit volume of 

bone, the level of its vascularization, remodeling activity, etc) For pathologically altered bone, 

in addition, the nature of structural and functional disorders and the degree of disorganization 

of its microstructure elements are important. 



All these parameters determine the quality of bone. They are interrelated, but the nature 

of these relationships is very complex, and therefore it is almost impossible to predict the 

peculiarities of the reaction of bone tissue to surgery based on any one criterion (for example, 

its density). Therefore, at the current level of theoretical understanding of the structure and 

function of bone tissue, the concept of "bone quality" should be considered as a collective 

integral concept, which is a certain generalized characteristic of architectonics, density, mineral 

saturation of bone tissue, its mechanical properties and biological potential. These parameters 

are quite variable, and their combination creates a huge number of different combinations. 

The consequence of this is the existence of a number of classifications that do not 

oppose but complement each other, as well as the emergence of new classifications as 

diagnostic methods improve and theoretical data on bone biology accumulate. In most cases, 

bone quality should be assessed based on the synthesis of several separate classifications that 

characterize it from different angles or by different features. 

Let us consider the most common classifications of bone types used in clinical practice. 

The first of them divided bone tissue by its density (Misch C.E., 1999; Turkyilmaz I. et al., 

2006; Bergkvist G. et al., 2010; Merheb J. et al., 2010). It is known that at the macroscopic 

level, bones are built mainly of dense cortical (compact) and porous spongy (spongiosis) tissue, 

which differ not only in density but also in morphological structure. However, the density of 

bone tissue within the cortical or spongy layer is also different. It largely depends on the 

conditions of functional loading: the greater the stress occurs in a certain area of the bone, the 

denser it becomes in the process of remodeling, adaptation of morphology to function 

(Paraskevich V.L. 2002; Povoroznyuk V.V., Mazur I.P., 2003). This regularity is described in 

Wolf's law, which is valid provided that the functional stress does not exceed the compensatory 

capacity of the bone. Pathological changes in bone tissue in various diseases and injuries also 

affect its density and mineral saturation (Shidlovsky M.S. et al., 2010). 

In this regard, C.E. Misch (1999) distinguishes 4 types of bone by its density: dense 

compact, porous compact, dense and loose spongy bone. It is sometimes difficult to clearly 

distinguish between these types, as dense cancellous bone has a density close to or the same as 

porous compact bone. 

It should be noted that from a histological point of view, all types of compact and 

cancellous bone belong to plastic bone tissue. It is characterized by an ordered structure with a 

common direction of collagen fibers, which are arranged in parallel layers, forming bone plates. 

Their orientation corresponds mainly to the average vector of static load and determines the 

maximum mechanical strength of bone tissue in a certain direction. However, in some areas of 



the bones, another histological type is found – coarse-fibrous bone tissue, characterized by a 

chaotic arrangement of collagen fibers, a lower content of mineral salts and an increased 

number of cellular elements, a high rate of formation, restructuring and metabolic processes. It 

is found in areas of bone sutures, in places of attachment of tendons and ligaments, in dental 

alveoli, areas of intensive bone formation, in immature bone regenerates. After surgeries and 

traumas, around the placed implants and fixators, coarse-fibrous bone tissue is formed in 

significant quantities, but it cannot be attributed to any of the types of bone presented in the 

above classification. Bone regenerates, even in the later stages of their maturation and 

compacting, when they are gradually replaced by plastic bone tissue, it is difficult to 

unambiguously attribute to cortical or cancellous bone. This is also inherent in the areas of 

bone grafts and bone replacement materials. 

The thickness and topographic proportions of the layers represented by different types 

of bone tissue differ in different parts of the jaws, which determines their custom organ-specific 

architecture. The most common classification of bone tissue on this basis is the classification 

of U. Lekholm and G.A. Zarb (1985), according to which there are 5 degrees of bone atrophy 

and 4 types of bone quality. 

A. The alveolar process of the maxilla or the alveolar part of the mandible is not actually 

atrophied. 

B. Slight atrophy of the alveolar process or alveolar part. 

C. Increasing atrophy of the alveolar process or alveolar part. 

D. Initial atrophy of the jaw body. 

E. Deep atrophy of the jaw body. 

According to this classification, the cortical and spongy substance of the jaws in the 

area of possible implantation is evaluated for bone quality. 

Type I – is represented almost exclusively by homogeneous dense compact bone. 

Type II – characterized by the presence of a thick compact layer surrounding the dense 

cancellous bone. 

Type III – thin, porous cortical layer surrounding cancellous bone with a well-

developed trabecular meshwork. 

Type IV – thin cortical layer surrounding the cancellous bone with low density (Fig.3.8) 

 



 

Fig. 3.8. Classification of jaw atrophy types and bone quality according to U. 

Lekholm and G. Zarb (1985). 

 

Classification of bone tissue according to C. Misch 

Bone type Advantages and disadvantages 

D1 Thick compact bone Localization: 

Anterior segment of the edentulous lower 

jaw 

Advantages: good stabilization of implants; 

good bone-implant contact. 

Possible inconveniences: weaker blood 

supply (prolongation of the engraftment 

phase); it is more difficult to prepare the 

seat area for the implant, likely overheating 

of the bone. 

D2 Thick porous compact bone – porous 

trabecular core. 

Localization: Anterior and posterior 

segments of the lower jaw, anterior 

segments of the upper jaw. 

Advantages: good stabilization; • good 

blood supply; relatively easy to prepare the 

seat area for the implant. 



D3 Thin porous compact bone. Weakened 

bone structure 

Localization: Anterior and posterior 

segments of the upper jaw. Posterior 

segments of the lower jaw. 

Advantages: good blood supply.• 

Possible inconveniences: difficulties in 

forming the bone placement area for the 

implant; • decrease in bone-implant contact 

• (it is necessary to use a larger number of 

implants) 

D4 Weakened thin bone of the cusps of the 

upper jaw. 

Advantages: None 

Possible inconveniences: difficulty in 

forming the bone placement area for the 

implant (poor primary stabilization); the 

need for maximum use of bone tissue; 

reduction of the bone-implant connection. • 

the number of implants should be increased 

 

The quality of bone can be assessed only approximately by X-ray examination. The 

different ability of X-rays to capture bone structures, the "hardness" and "softness" of X-rays 

and the density of the cortical substance obscuring the cancellous substance do not give a real 

idea of the quality of the bone.  

Bone quality can be most reliably assessed by CT scan, as well as by the surgeon at 

surgery and visual inspection. Therefore, there are different opinions regarding the minimum 

bone volume required for implant placement. However, it is necessary to take into account the 

basic requirements: the width of bone tissue in the bucco-lingual region should be at least 6 

mm; the amount of bone above the mandibular canal and mental foramen – 7-12 mm. The 

study of the height and width of the alveolar part of the lower jaw, the topography of the 

mandibular canal in the absence of teeth allows us to recommend the size of the root part of 

the implants for the lower jaw: 8-14 mm in height and no more than 5 mm in diameter. The 

distance from the top of the alveolar ridge to the antagonist teeth in the position of central 

occlusion is also important, because these parameters are decisive in choosing the design of 

the implant and prosthesis. 

The success of the implantation operation is largely determined by taking into account 

the anatomical features of the upper and lower jaw and the correct objective assessment of the 

clinical picture. 



V.L. Paraskevych identified six visually different and verified by the Hounsfield scale 

variants of bone tissue architecture, of which types I-III are considered normal variants of 

architecture for implantation, and types IV-VI represent different degrees of regional 

osteoporosis and can be regarded as unfavorable conditions for standard implantation 

techniques.  

On the basis of studies conducted by V.L. Paraskevich (2009), three phenotypes of 

patients with complete absence of teeth were distinguished before the systematization of 

anatomical and topographic conditions (Fig. 3.9):  

 

Fig. 3.9. Scheme of three phenotypes of anatomical and topographic conditions of the jaw 

bones in patients with complete absence of teeth: 

 



A – the final height of the bone of the alveolar processes in the anterior parts of the 

jaws (H) is 15 mm or more, in the lateral parts (h) – more than 10 mm;. 

B – the final bone height in the lateral parts of the jaws (h) is 8-10 mm, in the anterior 

parts (H) -12-15 mm; 

C – the final bone height in the lateral parts of the jaws (h) is less than 8 mm, in the 

anterior parts (H) – from 8 to 10 mm. 

 

This classification is widely used in dental implantation to characterize the alveolar 

sprouts of edentulous jaws. However, some authors point to the existence of more existing 

types of architectonics, in addition, the extension of this classification to other bones of the 

facial skull (middle zone of the face) or pathologically altered bone is not always possible. 

To improve the objectivity and accuracy of determining the quality of bone, 

P. Johansson and K.G. Strid (1994) proposed to distinguish between bone types based on the 

measurement of the torque required to screw in a dental implant. It is known that denser bone 

is harder and resists the penetration of surgical instruments (drills, mills, bits, self-tapping 

screws). Therefore, in denser bone tissue, the value of the screwing torque is greater (Friberg 

B. et al., 1995; Turkyilmaz I. et al., 2006). 

Other researchers proposed to use as a determining parameter the different ability of 

bone tissue to absorb X-rays, which can be determined by computed tomography (CT) (Misch 

C.E., 1999; Norton M.R., Gamble C., 2001; Shapurian T. et al., 2006; Merheb J. et al., 2010). 

It is known that this property of bone is associated with its mineral saturation and is directly 

proportional to its density. Especially clearly it is possible to differentiate heterogeneous bone 

areas when using high-resolution spiral CT. To visually and quantitatively assess the density 

of structures examined by this method, the X-ray attenuation scale (Hounsfield scale) is used. 

The range of this scale is from -1024 to 3071 conventional Hounsfield units (HU). The 

reference point (0 HU) is the density of water, negative values of the scale correspond to air 

and adipose tissue, positive – to soft tissues, bone tissue and denser substance (tooth enamel, 

metal prostheses, implants). Different types of normal bone tissue have a density of 226-3071 

HU. 

The most widely used classification of bone tissue types, which is based on the 

determination of its radiological density, is the modified classification of C.E. Misch (1999). It 

takes into account not only the density and mineral saturation of the cortical and spongy layers, 

but also their topographic ratio. The author distinguishes 4 types of bone: D1 – thick dense 

compact bone with radiological density >1250 HU; D2 – thick cortical layer of varying density 



with a pronounced small-cell spongy layer (radiological density 850-1250 HU); D3 – thin 

friable cortical layer with friable medium-cell cancellous layer (radiological density 350-850 

HU); D4 – cortical layer is very thin or not expressed, large-cell cancellous bone prevails 

(radiological density 150-350 HU). 

An important classification criterion in this case is the average value of bone 

radiological density in structurally heterogeneous areas. This is due to the fact that the authors 

of the research are primarily interested in the area of direct contact of the implant surface with 

bone tissue, which increases in proportion to the bone density. At the same time, the 

classification is not universal, it does not allow to determine the degree of bone heterogeneity 

in custom clinical cases, because each of the types of bone according to C.E. Mish is 

heterogeneous in itself and contains areas with different properties. In the conditions of 

pathology, there may be situations when bones with the same average value of radiological 

density, referred to the same type, will behave differently. 

Improvements in surgical techniques and methods of biomechanical analysis led to the 

urgent need for more detailed classifications. 

All of the above classifications, which use qualitative or "semi-quantitative" 

characteristics to evaluate different types of bone tissue, are presented in a certain generalized 

form and are more or less understandable and useful for the clinician, are not suitable for 

obtaining accurate biomechanical solutions, creating computer and analytical models of 

biological systems. Unlike clinical medicine, biomechanics and computer science use as input 

data parameters that have quantitative expression and can be represented in SI units. Thus, 

today there is a problem of revising the existing classifications to give them a more specific 

meaning based on objective quantitative criteria. 

Malanchuk V.O. et al., 2011 developed a classification that includes 7 types of bone 

tissue with different elastic properties: 3 of them can be attributed to cancellous bone, 4 – to 

cortical bone. 

Type I – high porosity cancellous bone tissue with the value of the elastic modulus in 

the direction of maximum stiffness (E1) <500 MPa. It is represented mainly by a loose network 

of thin trabeculae. This type is found in patients with osteoporosis and osteopenia, in the lateral 

parts of the edentulous mandible, in the area of the maxillary hump. The radiological density 

of such bone is <200 NU, and hardness measurement (as for other types of cancellous bone) is 

inaccurate and usually impractical. 

The level of mechanical anisotropy inherent in this type can be different, however, if 

the decrease in bone density is due to systemic osteoporosis, the elastic modulus and strength 



of the bone in different directions can differ several times. This is due to the fact that in the 

stressed areas of osteoporosis bone loss occurs unevenly, first of all, trabeculae are resorbed, 

which are subject to less functional load. Therefore, in the direction corresponding to the main 

vector of static load, the stiffness of the bone will be much greater than in other directions, 

until, due to the progression of the pathological process, the trabecular mesh does not lose its 

structural integrity and ability to absorb any loads. When the loading conditions change, the 

adaptive capabilities of this type of bone are sharply limited, and its support-mechanical value 

is negligible. Even with a small stress exceeding 3-5 MPa, it is characterized by destruction at 

the micro and macro levels, plastic deformations, etc. 

The first type is cancellous bone tissue with an elastic modulus of 500-1499 MPa. It is 

characterized by a well-developed trabecular mesh and the ability to rapid structural 

restructuring in changed biomechanical conditions. In the loaded areas, this type of bone is 

represented by a few rather thick trabeculae, and in the areas that are less loaded – by a denser 

network of smaller trabeculae. In both cases, the structure of the trabecular network is quite 

ordered. Type II bone forms a spongy layer on the body part of the intact lower or upper jaw 

(in case of tooth loss it is preserved mainly in the frontal parts), it can be detected in the area 

of the mandibular branch and its condylar process. The radiological density of this type of bone 

is 200-399 HU. Its ability to perceive the load is insignificant, it cannot provide sufficient 

primary stability of the implant or fixation element, however, it provides a more even 

distribution of stress in the surrounding areas of the cortical layer and plays a certain cushioning 

role. 

From a biological point of view, types I and II bone tissue are characterized by the 

presence of medullary cavities containing blood vessels and osteogenic cells, which can be a 

source of reparative regeneration and osteogenesis under favorable biomechanical conditions. 

That is why the combination of dense cortical bone with the presence of a pronounced spongy 

layer (type II according to U. Lekholm and G.A. Zarb, or D2 according to C.E. Mish) is optimal 

for the placement of dental implants. 

Although the reparative potential of cancellous bone is not proportional to its density 

and is determined by a number of other factors, cancellous bone with pronounced porosity 

(type I) is often characterized by low ability to regenerate and structural restructuring and 

usually requires optimization/correction of conditions for reparative regeneration. 

Type III bone corresponds to areas of compact spongy bone tissue, the elastic modulus 

of which is 1500-3499 MPa. It is inherent in the transition zones at the border of the spongy 

and cortical layers, bones of the cranial vault, the middle zone of the face and the articular head 



of the mandible, and is noted in areas of bone regeneration. Radiological density is 400-699 

HU. 

Type IV – low-mineralized porous cortical bone with an elastic modulus of 3500-6499 

MPa and radiological density of 700-1199 HU. In a normal jaw, type IV bone tissue is not 

common, but in pathology it is often detected. This type of bone occurs, for example, as a result 

of resorption and remodeling of the ends of bone fragments in old fractures, infectious 

processes, severe systemic or local osteoporosis. It is also typical for transition zones and areas 

of bone regeneration. The hardness of this type of bone is low – up to 70 Un. 

From a mechanical point of view, a satisfactory level of primary stability of implants 

or fixators can be obtained in type III and IV bone tissue, but under conditions of external 

cyclic loading they are not able to provide the necessary strength and rigidity. The degree of 

mechanical anisotropy and structural orderliness of these types of bone is lower compared to 

others, but both types of bone show a high ability to viscoelastic deformation. 

These types of bone are inherent in the ability to dynamic structural restructuring under 

changing external conditions, which is associated with relatively good vascularization and 

sufficient content of cellular elements. At the same time, depending on the level of stress and 

the state of regulatory systems, the restructuring of these types of bone can go both in the 

direction of compacting, compaction, increasing mineral saturation, stiffness and strength, and 

vice versa, in the direction of reducing mineral saturation, deepening structural disorganization 

up to complete destruction. These processes in the bone tissue of type III and IV occur quite 

quickly, and the peculiarities of surgical intervention will significantly affect their dynamics. 

Type V characterizes normal cortical bone with moderate mineral saturation, 

characteristic of unstressed zones, with an elastic modulus of 6500-8999 MPa, X-ray density 

of 1200-1599 HU and hardness in the range of 71-80 Un. Bone tissue of this type provides 

stable fixation of implants, fixation elements, endoprostheses and is able to perceive a fairly 

significant stress (100-120 MPa). Since its hardness is not excessive, it is relatively easy to 

perform surgical manipulations on this type of bone (osteotomy, formation of holes, threading, 

graft harvesting, etc.) One of the possible problems is that in the dynamics of pathological 

processes or in the postoperative period as a result of resorption and remodeling, type V bone 

tissue can change, acquiring signs of type IV. In this case, the strength, rigidity and reliability 

of the system "implant – bone" are sharply reduced. If these changes in the physical and 

mechanical properties of the bone under the influence of biological factors are not taken into 

account, the risk of complications in the late postoperative period increases dramatically. At 



the same time, the real reason for the unsatisfactory result of the operation is often unclear to 

the surgeon. 

Type VI is a dense well mineralized cortical bone, inherent in the areas of thickening 

of the cortical layer and buttresses of the jaws with an elastic modulus of 9000-11 999 MPa. 

Its radiological density is 1600-2099 HU, and hardness is 81-90 Un. Bone tissue of this type is 

usually characterized by a high degree of structural and mechanical anisotropy, an ordered 

structure with a certain orientation of osteons, less pronounced viscoelastic properties 

(especially in older people). When placing implants and fixators in the bone tissue of type VI, 

a system with high rigidity and strength is formed. That is why the buttress areas are the optimal 

areas for the placing of fixators in jaw fractures. At the same time, the regenerative potential 

and the level of blood supply of this type of bone are relatively low. Of great importance for it 

are usually periosteal sources, which can be easily damaged during surgery. The course of 

adaptive remodeling or resorption of such bone is slow, so in unfavorable biomechanical 

conditions its resorption around the implant (fixation element) will occur gradually. Problems 

associated with impaired hemodynamics, overheating of the bone during surgery or excessive 

load will manifest themselves more often in the long-term postoperative period and will almost 

always be accompanied by irreversible bone resorption in overloaded areas. 

Type VII – compacted, sclerosed cortical bone with increased mineralization; its areas 

are usually relatively small. They are sometimes formed as a result of inflammatory processes, 

operations or injuries. The modulus of elasticity of such bone is 12,000-16,000 MPa, its 

radiological density is >2100 HU, and its hardness is ≥91 Un. 

From a biomechanical point of view, type VII is unfavorable, because its high stiffness 

compared to other types of bone causes an increase in stress gradients and the appearance of 

areas of their local concentration in areas represented by sclerosed bone. If an implant or fixator 

placed in type VII bone is subjected to external loading, the stress distribution in the bone tissue 

around custom screws or thread turns will be less uniform. Such bone tissue is usually hypo- 

or avascular, and its potential for reparative regeneration or adaptive remodeling is extremely 

low. Despite its high strength, type VII bone is quite fragile, in addition, after the placing of 

rigid artificial structures under cyclic loading, microdamage can occur and accumulate at 

different levels of structural organization, which in other types of bone is usually eliminated 

during physiological regeneration. In this regard, under excessive load, osteotomies of this type 

of bone can cause not only bone resorption, but also microfractures or chips of custom parts of 

the cortical layer. 

 



3.3. Physiological regeneration of bone tissue is a constant restructuring of the bone 

 

It not only brings the bone structure in line with the loads on it, but also maintains 

mineral homeostasis. It is carried out by the combined activity of osteoblasts and osteoclasts, 

which are located in the periosteum, endosteum and osteon channels. Normally, most of them 

are dormant and activated at the initiation of remodeling. Remodeling of compact and 

cancellous bone tissue proceeds with some peculiarities, but is fundamentally similar. 

Activation of osteoblasts leads to simultaneous activation of osteoclasts and vice versa. 

This commonwealth of functionally opposite bone cells is called the functional combination of 

osteoblasts and osteoclasts. 

In cancellous bone tissue, due to the activity of this functional pair of cells, the 

following chain of events occurs: activation of cells that carry out bone destruction resorption 

of old bone reversion (transition from bone resorption to osteogenesis) osteogenesis. In the 

activation phase, osteoblasts, which are at rest and cover the surface of cancellous bone plates, 

expose it and prepare it for the attachment of osteoclasts. Further, activated osteoclast 

precursors turn into mature osteoclasts, which carry out bone resorption (resorption phase). At 

the end of this phase, osteoclasts secrete mediators that activate preosteoblasts. Preosteoblasts 

involved in the resorption gap are transformed into active osteoblasts (Reversion phase). 

Further, due to the activity of osteoblasts, the resorption gap is gradually filled with newly 

formed bone tissue (Osteogenesis Phase).  

The remodeling of compact bone tissue is carried out within the osteon (inside it) and 

is associated with the formation of the so-called bone remodeling unit. The bone remodeling 

unit is the area of the osteon where the remodeling processes are carried out. It has a conical 

shape. At its leading edge, the osteon canal is sharply widened due to the development of the 

bone being remodeled. This part of the bone remodeling unit is called the cutting cone. 

Following the cutting cone, the part of the bone remodeling unit is called the reversion zone. 

In this zone there is a gradual transition from bone development to bone creation. The 

resorption cavity (dilated osteon channel) is lined with macrophages and preosteoblasts, 

gradually transforming into osteoblasts. The posterior part of the bone remodeling unit is called 

the closing cone, it contains a resorption canal tapering at the end, as mature osteoblasts are 

located here, gradually, from the periphery, filling this canal with concentric bone plates. 

During the remodeling of the compact substance, the bone remodeling unit moves within the 

remodeled osteon. 



 

3.4. Reaction of bone tissue to functional load 

 

The generator of the processes of forming the elements of the first basic skeletal block 

is the load increasing after the birth of the child, first under the pressure of the sucking process, 

and with the eruption of teeth – the act of chewing. Under the influence of the act of chewing, 

there is an increase in the growth of the spongy substance in a child in the age period from 6 

months to 3 years, and by the age of 13-15 years, changes in the compact substance become 

noticeable, the volume of which increases two to three times. Trabeculae of the spongy 

substance form trajectories. In newborns they are still absent. Trajectories in the body of the 

mandible in an adult begin from the lower edge and go from front to back and up, ending in 

the articular and coronal processes. Simultaneously with the formation of the first frame block, 

complex transformations occur in the alveolar processes of the upper and lower jaws, 

associated with the eruption and placement of teeth, as well as with the rise of the bite height, 

which in turn ensures the appearance of the second frame block.  

The formation of a defect in the dentition leads not only to the extension and tilt of the 

teeth in the direction of the defect (Godon's phenomenon). Removal of the first lower molars 

during the period of jaw growth leads to curvature of the lower jaw heads. The articular head 

on the side of the removed tooth tilts forward and inward. The projected length of the lower 

jaw on this side becomes shorter by more than 5 mm compared to the length of the opposite 

side. The incisal center of the lower jaw is shifted towards the shorter part. In another group of 

cases with the loss of the first lower molars, along with the tilt of the teeth in the direction of 

the defect and the formation of a deep bite, the lower jaw is bent. In these conditions, the lower 

jaw is curved in places of missing sixth teeth. In this case, the chin moves up from the basal 

plane of the lower jaw, and the dental arch on the lower jaw shortens. 

Violation of the initial, normally existing equilibrium of the dentoalveolar system with 

the environment ultimately causes the formation of a new equilibrium, which is a manifestation 

of J. Wolf's law. The formation of a defect in the dentition leads to a significant change in 

biomechanical pressure, which is manifested in the structure of bone tissue. The contact area 

of the chewing surfaces of the teeth adjacent to the extracted tooth decreases due to their 

inclination and the appearance of a wedge-shaped gap in the closure. Structural changes in the 

trabecular bone tissue are the result of adaptation of the dental alveolar ridge to the inclination 



of the tooth. Teeth located behind the dentition defect usually incline more than those located 

in front of the extracted tooth.  

The teeth next to the extracted tooth do not compensate for its chewing function. The 

inclination not only reduces their ability to bear the chewing load, but also creates conditions 

under which the periodontal fibers of the periodontium, which form the suspension system of 

the tooth, instead of normal tensile work are subjected to compression and degeneration. 

V.Y. Kurlyandsky in connection with the study of conditions that change under load on 

the dentoalveolar system introduced the concept of functional trauma. Functional trauma of the 

dentoalveolar system occurs under conditions in which the chewing load acting on a tooth or 

group of teeth exceeds the maximum force that the periodontium can perceive under 

physiological conditions. The causes of periodontal trauma are caries, periodontal disease and 

some other diseases of the body. 

A.T. Busygin proved that the alveolar process in the area of the teeth that is not in 

contact with the prosthesis has a relatively normal bone structure. In the area of direct impact 

of the prosthesis on the teeth, bone resorption is observed: the bone beams of the interdental 

septa are destroyed in some places, the apex of the alveolar ridge is uneven, in some places 

also destroyed. Resorption of bone beams in areas of functional trauma is diffuse, going from 

the edge of the dental sockets deep into the bone. The number of loops of spongiosis tissue of 

the alveolar ridge in the areas of trauma decreases.  

The results of successful treatment largely depend on the functional state and reactive 

properties of the supporting tissues in the area of implant insertion both before and after the 

functional load of its prosthetic structure, in which a significant role is played by the ratio of 

nervous, endocrine and immune mechanisms of osteogenesis regulation, implemented by a 

number of biologically active mediators, such as Betty – endorphin, serotonin, etc. It is they 

who provide regulation in time and volume of regenerate growth and differentiation of 

osteoblastic, osteoclastic, vascular and connective tissue sprouts, as a result forming a 

functioning bone. 

 

 3.5. Morphology of biocompatibility of dental implants. Contact osteogenesis. Distant 

osteogenesis. Connective-tissue integration 

 



The issue of biocompatibility of implants implies the involvement of immune 

processes. A number of researchers rightly focus their attention on the study of immune 

restructuring directly in the tissues near the implant and in the body as a whole. 

As you know, there is a bone tissue response to the implant, which occurs through a 

dynamic change in three processes (stages): inflammation, proliferation and healing. Its result 

is the formation of a single and functional complex "bone – implant", which is called 

"osseointegration" of the implant. 

At the stage of inflammation in the implantation zone of the "bioinertness" of the 

implant, the adsorption of proteins on the implant surface occurs, which leads to the release of 

enzymes that partially destroy the membranes of osteoblasts and intercellular structures: 

collagen, proteoglycans and glycosaminoglycans. 

Products accumulating in the contact zone "bone – implant" lead to changes in vascular 

permeability and, as a result, to exudation and edema. Activation of biologically active 

substances stimulates the secretion of proteolytic enzymes of neutrophilic leukocytes. 

The accumulation of leukocytes is replaced by altered antigens and macrophages that 

fill the damage area and actively limit the inflammation zone. In experiments on animals, 

phagocytized fragments of titanium were found that did not cause atypical changes in cells. 

Actually, reparative processes occur at the stage of proliferation. They are expressed in the 

formation of blood vessels, cell differentiation and proliferation. These changes are manifested 

to a greater extent in the tissue area adjacent to the implant. 

Also, in this area there are specific cellular changes, represented by the regulation of 

adhesion processes, cell proliferation, the formation of new blood vessels, increased collagen 

synthesis, regulation of bone metabolism and cell migration. 

There is a consistent reorganization of tissues: the formation of specific cell 

populations, organic matrix and its mineralization. The dynamics of development in the contact 

zone "bone – implant" vascular reactions, followed by the formation of bone substance.  

To date, there are three main variants of tissue organization on the surface of the 

implant-bone interface: 

- direct contact of bone tissue with the implant surface. Attachment or attachment of 

living bone tissue to the implant surface without the introduction of a layer of connective tissue: 

bone integration (osseointegration); 

- indirect contact, when a layer of connective tissue is formed between the bone tissue 

itself and the implant surface, consisting mainly of collagen fibers and coarse-fibrous bone 

tissue – fibro-bone integration (fibro-osteointegration); 



- formation of fibrous connective tissue on the implant surface – connective tissue 

integration. 

The first two options are the physiological response of bone tissue to the introduction 

and functioning of the implant. The third option is normal for connective tissue, such as mucous 

membrane. However, for the bone tissue itself, this is an inadequate response to implant 

insertion, which indicates rejection of the implant.  

To date, the biological aspects of the process of osseointegration of a dental implant are 

described in detail by the well-known theory of blood clot retraction "Blood clot retraction 

theory", according to which there is a sequential change of three stages that reflect the gradual 

regeneration of the bone: 

- the first and most important phase is osteoconduction, during which osteoblasts are 

attracted and migrate to the implant surface through the remaining blood clot around it (Fig. 

3.10); 

- the second phase – osteoinduction – bone formation as a result of mineralization of 

the bone matrix occurs when osteogenic cells reach the implant surface; 

- the third phase – bone remodeling is a long process with cycles of bone resorption and 

formation, stabilizes not earlier than 18 months after dental implantation surgery. 

The composition of the clot fixed on the implant surface, in addition to fibrin, includes 

platelet-derived growth factor, epidermal growth factor, vascular growth factors, insulin-like 

growth factor, etc. These factors initiate bone tissue healing, promote macrophage activation, 

enhance angiogenesis, stimulate the formation of collagen matrices, and with regard to 

implantation – determine the fixation of the implant in the bone tissue. 

The implantation operation itself is nothing more than a surgical trauma, and the 

implant is a foreign agent. Such interventions cause a primary response of the body – 

inflammation with a typical complex of vascular and tissue changes. 

 



 

Fig. 3.10. Healing under a blood clot, 15 days; the edge of the bone defect is visible 

(single arrow); then there is a layer of young connective tissue; directly adjacent to the defect 

is a layer of granulation tissue (double arrows). × 200. 

 

According to various authors, the process of de novo bone formation on the implant 

surface occurs by contact and distal osteogenesis. In distal osteogenesis, the formation of bone 

structures occurs from the surface layers of old bone tissue in the peri-implant area. This bone 

surface provides the osteogenesis sites with a population of osteogenic cells that produce new 

bone matrix oriented towards the implant surface. 

 



 

Fig. 3.11 The newly formed bone in the defect is partly spongy and partly compact with 

developed osteon systems; hematopoietic tissue is visible in the bone lacunae (single arrows); 

the new bone is adjacent to the new bone by connective tissue rich in capillary vessels (angled 

arrows) 60 days; × 50. 

 

In contrast to distal osteogenesis, in contact osteogenesis, the formation of bone 

substance occurs directly on the surface of the implant itself (Fig. 3.11). This mechanism is 

implemented by analogy with the processes of osteoconduction, during which the implant 

surface acts as a passive matrix for osteogenesis. In this case, there is a migration of progenitor 

cells to the implant surface from the mother bed, which begin to differentiate into mature 

osteoblasts, secreting bone matrix on the implant surface. It is obvious that in different parts of 

the peri-implant area the processes of distal and contact osteogenesis occur in parallel. 

 

3.6. Prerequisites and factors affecting the interaction of implants with bone tissue 

 

General and local factors that affect osseointegration 

Local factors include:  

1. The material from which the implant is made; 

2. The composition and structure of the implant surface; 

3. Overheating of the bone; 



4. Contamination; 

5. Primary stability of the implant; 

6. Bone quality; 

7. Epithelial proliferation; 

8. Functional load. 

Material. The process of osseointegration is influenced by the material used for implant 

preparation. Such material is high quality titanium (industrial pure titanium, 99.75%). This 

material is still the basis of the technology. However, there are a number of other materials that 

can also form a strong connection with the bone. These include zirconium, some ceramic 

materials, especially hydroxyapatite.  

Composition and surface structure. Titanium is capable of integration due to its 

ability to quickly form a stable and relatively inert oxide layer on the surface. This surface 

promotes bone formation and is considered osteo-conductive. Other materials (zirconia, 

ceramics, glass-carbon and gold) also have the ability to osseointegrate, and can stimulate bone 

formation. The initial bond of the bone surface and implant from these materials is formed 

more intensively and faster than around a titanium implant 

Overheating. Overheating the bone to a temperature above 47° C during surgery can 

lead to cell death and collagen denaturation. Because of this, instead of achieving true 

osseointegration, a fibrous capsule is formed around the implant, and the strength of its 

connection with the bone is significantly reduced. 

Therefore, it is necessary to prevent overheating of the bone in the process of preparing 

the bone placement area for the implant. This depends on the rotational speed of the drill, its 

shape, the amount of bone removed at a time, the bone density and the cooling used. Ideally, it 

is recommended to use low-speed drills with abundant irrigation for cooling (see the section 

Instrumentation). 

Contamination. Contamination of the implant placement area with organic and 

inorganic particles can interfere with osseointegration. In this regard, the remnants of necrotic 

tissue, microorganisms, chemicals, as well as small particles that have broken off from the drill 

are particularly dangerous. To prevent contamination of the bone placement area for the 

implant, modern equipment (use of instruments made of titanium alloys) and control of the 

situation by the surgeon-implantologist during the operation are necessary. 

Primary stability. The two most important factors for the functioning of the placed 

implant are high primary stability and the absence of excessive pressure on the bone tissue. 

The primary stability of the implant is caused by mechanical retention, which is due to the 



shape of the implant surface. It has been proved that in the early stages of osseointegration 

depends on the immobility of the implant, and the micro-mobility of the implant up to 150 

microns does not disturb the processes of osseointegration; if the mobility exceeds 150 

microns, there is an injury to the blood clot and the formation of fibrous tissue around the 

implant. During the first stage of bone remodeling, the activity of osteoclasts increases, which 

certainly reduces the fixation of the implant. 

With an increase in the torque with which the implant is placed, the primary stability 

increases. But excessive force causes local ischemia and bone necrosis, which can later lead to 

a negative impact on the processes of osteo-integration. Depending on the choice of implant 

system and macrostructure of the surface, the primary stability changes. Secondary stability is 

defined as mechanical and biological retention of bone tissue to the implant surface after 

osseointegration processes. To achieve secondary stability, the absence of implant 

micromobility and the appearance of a slight physiological load are necessary. The modern 

stage of implant treatment development is characterized by a tendency to early functional load 

to reduce the rehabilitation time of patients. One of the conditions for this is good primary 

stability, and it is possible if the contact area of the implant with the alveolar wall is less than 

30%. In order to increase the primary stability of the implant, some authors suggest bicortical 

implant placement. To stabilize implants placed simultaneously with bone augmentation and 

sinus lift, the use of sinus implant stabilizer is proposed.  To stabilize implants in difficult 

conditions with direct loading, intraoral welding systems are used. 

Fig. 3.12. demonstrates the dependence of primary (mechanical) stability and 

secondary (biological) stability on time 

  

 



 

Fig. 3.12. Dependence of primary (mechanical) stability and secondary (biological) 

stability on time 

 

Thus, it is much easier to achieve stability when working with screw implants than with 

implants that do not have a pronounced surface relief. A bone placement area formed in soft 

coarse-cellular bone tissue with a loose cortical plate will not provide sufficient primary 

stability. To solve this problem, some manufacturers produce self-tapping implants. 

Bone quality. The process of osseointegration is affected by the quality of the bone. It 

depends on the bone density, its anatomical structure and quantity (volume). Bone quality is 

the ratio of the amount of cortical plate and spongy substance of the bone, as well as density. 

The volume of bone tissue as such does not affect osseointegration, but this indicator is very 

important for implant fixation. If the volume of bone tissue is insufficient, there is a risk of 

mechanical overload and, consequently, unsatisfactory treatment results. In this regard, it is 

necessary to choose the appropriate size of the implant. 

Epithelium proliferation. The disadvantage of the first implants design was the 

ingrowth of the oral mucosa epithelium along the root part of the implant. With the advent of 

a new generation of implants made of industrial pure titanium to prevent proliferation began to 

cover the implant with a mucosal flap for the period of osseointegration. When the process is 

completed, the implant is opened and the suprastructure is placed, as it is known that the 

integrated surface is resistant to epithelial ingrowth. There are other methods of using implants 

that penetrate the mucous membrane immediately from the moment of placing. This technique 



allows you to place a pre-made suprastructure on the implants immediately after their placing 

in the bone tissue. 

Functional load. Osteointegration is affected by the load in the early periods of 

implantation. If high loads are applied to the implant immediately after placing, 

osseointegration does not occur, and a fibrous capsule is formed around the implant. At the 

same time, late overloading of the implant (after osseointegration) can destroy osseointegration 

and lead to implant rejection, so overloading should be avoided. Moderate loads do not 

interfere with osseointegration.  

The causes of significant loads can be bruxism, bad habits, as well as the design of the 

suprastructure, in which an excessive load falls on it, for example, consoles. 

General factors affecting osseointegration include: 

1. Gender; 

2. Age; 

3. Presence of diseases; 

4. The nature of the diet; 

5. Lifestyle, including bad habits. 

Gender. Sex hormones (estrogen and androgens promote bone growth and maturation). 

Estrogens increase the activity of osteoblasts and accelerate osteoid mineralization. Androgens 

have a general anabolic effect on the body, inhibit bone resorption and serve as a catalyst for 

mineralization. 

Age. Complete restoration of bone structure in the area of damage is noted only in 

childhood. With age, the intensity of reparative processes decreases. The process of 

osseointegration is slower. Also, with age there is a natural decrease in bone mass, which begins 

at the age of 25 and is manifested by a decrease in jaw height by 0.1-0.2 mm per year. The loss 

of bone mass up to 70 years is 25-30% of compact and 35-45 spongy substance. 

The patient's age alone does not significantly affect the complication rate of implants. 

Most clinical studies of implant survival and complications show a high success rate, although 

older patients may have more difficulty using implant-supported removable prostheses. 

However, age is certainly associated with the prevalence of systemic conditions that 

may affect implant success or complication rates. Older patients are more likely to suffer from 

many systemic conditions than younger patients, including chronic conditions such as 

hypertension, cardiovascular disease and osteoporosis. For example, the prevalence of type 2 

diabetes increases with the age of the subject. 



If diabetes increases the likelihood of implant complications and if a clinician sees 

many older patients with diabetes, he or she may diagnose and treat more implant 

complications than someone who sees mostly younger patients. 

The hormonal changes that occur with age mainly affect women. Of particular 

importance for implant complications is the decrease in bone mineral density associated with 

aging in both men and women. Because bone mineral density decreases more rapidly after 

menopause, older women are more likely to have osteopenia or osteoporosis than age-matched 

men. Osteoporosis is discussed later in this chapter. 

Another consideration of patient age is the number and variety of medications taken. In 

general, the prevalence of polypharmacy increases dramatically with age. Medications can 

certainly cause complications with implantation, especially as they relate to surgical risk and 

changes in wound healing. Many of these will be discussed later in this chapter. For example, 

older patients with multiple chronic conditions are more likely than younger patients to be 

taking medications that increase the risk of intraoperative or postoperative bleeding, postural 

hypotension, xerostomia and mucosal irritation, gingival enlargement, and 

immunosuppression. In addition, the use of multiple medications increases the risk of drug 

interactions with drugs prescribed by the dentist. 

Thus, it is not the patient's age alone that determines the risk of complications with 

implants, but rather the increased prevalence of systemic conditions that occur with age, the 

increased level of exposure to the risk factor, and the medications used to treat such conditions. 

Presence of diseases. The presence of somatic pathology affects the process of 

osteointegration (this section is written in detail in the next chapter).  

Pathology of the endocrine system. Mineral metabolism is regulated by the hormones 

listed in the table below (Table 3). 

 

Table 3 

Hormones involved in mineral metabolism 

Hormone Place of synthesis Effect on bone tissue 

Parathyroid hormone Parathyroid gland Destroys 

Calcitonin Thyroid Bone formation 

Thyroxine Thyroid Destroys 

Calcitrol Metabolite vit. D-3 Stimulates osteogenesis 

Insulin Pancreas Stimulates osteogenesis 



Female (male) sex hormones Ovaries (testicles) Stimulates osteogenesis 

Glucocorticoids Adrenal glands Destroys 

Somatotropic hormone – 

THG 
Pituitary Stimulates osteogenesis 

 

Changes in the direction of hypo- or hypofunction of these hormones leads to a 

violation of the processes of reparative osteogenesis. A disease such as diabetes mellitus 

deserves special attention. The total percentage of osteoporosis in diabetes among all secondary 

forms of the disease is from 6% to 10%. In patients with diabetes mellitus, the process is 

complicated by vascular and neurological complications of their disease, which undermine the 

body from the inside: they have changes in almost all organs and tissues, including bone. Bone 

remodeling processes are disrupted. With insulin deficiency, the process of mineralization and 

bone formation suffers. 

Bad habits. Smoking, alcoholism, drug addiction are contraindications for 

implantation. Smokers have a decrease in local immunity of the oral cavity, low level of oral 

hygiene, disruption of the microcirculatory system.  

There is no doubt that smoking has numerous detrimental effects on the tissues and 

immuno-inflammatory response of the host. Tobacco products, such as nicotine, carbon 

monoxide and hydrogen cyanide, alter wound healing by reducing the proliferation of 

fibroblasts and other reparative cells, decreasing tissue perfusion due to vasoconstriction and 

increasing platelet adhesion. 

Hydrogen cyanide inhibits oxidative metabolism, while carbon monoxide reduces 

tissue oxygenation by competitively binding to hemoglobin. Smoking upregulates the 

production of certain pro-inflammatory cytokines, such as interleukin-1 and tumor necrosis 

factor-α, and negatively affects the humoral immune response. Smoking also has a detrimental 

effect on secretory immune functions, which can adversely affect the healing of the maxillary 

sinus. Smoking reduces osteoblast activity, resulting in decreased bone mineral density and 

delayed bone healing after surgery. 

Although these adverse effects of smoking exist and may affect wound healing after 

implant placement, the clinical question remains as to the effect of smoking on actual implant 

survival and complication rates. Many studies have examined the effect of smoking on dental 

implant therapy. Unfortunately, most of these studies do not clearly delineate the degree of 

smoking exposure, such as the number of cigarettes smoked or the duration of smoking. 



Numerous studies have reported an increased rate of implant rejection in smokers compared to 

nonsmokers. In general, the failure rate is reported to be 2-2.5 times higher in smokers. In some 

studies, implants placed in the maxillary shell are adversely affected by smoking to a greater 

extent than those placed in the mandible, possibly due to the overall greater bone density of the 

mandible. In addition, the implant surface may have a large influence on the effect of smoking 

on implant outcomes. 

Systematic reviews provide clinicians with the highest level of evidence, and several 

systematic reviews of data related to smoking and implant therapy have been published in the 

past few years. These studies, examining data from thousands of implants, confirm that the 

overall implant failure rate in smokers is approximately twice as high compared to nonsmokers. 

For example, in one systematic review, the overall survival rate for smokers was 89.7% 

compared to 93.3% for nonsmokers. In another, the overall failure rate for smokers was 10.3% 

compared to 6.7% for nonsmokers. 

Several key factors must be considered when interpreting the results of these smoking 

studies. First, the effects of smoking may vary depending on the anatomical location of the 

implants. A large study of over 2500 implants evaluated at least 3 years after placement 

demonstrated an implant rejection rate of 10.9% for maxillary implants in smokers versus 6.4% 

for maxillary implants in nonsmokers, a difference of 4.5%. Conversely, in the mandible, the 

failure rate was 6.9% for smokers and 5.6% for nonsmokers, a difference of only 1.3%. This 

study suggests that the impact of smoking may be greater for maxillary implants than for 

mandibular implants. 

In addition to the potential negative impact of smoking on implant complication rates, 

smoking has a clear detrimental effect on the periodontal health of the teeth remaining around 

the dental implant. More than 40 years of research support the notion that smokers have poorer 

overall periodontal status than nonsmokers, that smokers have a greater risk of advanced 

periodontitis. Thus, a patient who smokes has an increased risk of periodontal destruction, 

which can lead to further tooth loss and altered function of existing implant-supported 

restorations. In addition, smoking patients who continue to lose teeth may seek further implant 

therapy, which may have a greater risk of failure or complications after treatment. 

Most researchers associate bone disorders in alcoholics with changes in hormonal 

regulation of mineral metabolism. 

These disorders are realized through both central and peripheral mechanisms. Ethanol 

directly affects the thyroid and parathyroid glands and indirectly – through the system 



"hypothalamus – pituitary – neuropeptides". Important in the violation of mineral metabolism 

in alcoholism is the disruption of other endocrine glands. 

Thus, a decrease in the secretion of somatotropic hormone leads to a violation of the 

formation of organic bone matrix. Alcohol abuse leads to feminization of the body in men, that 

is, the production of androgens is disrupted, which leads to a decrease in bone mass. In women, 

under the influence of alcohol, ovarian function is suppressed, the concentration of prolactin, 

follicle-stimulating and luteinizing hormone (luteotropin) increases, similar to the disorders 

that occur during ovariectomy, one of the manifestations of which is the development of 

osteoporosis. 

Chronic alcoholics have insufficient intake of minerals, trace elements, proteins, 

vitamins, etc. Changes in the trophic function of the nervous system in alcoholics also 

adversely affect the processes of mineralization and physiological regeneration in the bone. 

The mechanism of ethanol action can be considered at the cellular level. 

Ethanol, being a water- and fat-soluble substance, acts on phospholipids of the cell 

membrane and increases its fluid properties, which facilitates the course of metabolic processes 

in the cell. The systematic intake of alcohol, which contributes to the so-called "thinning" of 

the membrane, requires compensation to prevent the depletion of internal reserves of cellular 

systems, which is achieved by increasing its density to normal figures under the influence of 

ethanol. 

This is due to a decrease in the content of high-density lipoproteins and the relative 

predominance of low and very low-density lipoproteins, which contribute to the accumulation 

of cholesterol in cell membranes. Such accumulation in excess of the norm disorganizes 

metabolic processes in the cell, leads to a violation of the transport function of membranes, in 

particular for calcium ions, as well as electrolytes and other substances. 

  



SECTION 4. DIAGNOSTICS AND PLANNING OF DENTAL IMPLANTATION  

 

An important point when planning dental implantation is a personal approach. This 

approach to the complex surgical and prosthetic treatment of adentia implies the use of different 

types of implants based on a preliminary analysis of the anatomical and topographic features 

of the patient's dentition. 

The tasks of treatment planning are:  

- determination of the optimal prosthetics option;  

- determination of the type, size and number of implants that will allow for rational 

prosthetics;  

- development of tactics of surgical and prosthetic stages of treatment. 

Compliance with the principles and solution of implantation planning problems can be 

carried out only after the analysis of anatomical, topographic and functional features of the 

dentition based on the results of clinical and radiological examination. The choice of implant 

of a particular design depends on the conditions in the oral cavity, determined by its future 

function as a support for dentures. Prosthodontist and surgeon choose the implant or implants, 

their diameter, length and make a plan of surgical and prosthetic treatment. 

The algorithm of planning dental implantation in partial and complete absence of teeth 

can be represented by the following scheme (Fig. 4.1):  

According to this scheme, the choice of treatment method should have an anatomical 

and topographic justification (degree and nature of atrophy of the mandibular alveolar ridge; 

shape of the alveolar ridge; bone quality); physiological justification (time after tooth 

extraction; mucous membrane compliance; condition of antagonist teeth); biological (custom 

characteristics of the organism, age, somatic and psychological status) and socio-economic 

justification. 

 



Fig. 4.1 Algorithm of planning dental implantation in patients with partial and complete 

absence of teeth 

 

4.1 Indications and contraindications for dental implantation. Risk factors 

 



Dental rehabilitation of patients with partial or complete absence of teeth using dental 

implants has its indications and contraindications.  

Indications for dental implantation are:  

1. Single defects of the dentition, when implantation will avoid the preparation of teeth 

located next to the defect; 

2. Included defects of the dentition, when implantation can avoid the preparation of the 

teeth that limit the defect and removable prosthetics; 

3. Terminal defects of the dentition, in which implantation allows to carry out 

fixed prosthetics; 

4. Complete adentia, when implantation can be used to perform fixed prosthetics or 

provide more reliable fixation of complete removable dentures. 

Contraindications to dental implantation are divided into absolute and relative. 

Absolute contraindications to implantation take into account the presence of diseases and 

certain conditions of the body, when surgical intervention is an obvious risk to health, as well 

as when there are untreatable diseases that make it impossible to achieve positive results of 

implantation. These include: 

1. Chronic diseases in the stage of decompensation; 

2. Coagulation and hemostasis disorders; 

3. HIV and any other seropositive infection; 

4. Mental diseases. 

There are also diseases, physiological and functional conditions in which any operation 

can harm the patient's health or during this period the state of the body does not allow to achieve 

positive results of surgery. These are relative contraindications. They include:  

1. Acute inflammatory diseases and acute viral infections; 

2. Chronic infectious diseases (tuberculosis, actinomycosis, etc); 

3. Exacerbation of chronic diseases; 

4. Recently suffered a heart attack, stroke; 

5. Pregnancy and lactation; 

6. Osteoporosis; 

7. Treatment with drugs that impair tissue regeneration (hormonal and chemotherapy, 

the use of immunosuppressants). 

A.A. Dolgalev and V.V. Berezhkova in their scientific works do not distinguish the 

pathology of the cardiovascular system in the lists of absolute and relative contraindications. 



However, they believe that chronic diseases such as tuberculosis, rheumatism, diabetes 

mellitus, stomatitis are absolute contraindications. 

In their recommendations, M.M. Soloviev et al [96] emphasize that acute and chronic 

disorders of the cardiovascular system, especially at the stage of decompensation, are an 

absolute contraindication to dental implantation surgery.  

Instead, a group of Japanese scientists concluded that with the correct assessment of the 

patient's general condition, dental implantation surgery in patients with cardiovascular 

pathology is possible, but when preparing the elderly for implantation, it is necessary to take 

into account the age-related decline in the compensatory adaptive reactions of the body and 

prevent their possible disruption during surgery. 

Consider some pathological conditions of the human body.  

Osteopathies. Osteopathies in the vast majority of cases are not independent diseases, 

but are the response of the bone tissue of some parts of the skeleton to the influence of exo- 

and endogenous factors. The spine, limbs and pelvis bones are usually affected, less often the 

skull vault. Changes in the bone tissue of the jaws are rarely observed in generalized pathology 

of the skeletal system. 

The most common forms of osteopathy are systemic osteoporosis and osteomalacia.  

А. Osteoporosis is a systemic disease characterized by a decrease in the mineral density 

(unit mass/volume) of normally mineralized bone. The concern that osteoporosis is a risk factor 

for dental implants is based on the assumption that the bones of the upper and lower jaw are 

similarly affected to other bones in the body when bone metabolism is impaired. However, 

because the potential relationship between osteoporosis and decreased oral bone mass or 

density is controversial, it is difficult to assess whether the quantity and quality of mandibular 

and maxillary bone parallels that of the rest of the skeleton. Also of concern is the suggestion 

that impaired bone metabolism, as occurs in osteoporosis, may affect the axial integration of 

bone remodeling implants – a heterogeneous process. Bone remodelling differs from one bone 

to another, between cortical and trabecular bone and from one trabecular bone site to another. 

Trabecular bone is significantly more affected by metabolic changes in the skeleton and is lost 

annually in 0.7% of men and 1.2% of premenopausal women.After menopause, the decrease 

in trabecular bone density exceeds that of cortical bone 

Because of this decrease, the bone of the upper jaw, which consists mainly of trabecular 

bone, is more susceptible to rapid and severe atrophy than the lower jaw, which consists 

primarily of compact bone. Osteoporotic fractures often heal easily. This suggests that the 

recovery process of osteoporotic patients remains satisfactory, indicating that the processes of 



bone reconstruction after implant placement in patients with osteoporosis may not differ 

significantly from those observed in healthy patients  

Osteoporosis is a decrease in the total volume of bone tissue. There are primary and 

secondary osteoporosis. Primary osteoporosis includes age-related bone loss or osteopathies of 

unclear etiology – postmenopausal, senile, juvenile, idiopathic osteoporosis. 

Secondary osteoporosis is associated with the underlying disease and can be a 

consequence: 

- pathology of the endocrine system (thyrotoxicosis, hypogonadism, 

hyperparathyroidism, insulin-dependent diabetes mellitus, hypercorticism); 

- rheumatic diseases (rheumatoid arthritis, systemic lupus erythematosus, ankylosing 

spondylitis); 

- kidney diseases (chronic renal failure, renal tubular acidosis, Fanconi syndrome);  

- diseases of the digestive system (malabsorption syndrome, chronic liver diseases, 

condition after resection of the stomach and small intestine, gastroduodenal anastomosis); - 

- blood diseases (myeloma, hemolytic anemia, thalassemia, systemic mastocytosis, 

leukemia and lymphoma); – genetic disorders (osteogenesis imperfecta, chondrodysplasia, 

dysostosis, hypophosphatasia, homocystinuria and lysinuria). 

The cause of secondary osteoporosis can be long-term use of certain medications 

(iatrogenic osteoporosis): corticosteroids, anticonvulsants, immunosuppressants, thyroid 

hormones, Dilantin, barbiturates). 

B. Osteomalacia is a skeletal pathology in which there is inadequate mineralization of 

the organic bone matrix while maintaining normal skeletal mass and bone volume. The causes 

of osteomalacia can be 

- insufficient intake of vitamins in the body (hypovitaminosis);  

- vitamin D metabolism disorders (cirrhosis and chronic hepatitis, chronic renal failure, 

parathyroid hormone deficiency) 

- induction of enzymes by some drugs, primarily barbiturates; 

- negative phosphorus balance and hypophosphatemia due to malabsorption, excess 

parathyroid hormone, hemodialysis, antacids, prolonged use of tetracycline and other 

osteotropic antibiotics, heparin, as well as lead intoxication and iron overdose;  

- inhibition of mineralization by drugs containing diphosphonates, sodium fluoride, 

aluminum; – prolonged intake of laxatives (can cause calcium, phosphorus and protein 

deficiency). 

Cardiovascular diseases (CVD) 



CVDs take many forms and include a variety of conditions such as hypertension, 

atherosclerosis, vascular stenosis, coronary artery disease and congestive heart failure. CVDs 

in general directly affect the blood supply to tissues through various mechanisms. The presence 

of adequate oxygen increases fibroblast activity, collagen synthesis, capillary growth and 

macrophage activity, which in turn prevents wound infection. These five forms of CVD 

compromise blood circulation and reduce oxygen and nutrient tension. Thus, we can expect to 

observe a potential impact on the outcome of the osseointegration response. 

Hadivi et al. conducted a retrospective study to evaluate the outcomes of implant 

treatment in patients with CVD. A total of 246 consecutive patients were treated, which 

included a CVD group of 39 patients, control subgroups of 98 healthy patients and 109 patients 

with a history of other systemic diseases. In this study, the differences in implant failure rates 

between the groups were not significant. Although the sample size was small, the results 

suggest that CVD may not be a strong risk factor for successful osseointegration. 

Coronary heart disease (CHD) is most commonly manifested by angina or myocardial 

infarction (MI). It is the leading cause of sudden death in the world. MI occurs when the 

coronary arteries are severely blocked.  

MI is associated with discomfort and severe crushing pain in the chest, which may 

radiate to the neck, jaw or left arm. The biggest risk is ventricular fibrillation, and most deaths 

occur within 12 hours of the attack. Of course, implantation is contraindicated during this 

period. 

Heart disease occurs when the heart valves do not work as they should. Valve disease 

can be congenital or acquired, and often the cause is unknown. According to Riz and Meli, the 

most important goal of dental and implant therapy in patients with valvular heart disease is the 

need to prevent infective endocarditis. 

Dental procedures that last more than 15 minutes cause bacteremia. Bacteria can 

multiply on abnormal or damaged heart tissue, especially valves, which can cause endocarditis. 

The percentage of patients with endocarditis who have recently had dental treatment varies 

widely in the literature, from 3 to 40 percent. 

According to the American Heart Association, there is a risk of infective endocarditis, 

and antibiotic prophylaxis is recommended for patients with: 

- artificial heart valves;  

- infective endocarditis in history; 

- serious congenital or acquired heart disease; 

 – heart transplantation. 



Diseases that disrupt osteogenesis. These include thyroid diseases, pars plana 

diseases, diabetes mellitus, pituitary diseases, adrenal pathology, blood diseases. 

1. Diseases of the thyroid gland. In the pathology of the thyroid gland there is an 

increase (hyperthyroidism) or decrease (hypothyroidism) in the production of thyroid 

hormones. Excess of thyroid hormones occurs in diffuse toxic goiter (Graves' disease), nodular 

toxic goiter (Plummer's disease), thyroid adenoma. Hyperthyroidism causes increased 

structural restructuring of the bone, in which bone resorption prevails, and also reduces the 

level of its mineralization. 

Lack of thyroid hormones is a consequence of chronic thyroiditis, idiopathic thyroid 

atrophy, thyroidectomy. It can also be observed in case of iodine deficiency in food and after 

treatment of Graves' disease with radioactive iodine. Hypothyroidism suppresses the processes 

of bone structural remodeling. 

2. Diseases of the parathyroid glands. The causes of hyperparathyroidism are: adenoma 

and secondary hyperplasia of the parathyroid gland due to chronic renal failure, 

hyperphosphatemia, hypocalcemia, malabsorption syndrome or vitamin D deficiency. 

Hyperparathyroidism leads to a sharp activation of bone metabolism with a predominance of 

its development. 

Resorption of bone is ahead of the formation of new bone tissue, and generalized 

osteoporosis occurs. Partial or even complete resorption of interroot septa and alveolar walls 

of teeth is typical for hyperparathyroidism. Hypoparathyroidism is usually the result of surgical 

removal of the parathyroid glands, as well as neck surgery, when temporary 

hypoparathyroidism can be observed due to ischemia of the parathyroid glands. 

Hypoparathyroidism leads to a decrease in vitamin D production. 

3. Diabetes mellitus. Diabetes mellitus is divided into two categories – type I, or insulin-

dependent diabetes, and type II, or insulin-independent diabetes. Type I diabetes is 

characterized by a complete cessation of insulin synthesis, which suppresses metabolism, leads 

to damage to small and large vessels and peripheral neuropathy. Insulin acts as an anabolic 

hormone, stimulates the synthesis of proteins, collagen, fatty acids and their esterification with 

the formation of triglycerides. 

Insufficient or inadequate action of insulin on target cells causes disturbances in 

nutrient intake, accompanied by excessive use of endogenous energy reserves, which increases 

tissue catabolism, reduces cellular activity, resulting in a decrease in the ability to regenerate 

body tissues. 



In insulin-dependent diabetes mellitus, there are signs of osteopenia and 

microangiopathy that cause inflammation of the bone marrow stroma (myelitis), which leads 

to impaired metabolism of bone tissue itself. In addition, insulin deficiency decreases the 

production of collagen by osteoblasts, as well as the stimulation of osteoblasts mediated 

through insulin-like and other growth factors (the process of osteoinduction is disrupted). In 

this type of diabetes, patients produce a certain amount of insulin, but often insufficient to 

maintain adequate glucose homeostasis and prevent hyperglycemia. 

Type II diabetes usually affects people with excessive body weight; the main goal of 

treatment is to reduce it. Many patients who have achieved significant weight loss through diet 

and exercise normalize their glycemic levels. Sometimes, if the diet is ineffective, insulin is 

administered to such patients to prevent hyperglycemia. In type II diabetes angiopathy and 

bone metabolism disorders are rarely observed. 

Despite widespread prevalence worldwide, there is little evidence of diabetes as a direct 

risk factor for complications or rejection of dental implants. Diabetes is associated with a wide 

range of systemic complications, including microvascular and macrovascular disease, altered 

wound healing and increased susceptibility to infection. These conditions can increase the risk 

of post-surgical complications after dental implant placement. In addition, diabetes is a major 

risk factor for periodontal disease. Dental implants are often used to restore chewing function 

in partially elderly patients. In these customs, the clinician should conduct a thorough 

examination of the remaining teeth and should understand the factors that increase the risk of 

periodontal destruction. 

Diabetes negatively affects bone metabolism, with decreased osteoblast differentiation 

and proliferation, decreased collagen production and increased osteoblast apoptosis, as 

demonstrated in hyperglycemic environments. Thus, in animals with type I diabetes, a decrease 

in the contact of bone to implants on the treated surface and rough surface dental implants 

placed in animals is detected. The volume of trabecular bone around the implants is also 

reduced in diabetic animals. The cortical bone remains relatively unused. Conversely, animals 

with type II diabetes showed no difference in axial integration or trabecular bone volume 

around the treated surface implants compared to non-diabetic control animals. If diabetes 

adversely affects osseointegration, there is a greater chance of loss of implants that are placed 

in areas with a predominance of cancellous bone, such as the maxilla, than in regions with an 

abundance of compact bone, such as the anterior mandible. Interestingly, when insulin is used 

to establish glycemic control in diabetic animals, bone-implant contact is markedly increased 



compared to animals with uncontrolled diabetes, suggesting that establishing sufficient 

glycemic control may be an important factor in osseointegration 

One of the most important factors in preventing systemic diabetic complications such 

as retinopathy, nephropathy and neuropathy is the establishment of appropriate glycemic 

control. Typically, glycemic control is assessed clinically using a glycated hemoglobin or 

HbA1c test. This analysis allows to determine the average glucose level for 2-3 months 

preceding the test. Normal HbA1c is less than 6%. The American Diabetes Association (ADA) 

recommends that most people with diabetes try to control their blood glucose levels carefully 

enough to keep their HbA1c below 7%. There is strong evidence that improved glycemic 

control reduces the risk of long-term diabetic complications. However, there is little evidence 

evaluating the impact of glycemic control on dental implant survival or complications in people 

with diabetes. Very few studies on implants have even examined the level of glycemic control 

in diabetic patient populations. A recent study examined how glycemic control affects implant 

complication rates in type II diabetics with HbA1c levels ranging from 4.5% to 13.8%. All 

implants were successfully integrated and functioning at least 1 year after placement. This 

small study suggests that implants can be successfully placed in diabetic patients with a 

glycemic control range of up to 13.8%. 

In general, poor glycemic control is considered a risk factor for post-surgical infection. 

Thus, the indications for implantation should be carefully evaluated in diabetic patients with 

poor glycemic control. 

4. Diseases of the pituitary gland. They are associated with insufficient 

(hypopituitarism) or excessive (hyperpituitarism) production of hormones (oxytocin, 

somatotropic, thyrotropic, adrenocorticotropic and some others). In most cases, pituitary 

pathology is a consequence of benign tumors of the hypothalamic-pituitary region 

(craniopharyngoma, pituitary adenoma, meningioma). In hyperpituitarism, acromegaly, 

Itsenko-Cushing's disease, and less often hyperthyroidism develop; in hypopituitarism – 

hypotrophy, adrenal insufficiency and hypothyroidism. 

Thus, pituitary diseases involve multiple target organs, such as the thyroid gland, 

adrenal glands or gonads, which are responsible for bone metabolism.  

5. Adrenal pathology. Manifestations of diseases of the adrenal cortex are caused by 

excessive production of cortisol (Itsenko-Cushing's disease), aldosterone (primary 

aldosteronism), androgens (congenital adrenal hyperplasia) and insufficient release of cortisol 

and aldosterone (Addison's disease). 



Adrenal pathology can be the result of adrenal cortex hyperplasia, ectopic production 

of adrenocorticotropic hormone by the pituitary gland and some tumors (carcinoma of the 

pancreas, lung and bronchi), long-term treatment with glucocorticoids for bronchial asthma, 

arthritis and other diseases. 

Adrenal hormones, on the one hand, slow down the differentiation of osteogenic cells 

into osteoblasts, reduce the stimulating effect of growth factors and inhibit calcium absorption 

in the intestine. On the other hand, these hormones increase bone resorption. Thus, adrenal 

diseases, characterized by excessive production of glucocorticoids, significantly inhibit 

osteogenesis. 

6. Blood diseases. Hematopoietic tissues and blood cells are in close functional 

connection with bone tissue and its elements. Therefore, hemoblastosis causes not only diffuse 

infiltration of the bone marrow, but also focal destruction of the spongy layer of bone and 

impaired bone regeneration. Bone loss can be observed in lymphogranulomatosis (Hodgkin's 

disease), thalassemias, leukemias, hemolytic anemias. 

7. Diseases of the gastrointestinal tract. In cholelithiasis, the prevalence of osteopenia 

can range from 55.3-61.7%. At the same time, vitamin D deficiency is observed in 69% of 

patients with cholelithiasis. 

Chronic liver diseases are also associated with significant disorders of mineral 

metabolism, which in turn depends on the etiological factors and severity of the disease. A 

frequent disorder of mineral metabolism in patients with chronic hepatitis is a tendency to 

hypocalcemia, hypomagnesemia and hypercalciuria; in patients with cirrhosis – statistically 

significant hypocalcemia against the background of increased urinary calcium losses, 

hyperphosphaturia and hypomagnesemia. 

The prevalence of decreased bone mineral density in patients with Crohn's disease and 

chronic ulcerative colitis varies widely, but usually affects about 25% of patients. Bone 

remodeling disorders are also associated with diseases accompanied by impaired absorption 

syndrome (gluten enteropathy, short small intestine syndrome). 

In liver cirrhosis of HCV (hepatitis C virus) and HBV (hepatitis B virus), there is an 

increase in the concentration of parathyroid hormone with the formation of secondary 

hyperparathyroidism syndrome, which causes pathogenetic features of remodeling processes, 

and a deficiency of active metabolites of vitamin D, especially in diseases of alcoholic etiology 

and in the stage of decompensation. 

The course of liver cirrhosis in men is associated with a decrease in blood testosterone 

concentration; the degree of decrease is determined by the degree of hepatocellular 



insufficiency and does not depend on etiological factors. One of the potential mechanisms for 

the development of osteoporosis in chronic liver disease is insufficient bone formation due to 

the harmful effects of substances such as bilirubin and bile acids, or the toxic effects of alcohol 

or iron on osteoblasts. 

8. Diseases of the urinary system. In renal failure, all links of hormonal regulation of 

phosphorus-calcium metabolism are disrupted. Already in the early stages of chronic renal 

failure, due to increased secretion and slowed degradation in the kidneys, the level of 

immunoreactive parathyroid hormone increases in the blood of patients. 

Simultaneously with the fall of acid phosphatase, phosphorus retention occurs, which 

causes a decrease in serum ionized calcium and further enhances the production of parathyroid 

hormone. An increase in serum parathyroid hormone concentration induces phosphaturia and 

returns phosphorus levels to normal, accompanied by an increase in serum calcium. Thus, at 

the cost of parathyroid hormone hypersecretion, a new state of phosphorus balance is 

established. 

9. Diseases of the central nervous system. These include mental diseases and neuroses, 

alcoholism and drug addiction. 

9.1. Mental diseases and neuroses. In case of schizophrenia, paranoia, Alzheimer's 

disease, lack of mental development (lack of motivation) and other diseases that lead to a 

decrease in intelligence or distortion of the psyche, it is impossible to apply the partnership 

model and conduct adequate treatment.  

Alzheimer's disease 

Alzheimer's disease is the most common form of dementia. It accounts for 60% of cases 

of people with loss of cognitive function. It is a cerebral degenerative disease with an unknown 

cause, characterized by memory loss with relatively normal emotional effects. The onset of 

Alzheimer's disease is usually precisely dated. The disease has an average age of onset of 53 

years, and is thought to be an accelerated form of dementia with a marked inability to initiate 

spontaneous movement and gradual impairment of intelligence and memory. 

The clinical course of the disease will vary from patient to patient. The first stage is 

characterized by memory loss, spatial or temporal disorientation, lack of spontaneity and errors 

of judgment. It is believed that this stage lasts from 2 to 4 years. People in this stage prefer 

familiar people, places and things and are easily upset. Less attention will be paid to appearance 

and hygiene. 

The second stage is characterized by more rapid and focal losses of cognitive function 

and partial or complete intermittent loss of language. The ability to make purposeful movement 



is lost (apraxia), making the person partially or completely unable to perform activities of daily 

living. 

Visiting the dentist can be challenging for both the patient with Alzheimer's disease and 

the caregiver. The goal of dental care is to prevent loss of oral health functions despite loss of 

cognitive function. Prevention of dental disease is critical to the success of oral health. 

When considering the placement of dental implants in a patient with Alzheimer's 

disease, it is advisable to carefully review prescribed medications along with an assessment of 

caregiver commitment and responsibility. Post-surgical oral hygiene, xerostomia management 

and regular preventive treatment are critical to the long-term success of the Alzheimer's patient. 

Parkinson's Disease 

Parkinson's disease (PD) is a chronically progressive neurological disorder caused by 

neurodegeneration and results in a deficiency of dopaminergic neurotransmitters. 

The cardinal symptoms characterize CP and cause disability in patients: rigidity, tremor 

and bradykinesia. Stiffness is caused by increased muscle tone. Muscles are rigid and 

movement is jerky or slow. Tremor is a tremor at rest, which is observed with a frequency of 

3-5 Hz. Voluntary movements slow down and their initiation is difficult or impossible 

With this in mind, the attending physician should be merciful in scheduling 

appointments and not rush them while the patient is in the clinic. Increasing the emotional 

stress in this way tends to exacerbate the external symptoms of tremor, making it more difficult 

to perform the dental work scheduled for that day. 

Helping CP patients with fine motor skills related to oral hygiene around dental 

implants by offering additional oral hygiene products designed for people with disabilities, as 

well as therapeutic products for caries treatment. 

In the past, medical treatment for PD was limited. However, today, patients with 

Parkinson's disease have new drug therapy options that allow them to live an exceptionally 

productive life despite the movement disorder.  

Contraindications include some forms of psychoses and neuroses, such as 

dysmorphophobia and especially carcinophobia. As experience shows, sooner or later there 

will be a dentist or "specialist" who, due to the lack of concept of professional ethics and 

iatrogenic diseases, will express to the patient an original "hypothesis" about the connection of 

implantation with oncological pathology. As a result, the patient suffering from carcinophobia, 

and with him the dentist who performed the implantation, will be doomed to long mental and 

physical torment, unjustified removal of implants and irrational prosthetics, for example, 



removable, after which, to a greater extent than after any other method of dental prosthetics, 

the development of neoplasms in the tissues of the foundation area can be predicted. 

It should also be borne in mind that some forms of psychoses and neuroses are the 

consequence or symptoms of endocrine diseases. For example, depression can be the result of 

excessive production of cortisol by the adrenal cortex and hypothyroidism, and in 

hyperthyroidism and hyperparathyroidism, emotional lability and impaired mental activity are 

often observed. 

9.2. Alcoholism and drug addiction. Alcoholism and drug addiction cause not only 

mental changes, but also a number of somatic disorders that affect osteogenesis. In alcoholism, 

there are pathophysiological mechanisms of osteopathy: malabsorption of important for bone 

tissue minerals, amino acids and vitamin D; impaired metabolism of vitamin D due to cirrhosis 

and other liver pathology; increased excretion of calcium in the urine; possible excessive 

production of adrenal cortex hormones. 

Diseases, treatment of which can cause bone metabolism disorders.  

These include oncological diseases, systemic connective tissue diseases, allergic 

diseases.  

1. Oncological diseases. Oncological diseases require priority, serious treatment. 

Dental implantation, of course, cannot be carried out until the predicted remission is 

achieved. However, when a stable remission or even complete recovery is achieved, some 

treatments used in oncology create a number of problems for implantation. First of all, it is 

radiation and chemotherapy. 

In addition to acute local reactions (swelling, inflammation), radiation causes chronic 

side effects, in particular radiation osteopenia, necrosis of bone tissue in the area of exposure, 

local secondary osteoporosis, and also reduces the ability of bone to regenerate. Local 

irradiation in a total dose of more than 15 Gy leads to radiation demineralization of bone. 

Drugs used in chemotherapy have a pronounced side effect on organs and tissues that 

are actively involved in osteogenesis. Almost all groups of cytostatics suppress the activity of 

bone marrow, pluripotent (including osteogenic) stem cells and cause general intoxication of 

the body. 

It is believed that significant toxic effects and metabolic disorders as a result of 

chemotherapy may disappear in 6-8 months after the end of the treatment.  

2. Systemic connective tissue diseases. These diseases include systemic lupus 

erythematosus, dermatomyositis, Sjögren's syndrome. 



The pathogenesis is based on changes in humoral and cellular immunity. The direct 

impact of this group of diseases on the vital activity of bone tissue has not yet been proven. It 

is believed that this pathology can cause osteogenesis and osteoporosis due to the development 

of secondary hyperparathyroidism and as a result of treatment of these diseases with 

glucocorticoids, heparin and indirect anticoagulants. 

There is also a whole group of congenital systemic connective tissue diseases inherited 

by autosomal dominant type: Knist, Gurler, Menkes syndromes, Gaucher, Niemann-Pick 

disease, various types of congenital dysplasias and dysostoses. They are accompanied by quite 

severe forms of osteopathy. 

3. Allergic diseases. An implant made of non-biological, biotolerant material, in 

principle, should not cause an allergic reaction. However, in a small number of people, some 

metals can cause allergies and so-called metallosis. Therefore, we cannot absolutely exclude 

the occurrence of an allergic reaction to titanium, from which almost all dental implants are 

made. 

In addition, for prosthetics on implants, alloys containing cobalt and chromium are used 

as the metal base of prostheses, which have a fairly high allergenic potency in relation to other 

metals. Therefore, in the presence of metal allergy, the necessary tests should be performed to 

determine the possibility of implantation and the use of different metals for prosthetics. 

In some allergic diseases, such as serum sickness, severe bronchial asthma and 

pollenosis, Lyell's and Stevens-Johnson syndromes, corticosteroid hormones are used for a 

long time, causing changes in bone metabolism.  

Diseases that reduce the body's resistance to infections.  

Immunodeficiency – congenital or acquired diseases that develop as a result of various 

shifts in the immune response: 

- defects of the complement system (lupus-like syndrome and systemic lupus 

erythematosus, Sjögren's syndrome, rheumatic diseases, polymyositis, scleroderma, recurrent 

severe infections caused by pyogenic and gram-negative flora, recurrent meningo- and 

gonococcal infections); 

- phagocytic disorders (chronic granulomatous diseases, Chediak-Higashi syndrome);  

- humoral deficiency syndromes (Bruton's agammaglobulinemia, common variable 

immunodeficiency, selective IgA deficiency); 

- cellular immunodeficiency states (hypoplasia of the thymus and parathyroid glands); 

- human immunodeficiency virus, which leads to progressive destruction of the immune 

system and ultimately to acquired immunodeficiency syndrome (AIDS). Immunodeficiency 



can affect a patient's ability to fight infection and can alter wound healing after injury or 

surgery. Infection with the human immunodeficiency virus (HIV) leads to severe changes in 

immune function. As the disease progresses, the patient may experience signs and symptoms 

of acquired immunodeficiency syndrome (AIDS), including oral lesions and infections. 

Despite the fact that advances in therapy over the past 20 years have radically changed the lives 

of people with HIV, the disease remains the leading cause of death worldwide. In the United 

States, the European Union and other parts of the industrialized world, the use of highly active 

antiretroviral therapy (HAART) has led to a reduction in mortality rates for HIV patients. 

HAART has allowed many HIV infected people to live long and productive lives with 

relatively few medical complications. This means that the dentist is likely to see HIV patients 

who wish to replace missing teeth with dental implants or supported restorations. 

To date, there is little research on the outcomes of dental implants in patients with HIV, 

other than a few case reports that have been published after HAART use. These publications 

demonstrate that dental implant survival rates are similar in HIV-positive patients using 

HAART protocols compared to those observed in healthy patients. In addition, the incidence 

of postoperative complications in these cases was low, similar to what would be expected in a 

healthy population. It seems that HIV itself is not the main etiological factor in causing 

complications in implant treatment. However, each patient with HIV should be evaluated 

customly, as comorbid conditions such as hepatitis or other viral infections, blood dyscrasias, 

opportunistic infections and certain forms of cancer may be contraindications to implant use. 

However, some general guidelines are useful for the management of HIV-infected 

patients undergoing pre-implantation evaluation: 

- Determine the duration of HIV infection; 

- Assess medical, dental and social history: – Determine the presence or absence of 

other significant systemic conditions: – viral infections (e.g., hepatitis, cytomegalovirus) – 

other systemic conditions – infection history – previous surgical history – assess past dental 

treatment (frequency/sequence, prophylaxis, types of treatment) – assess social history (habits, 

drug or alcohol use, tobacco use); 

- Consultation with the dentist: – general physical assessment – infection history – 

previous surgical history – viral load – CD4 cell count – assessment of the risk of postoperative 

infection – recommendations for a surgical treatment plan. 

The CD4 count measures the number of T-helper lymphocytes present. CD4 counts are 

commonly tested on HIV-positive customs to provide an approximation of the risk of infection. 

In general, CD4 counts decrease as HIV disease progresses. A normal CD4 count is 



approximately 500-1500 cells/mm3. HIV-infected people with CD4 counts below 200/mm3 are 

considered to have AIDS. Although CD4 counts often decrease in the early stages of HIV 

disease, the use of HAART leads to an increase in CD4 counts. The viral load test is reported 

as the number of viral copies/mm3. 

Systemic steroids are often used in the treatment of autoimmune disorders to suppress 

the immune response. Long-term systemic steroids may cause osteoporosis, which should be 

considered in the risk-benefit assessment for implant therapy (see Osteoporosis section). 

Systemic steroids may also cause secondary diabetes, which may also affect implant therapy 

(see Section "Diabetes"). Immunosuppressive therapy is commonly used in combination with 

organ transplantation, bone grafting and cancer therapy. There is little evidence to determine 

the impact of intentional immunosuppression on implant survival, failure or complication rates. 

Pathological conditions of the maxillofacial region and oral cavity. The presence of 

leukoplakia, stomatitis, xerostomia, caries, periodontitis and periodontal disease does not allow 

implantation due to the high risk of inflammatory complications. pathophysiological 

mechanisms of osteopathy Initially, it is necessary to carry out oral cavity sanitation and 

appropriate treatment – both local and general, if the pathology is a symptom of a general 

disease (for example, some forms of stomatitis and xerostomia). 

In addition, some anatomical and functional disorders, for example, macroglossia, 

malocclusion, temporomandibular joint diseases also require preliminary treatment or should 

be taken into account and included in the treatment plan for adentia with implantation.  

Contraindications to dental implantation are also bruxism and poor oral hygiene. 

Significant atrophy of the jaw bone tissue and unfavorable anatomical conditions 

currently cannot be considered as contraindications to implantation.  

Modern methods and means used in surgical dentistry and dental implantology allow 

implantation in almost any anatomical conditions. Therefore, the question of the possibility or 

impossibility of implantation with insufficient bone volume is rather a professional problem 

than a contraindication. 

Curable diseases, as well as pathology, in which it is possible to stabilize homeostasis 

and deactivate changes in the organs and systems of the body caused by any disease, 

pathological condition or drug due to modern methods of treatment, can be attributed to relative 

contraindications. 

Some diseases, the treatment of which can lead to temporary disorders of osteogenesis 

or the function of organs and systems responsible for bone metabolism and the body's 

resistance to infection, but with the preservation of the possibility and obvious expediency of 



fixed prosthetics on implants, can also be considered relative contraindications to implantation. 

For example, oncological diseases. With stable remission, implantation can be one of the links 

in the comprehensive rehabilitation of cancer patients. 

Another example is systemic connective tissue diseases; in Sjögren's syndrome, the 

desired result of implantation can be achieved with proper planning, adequate drug therapy of 

the underlying disease and symptomatic treatment of xerostomia. 

In addition to absolute and relative contraindications, there are diseases that should be 

treated in parallel with implantation, or implantation can be considered as one of the methods 

of treatment. These are usually dental pathologies: malocclusion, temporomandibular joint 

dysfunction syndrome, periodontitis and periodontal disease, which can create certain 

problems, so they can be considered risk factors. 

These are not contraindications, but only those diseases that create certain difficulties 

to achieve the predicted result, statistically reduce the effectiveness of implantation and can 

cause unsuccessful treatment. 

Risk factors include unfavorable anatomical conditions that require additional surgical 

interventions or non-standard approaches to treatment, as well as lifestyle, age of the patient, 

his intellectual level and emotional status. 

People have different lifestyles. Some are overly concerned about the standards of their 

figure and exhaust themselves with strict diets, which can lead to bone metabolism disorders 

(anorexia nervosa, which causes osteoporosis). Others suffer from obesity as a result of 

overeating, which can cause metabolic disorders and various diseases. Some people are 

careless about their health, neglect to maintain proper oral hygiene, abuse smoking, alcohol, 

coffee, which can also lead to impaired bone metabolism and contribute to the development of 

osteoporosis. 

Risk factors can also include some periods of human life. For example, disintegration 

of implants can occur in women during pregnancy or after 45 years due to changes in hormonal 

levels in the development of menopausal syndrome. It should also be borne in mind that in 

elderly people the chances of implantation success may be lower due to a decrease in the 

intensity of metabolic processes. 

Pharmacological aspects  

Corticosteroids  

Corticosteroids are used to treat various systemic diseases. Their use often leads to a 

reduction or elimination of the patient's immune response and makes patients more susceptible 



to bacterial, viral and fungal infections. These infections are difficult to treat with conventional 

therapy, and patients taking exogenous steroids are at risk of osteopenia and osteoporosis.  

Bisphosphonates  

Bisphosphonates are an established category of drugs that function as inhibitors of bone 

resorption by inhibiting osteoclast function. The effectiveness of these agents in the treatment 

and prevention of significant bone complications associated with these conditions has had a 

major positive impact on patients and is the reason for their widespread use in medicine. 

Despite these benefits, osteonecrosis of the jaws has recently become an important 

complication in a subgroup of patients treated with these drugs  

Anticoagulants 

They are usually prescribed for the treatment of a number of cardiac or vascular 

disorders, including atrial fibrillation, coronary heart disease, heart valve disease, prosthetic 

heart valves, post-MI, deep venous thrombosis, pulmonary embolism, cerebrovascular 

disorders and many others. Surgical interventions in the oral cavity, including dental implants, 

are a major health hazard for patients with a tendency to bleed. There are three main 

anticoagulants – coumarin, heparin and aspirin.  

In adults who are at risk of cardiovascular thrombotic attacks, low-dose aspirin (81 

mg/day) is an excellent prophylactic agent; however, its antiplatelet properties contribute to an 

increased risk of bleeding after tooth extraction. 

A slightly different scenario is presented with patients who take higher doses of aspirin 

(i.e., ≥1 g/day) and require dental interventions. These customs typically take higher doses of 

aspirin for its analgesic and/or anti-inflammatory properties, and do not have antithrombotic 

concerns. Therefore, in patients who take aspirin as an analgesic or anti-inflammatory agent, 

aspirin use may be discontinued before tooth extraction or surgery, as there is no risk of 

thrombosis in these patients. However, there are several studies that indicate that aspirin use 

can be continued without significant concern for dental bleeding if local hemostatic measures 

are taken. 

A number of factors affect patients receiving anticoagulants. These include the extent 

and urgency of the surgery, laboratory values, adherence to the dentist's recommendations, 

available resources, dental status and general condition of the patient. Whenever possible, 

potentially dangerous (major) surgical procedures are best performed in the morning, allowing 

more time for hemostasis before nightfall, and at the beginning of the week to avoid problems 

at the weekend when staffing may be less intense. 



Surgery should be performed with minimal trauma to both bone and soft tissue. Local 

measures are important to protect the soft tissue in the surgical area and minimize the risk of 

postoperative bleeding. In the case of major extractions where the mucoperiosteal flaps must 

be elevated prior to implant placement, it is advisable to leave the lingual tissue in the lower 

molar areas undisturbed, as trauma can open up planes into which hemorrhage can penetrate 

and threaten to enter the airway. 

According to Scully and Cawson, bleeding should be evaluated intraoperatively and if 

there is concern, a hemostatic agent such as absorbable gelatin sponge, collagen (synthetic or 

microcrystalline or porcine), cyanoacrylate or fibrin adhesives, which are composed mainly of 

fibrinogen and thrombin and provide rapid hemostasis and tissue sealing, should be placed at 

the extraction site. 

It is advisable to stabilize the sutures with gingival flaps and prevent postoperative 

wound disturbance during eating. Nonabsorbable sutures should be removed after 7 -12 days. 

The World Health Organization recommends determining laboratory values of INR 

international normalized ratio for reporting prothrombin time (PT) (Table 4.1). The INR is the 

ratio of the PT (patient PT / reference PT) If the INR is greater than 3.5 and with other risk 

factors, the patient should be treated in hospital. 

 

Table 4.1 

Laboratory values INR (international normalized ratio) 

HbA1c Prothrombin time Thrombotest INR 

Normal level < 1.3 > 70% 1 

Therapeutic range 2–4.5 5-20% 2.5 

Levels at which minor oral 

procedures can be performed 
< 2.5 > 15% < 3.5 

 

4.2. Examination and determination of anatomical and topographic conditions for 

implantation  

 

At the preoperative stage, it is extremely important to correctly determine the size of 

the alveolar ridge of the upper jaw or the alveolar part of the lower jaw, the type of adentia, to 

identify the degree of bone atrophy of the jaw tissue, to assess its architectonics and density to 

solve the main tasks of planning dental implantation and predicting treatment. 



Since practitioners solve different tasks depending on the clinical situation, it is 

necessary to study various diagnostic methods, to standardize the patient's examination scheme 

for bone reconstructive surgery for bone deficiency. This will allow to choose the most optimal 

surgical method, determine the amount of biomaterial and decide on the staging of operations. 

This position should be used in each custom case of plastic surgery for bone deficiency, 

which will determine the different options for surgery and preventive orientation of complex 

treatment of patients to reduce the percentage of complications. Therefore, unified approaches 

are needed in the diagnosis and development of differentiated methods of reconstruction in 

case of bone deficiency on the alveolar ridge, when performing dental implantation surgery 

and methods of complication prevention. 

When planning dental implantation, it is necessary to choose the right place of implant 

placement, the type of implant system, to estimate the possible number of implants to be placed. 

Of decisive importance is the bone structure of the jaws, the reliable condition of which can be 

judged only by the results of radiation research methods.  

When collecting anamnesis, it is necessary to consider the following factors:  

1. Cause and duration of tooth loss; 

2. Method of previous prosthetics. If removable dentures were made, but the patient 

cannot use them, the reason should be found out (vomiting reflex, psychological factor, pain in 

the area of the foundation area); 

3. Past and concomitant diseases. It is necessary to clarify the presence of local diseases 

(diseases of the paranasal sinuses, oral mucosa, neuro – dental pathology), as well as to collect 

information about previous operations;  

4. Social status of the patient, his requests, expectations from treatment and wishes. 

External oral examination 

During the external oral examination, attention is paid to the condition of the tissues of 

the maxillofacial area, anatomical formations, skin color, palpation of the lymph nodes, 

determine the degree of mouth opening, aesthetic defects. 

The interposition of the upper and lower lips, their mobility and articulation 

capabilities, the severity of nasolabial folds and folds in the corners of the mouth are evaluated. 

In the case of prosthetics of the dentition of patients with an alveolar smile, that is, a significant 

exposure of the gingival margin, there is always a high degree of risk in terms of aesthetics of 

the features.  

When examining the oral cavity, it is necessary to determine  

- type of adentia;  



- condition of the remaining teeth;  

- the length of the dentition defects;  

- state of oral hygiene;  

- bite;  

- interalveolar height in the area of dentition defects;  

- condition of the oral mucosa; 

- depth of plaque in the oral cavity;  

- smile line. 

 

 

Fig.4.2. When smiling, the gingiva is exposed, which is an aesthetic risk factor during 

implant placement. 

 

All pathological processes in the oral cavity should be eliminated before implantation. 

Explanation of contraindications to implantation to patients should be carried out very 

carefully, with strict adherence to deontological principles. It should be emphasized that with 

the development of implantology, contraindications will be narrowed, and removable 

structures should be considered as a stage that has an important therapeutic and preventive 

value. Theoretically, any edentulous area of the jaw can be restored with a dental implant. 

Of particular importance in the planning of dental implantation have now acquired legal 

issues. Before starting the intervention (treatment), it is necessary to conclude and sign a 

contract that provides for the possible consequences and actions of the parties. The patient must 



be familiarized in detail with the treatment plan, prognosis, possible complications, warned 

about the possibility of implant rejection. 

In addition, the patient should be provided with objective information about the 

possibility of alternative methods of treatment. The expected result of treatment should be 

discussed with the patient. When planning dental implantation and to predict its results, it is 

recommended to find out the functional qualities of previously manufactured prostheses. 

For successful implant placement it is necessary to consider the following basic 

requirements:  

1. The width of the bone tissue in the bucco-lingual direction is at least 6-7 mm.  

2. The distance between adjacent teeth is not less than 7-8 mm.  

3. Bone thickness above the mandibular canal and below the maxillary sinus 10 mm (or 

special surgical preparation is required). 

4. For the manufacture of a supraconstruction supported by implants, the distance 

between the dental arches is 5 mm; 

5. The minimum distance between implants should be 2-3 mm to create conditions for 

bone tissue regeneration. 

The minimal thickness of the cortical lamina and the low density of the cancellous bone 

of the bone placement area call into question the success of the osseointegration of the implant. 

Top-down planning refers to defining a restorative treatment plan and considering all 

treatment options before developing the necessary surgical treatments. In this way, a treatment 

plan will be developed with the end goal in mind. Flaws in restorative or surgical planning can 

lead to failures and complications. When considering a prospective implant site, it should be 

evaluated as if it were a tooth receiving a conventional fixed restoration.  

The first step is to evaluate the site for the new restoration. Is there adequate occlusal 

clearance? In severe cases, there may not be room to place any prosthesis on the implant. There 

must be sufficient height for implant placement to ensure adequate retention of the crown.  

 



 

Fig. 4.3. Insufficient interocclusal height. Popov-Godon`s phenomenon. 

 

The periodontal status of the patient is determined using the WHO indices: SPI and 

gingival attachment loss index. An important component of the examination is the assessment 

of oral hygiene 

The preserved volume of the alveolar ridge will provide a more favorable place for 

future implant placement.  

Examination of the mucous membrane: the presence of inflammation, hypertrophy, 

keratosis, fibrosis, manifestations of cancer, precancer. gingiva biotype is determined. Gingival 

tissue biotype can be classified as thin and scaly or thick and flat. Thick and flat biotype is 

more favorable for treatment with implants. A thicker biotype can provide a wider occlusal 

space for implant placement. Aesthetically, this biotype does not require re-creation of papillae 

that are interproximal to the final prosthesis. Therefore, implant success from a functional and 

aesthetic point of view is improved with thick and flat periodontal biotypes. 

Around the implant there should be a rim of attached gingiva, and the smaller the width 

of this zone, the greater the likelihood of an inflammatory reaction of the tissue around the 

implant. The width of the fixed mucosa around the implant should be at least 3 mm. 

Tables 4.2. and 4.3 present the comparative characteristics of gingiva biotypes, the 

reaction of thick and thin soft tissue biotypes to pathological processes and surgical 

interventions. 

 

Table 4.2 

Comparative characteristics of gingiva biotypes. 



Thick biotype Thin biotype 

Flat form of soft tissues and bone tissue A pronounced scalloped shape of soft tissues 

Thick fibrous soft tissues Fabrics are soft, delicate, thin 

A wide strip of attached gums A narrow strip (absence) of attached gums 

Thick vestibular wall of the bone of the 

alveolar process 

Thin vestibular bone wall, frequent dehiscence 

and fenestration 

 

Table 4.3 

Comparative characteristics of tissue reaction of thick and thin biotypes of soft 

tissues to pathological processes and surgical interventions 

 Thick biotype Thin biotype 

Reaction to the disease 

process (inflammation) 

The emergence of pathological 

pockets and bone destruction 
Clear recessions 

Reaction to trauma Low sensitivity to injuries Clear recessions 

Position of tissues after 

surgical operations 

Predicted position of soft 

tissues and bone 

The position of tissues is 

difficult to predict 

Extractions 
Small resorption of the 

alveolar process 

Significant resorption of the 

alveolar process 

 

Keratinized tissue, although not a prerequisite, is considered by many clinicians to be 

beneficial to the implant. Therefore, potential implant sites should be evaluated for the amount 

of keratinized tissue. If the site lacks adequate keratinized tissue, then a soft tissue graft can be 

performed earlier, at the time of implant placement or at a second-stage surgery when the 

implant is not exposed and healed abutments are attached. Gingival grafts will provide a band 

of keratinized tissue to the alveolar ridge. Connective tissue grafts can augment the attached 

soft tissue. This band of attached tissue will provide a strong soft tissue cuff.  



4.3 Selection of the required number and location of implants 

 

The intraoral examination should also evaluate the tooth position and occlusion. Since 

implant dentistry is a restorative necessity, it is of fundamental importance to determine the 

relationship between the proposed implant site, its restoration and the remaining occlusion. If 

there is a small bite, will the success of the implant restoration be affected? Will the implant 

be subject to parafunctional forces or will it be subject to occlusal overload? Intraoral 

examination should evaluate tooth occlusion, tooth overstress, axial tilt and rotation.  

Periodontal therapy is essential to treat soft tissue inflammation and reduce the potential 

for infection for future implants. Periodontal therapy should be completed along with any 

necessary caries treatment before implant placement. 

For example, how to determine the number of implants needed to restore three adjacent 

missing teeth, a quadrant or a full arch? Using too few implants can lead to occlusal overload 

and eventual prosthetic failure. The use of too many implants can limit the interim space and 

cause difficulties with aesthetics, home care and access to the interim areas. 

What influences occlusion when determining restorative options for prosthetic 

restorations and the number of implants that should be used? In case of single defects of 

the dentition, the principle of implant isotopy is applied: the number of implants to be placed 

should correspond to the number of missing roots. 

Based on the principle: 

- in case of single defects of the frontal group of teeth (including premolars) it is 

necessary to place one implant; 

- in the absence of a molar – two implants. The exceptions are cases when due to the 

convergence of the teeth adjacent to the defect there is no space required for the placing of two 

implants. In this situation, one implant can be placed, but the diameter of the implant should 

be at least 4 mm (preferably 5-6 mm); 

- with included defects, a different number of implants can be placed, which is 

determined not so much by the type of adentia as by the design of the prosthesis and anatomical 

conditions; 

- in case of terminal defects of the dentition, a different number of several types of 

implants can also be placed; 

- with complete adentia, the number of implants can range from 2 to 16 for each jaw. It 

all depends on the method of prosthetics and anatomical conditions. 



Selection of the required number and rational placement of implants in case of complete 

adentia  

Treatment with implant overdentures is complex, multi-stage, and technologically 

complex. The primary task of clinicians is to assess the functional state of the supporting 

tissues. The greatest difficulties, and therefore the greatest number of irreversible 

complications, are associated with the choice of the number and size of implants and prosthesis 

design, taking into account the distribution of occlusal loads on the implant and alveolar bone 

(Olesova V.N. et al., 2004). In treatment planning, it is necessary to use radiography data, study 

diagnostic models of the jaws, make surgical templates, and carry out diagnostic placement of 

teeth. The basic principle in determining the number of implants for fixed prostheses is the 

correspondence of their number to the number of missing teeth (Losev F.F. et al., 2004; Brunski 

J.B., Skalak R., 1992). If it is impossible to place a sufficient number of implants, it is necessary 

to increase their length and diameter, splint them into blocks. In the treatment of patients with 

complete absence of teeth with removable prostheses, other principles of determining the 

minimum permissible and maximum possible number of implants are followed. 

The area of the edentulous lower jaw between the mental foramen is chosen for implant 

placement for several reasons. Firstly, this area is usually the most optimal for implantation in 

terms of bone height and density. Secondly, the anterior retention of the denture prevents shaky 

movements of the prosthesis, which cause rotational force and increased pressure on the 

components of the denture and bone-implant surfaces. The bone in the anterior zone of the 

lower jaw is conditionally divided into 5 equal areas, which serve as a potential implantation 

site (Misch S.E., 1999). Limitations of integration of the required number of implants are 

primarily due to insufficient bone volume and quality. According to clinical and radiological 

data, the maximum length, diameter and number of implants to be inserted are determined 

(Mirgazizov M.Z., Mirgazizov A.M., Mirgazizov P.M., 2004). According to F.Renouard, 

B.Rangert (2004), it is better to use 2 or 4 implants, not united by a beam, for fixation of 

complete dentures. The authors do not recommend fixation on three spherical implants, 

because the triangle of implants will prevent the movement of the prosthesis in response to 

occlusal forces. The base of the prosthesis should be designed in the same way as a traditional 

removable denture with observance of the conditions necessary for anatomical retention 

(Dadykin V.R., Dadykin A.V., Dadykina V.A., 2000). 

The number of implants for fixation of complete dentures reported by the authors of 

most publications ranges from 2 to 4. Naert et al. (1988) recommended to place a third implant 

in the midline of the mandible if during the operation the dentist had doubts about the success 



of osseointegration of one or two implants. However, in recent years, there has been a tendency 

to place two interforaminal implants, because, according to Bakke et al. (2002), Thomason 

(2002), they can provide effective retention of mandibular removable dentures in patients with 

complete edentulousness. 

Mirgazyzov M.Z., Mirgazyzov A.M., Mirgazyzov P.M. (2004) in case of complete 

absence of teeth in the lower jaw and severe bone atrophy in the molar segments recommend 

the manufacture of a fixed prosthesis on 6 implants with a cantilever extension of 2 teeth or a 

removable prosthesis with a beam attachment system with a reduction in the number of 

implants to two. F.Renouard, B.Rangert (2004) consider the possibility of using 4 – 6 implants 

placed along the arch to support a fixed complete denture on the lower jaw. 

In case of complete adentia, the number of implants can range from 2 to 16 per jaw. It 

all depends on the method of prosthetics.  

According to the staff of the Department of Prosthodontics with Implantology (2010), 

the use of a removable prosthesis, fixed with two implants with an intraosseous height of more 

than 10 mm, for prosthetics of edentulous jaw with ensuring the stability of the prosthesis, is 

possible in case of initial and moderate atrophy (type A, B, C) of the mandibular alveolar ridge 

in combination with high bone density and flattening of the frontal part of the alveolar arch, 

the distance between which should be 20 mm, followed by the manufacture of PSP with 

fixation with a spherical abutment (semi-labile fixation). 

When using removable dentures fixed with three intraosseous implants, the placement 

of the latter can be as follows: one implant is placed as medially as possible, which corresponds 

to the position between the central incisors, and two implants to ensure the stability of the 

prosthesis are placed in the places of the first premolars on each side. With a moderate degree 

of atrophy (type C) and a pronounced radius of the anterior part of the arch of the alveolar ridge 

of the lower jaw, it is necessary to place 3 implants with a height of the intraosseous part of 

more than 10 mm, followed by the manufacture of a complete denture with a beam fixation 

system (rigid fixation). 

The disadvantages of such placement of implants can be considered the perception by 

the anterior implant of the entire load that occurs when biting off food with incisors and as a 

result – possible overloads that can dramatically reduce the service life of the prosthesis.  

In case of significant (type D) atrophy of the lower jaw in combination with low bone 

density, it is recommended to place 4 implants and subsequent fabrication of complete denture 

with a beam fixation system, two of which are placed between the central and lateral incisors, 



and the other two to ensure the stability of the prosthesis – in the places of the first premolars 

on each side.  

In their book, Musheev I.U., Olesova V.N., Framovich O.Z. indicate that six implants 

are the minimum sufficient number of intraosseous cylindrical supports for further prosthetics 

with a fixed structure in case of complete adentia. Moreover, the length of these implants plays 

an important role – from 8 to 10 mm. 

Linkow L. describes the use of 3 lamellar intraosseous implants for the support of a 

bridge-like fixed structure in complete adentia. The author claims that there is no need to 

replace each missing tooth with an implant and that each implant is quite capable of supporting 

4-5 artificial teeth. 

The use of a small number of implants on a completely edentulous jaw as a surgical 

intervention makes it possible to successfully rehabilitate patients with complete absence of 

teeth, when most of the alveolar ridge is lost due to resorption and conventional methods of 

prosthetic treatment are ineffective (Adell R. et al., 1990; Worthington P., Lang B.R., LaVelle 

W.E., 1995). The indications for the use of a complete removable prosthesis supported by 

implants include the use of artificial supports with a reduced endoosseous part (less than 12 

mm) or in an amount insufficient to absorb the load from a fixed prosthesis; defects or 

unfavorable jaw ratio that adversely affect the biomechanical properties of the prosthesis 

(Ohrnell L.O., Palmquist J., Branemark P-I., 1992). 

Such approach is justified in such a state of the patient's health, when it is necessary to 

limit the scope of surgical intervention as much as possible; in case of refusal of the patient 

from complex operations for psychological, organizational or financial reasons. A certain 

group of patients, mainly elderly and senile, does not focused on fixed denture and is quite 

ready to use removable ones. The use of a limited number of implants allows to satisfy the 

needs of this category of patients in a low-traumatic and moderately priced way (Makaryevsky 

I.G., 2002). 

During implantation it is necessary to place as long as possible implant. The longer the 

implant, the better it is supported by the bone and the better redistribution of forces acting on 

it. The larger the diameter of the implant, the larger its surface and the stronger it is held in the 

bone.  

It is quite reasonable to place the implant between the cortical layers of the bone. The 

location between two cortical layers provides good stability of the implant, thus increasing the 

chances of success. One cortical layer is located at the top of the alveolar ridge of the jaw, and 

the second support for the implant can be the lower wall of the maxillary sinus, the base of the 



nose and the base of the mandible in the anterior region. Support on both cortical layers of the 

bone provides redistribution of vertical forces along the entire length of the cortical layer.  

Ideally, each implant should be balanced by another implant placed in the same area on 

the opposite side, i.e., the principle of symmetry should be observed. 

A sufficient number of supports in such cases should be combined with their optimal 

location. 

For fixed prosthetics with complete adentia, 6 to 8-10 implants are placed, although the 

principle of implant isotopy can be used. The literature describes the cases of using 30 screw 

implants in complete adentia of both jaws (Muratori G., 1978) and 18 implants in edentulous 

maxilla (Arambula E.T., 2001). 

The number of implants for fixed prosthetics is calculated based on the completeness 

of the restoration of the dentition. To eliminate the defect of the dentition up to the first molars 

inclusive, 6 implants are placed (3 on each side of the jaw). With this treatment option, they 

should be located in the area of missing incisors, canines and first molars. To establish the 

dentition up to and including the second molar, 8 implants are placed. Their location 

corresponds to the incisors, canines, second premolars and second molars.  

For conditionally removable prosthetics, 6-8 implants can be placed. In this case, their 

location is similar to that of fixed prosthetics.  

Placement is another important aspect of implant success. How much space is needed 

for the implant to function and provide a long-lasting and aesthetic result? To restore one block 

of implants, a minimum mesiodistal space is required. If this space is not available, it is 

impossible to place the restoration. The combined diameter of a standard implant platform, 4.0 

mm, plus the amount of restorative material for the crown usually requires a minimum of 6.5-

7.0 mm of mesial-distal space. However, this requirement can be reduced to approximately 4.0 

mm when using a narrower diameter implant or a full-diameter implant with a narrow diameter. 

The practitioner should also evaluate whether the planned implants will provide 

sufficient axially integrated surface to support the expected occlusal load, or whether there 

should be a tooth-supported treatment. 

Another factor to consider with fixed restorations is whether the final restoration is 

cemented or screw-retained? Aesthetic requirements play a major role in determining the size 

and position of the implant. A cemented restoration is ideal for aesthetics as it will not show 

any screw access hole. This is preferred by most patients, especially in any aesthetic areas. 

Once the abutment is screwed into place, the final restoration is cemented onto it. Temporary 

restorations can also be temporarily cemented to the final supports and used for aesthetic 



analysis. The problem with cemented restorations is the residual removal of cement. In the 

event that the screw that secures the abutment to the implant unscrews the cemented crown 

may have to be cut to gain access to the abutment screw. 

Screw-retained crowns are not as aesthetically pleasing to patients as cemented crowns. 

They have an access hole that shows a demarcation with the ceramic crown. They cannot be 

used in the anterior region if the abutment screw projects onto the incisal or vestibular surface 

of the prosthetic structure. In addition, a screw-retained crown can be used when the 

interocclusal space is limited. The crown and abutment are one component, and it is the screw 

that fixes the crown to the implant.  

During the planning, a decision must be made as to whether a cemented or screw-

retained prosthesis is best for the patient. Removable prostheses are supported by tissue and 

therefore do not require the same implant support as fixed restorations. Before the operation, it 

is necessary to decide on the number and position of implants required.  

The sharp alveolar ridge, which will be the potential site for implant placement, must 

be evaluated for various factors. Adequate bone height and width to ensure implant 

stabilization in the bone. In addition, the alveolar ridge should be evaluated for the spatial 

relationship it has to the adjacent teeth or the opposing arch. The alveolar ridge may have 

sufficient volume for implant placement, but due to ridge atrophy, the implant may be placed 

significantly lingual or apical to the adjacent teeth. 

Too thin bone increases the risk of perforation through the cortical plate during the 

formation of the implant placement area (Fig 4.4).  

 

 



Fig. 4.4. Calculation of the maximum implant height in the posterior mandible 

(according to Philip Warthington) 

H – height of the bone visible on the radiograph, available for implant placement 

above the mandibular canal; 

C – height of the bone area too thin for implant placement; 

L – max permissible implant height; 

S – safe zone; 

M – magnification factor of panoramic radiography 25%. M = 5/4 

L = H/M – C – S 

 

4.4. Examination using prosthetic methods 

 

The prosthodontist examines the patient's dental status in more detail in terms of future 

prosthetic treatment and, together with the surgeon, conducts an examination of the oral cavity 

in order to: 

- determining the nature of interocclusal relationships and bite, the presence of 

functional disorders; 

- assessment of the masticatory system, including using laboratory and functional 

methods; 

- determination of the state and function of the TMJ.  

Restorative prosthetics and long-term functioning of intraosseous implants are closely 

related to the principles of clinical biomechanics. Planning the placement of implants in the 

bone and the features of the subsequent prosthetic design should be carried out taking into 

account the gnathological requirements. It is known that one of the causes of implant rejection 

is excessive loading on the bone tissue in case of irrational prosthetics. Occlusion determines 

the direction of the load. The placement of the occlusal boundaries of the prosthesis affects the 

magnitude of the total forces exerted on the implant system. Under the influence of these loads, 

deformations may occur in the prosthesis, the implant itself or in the surrounding tissues. At 

the same time, the occlusal load on the intraosseous implant depends on a number of factors: 

the number and location of implants, methods of fixing prostheses on implants, the length of 

the intermediate part, the nature of occlusal contacts during chewing, the state of antagonists. 

Mechanical loads act on the implant integrated into the bone, leading to deformations 

in the surrounding tissues and in the implant itself. The most significant are occlusal loads, 



which are characterized by significant chewing pressure, cyclicality and multidirectional force 

applied to the denture. This causes micromobility of the denture-implant system in the range 

of 50-100 microns. In this regard, there is a task of maximum stabilization of the structure due 

to the most favorable occlusal relationships in the articulation of the dentition. To achieve such 

a result is possible only by taking into account gnathological principles when planning the 

design of a denture in an adjustable articulator. 

The study of jaw models is carried out in the articulator, using an acrylic mouthguard 

to plan the location of implants, their angles of inclination, as well as the use of analogues to 

work out a clear plan of surgical manipulations and prosthetic treatment.  

Modern articulators consist of two frames, a joint mechanism and an incisal pin with a 

platform. Since the purpose of using articulators is the most accurate reproduction of the 

biomechanics of the lower jaw movements, their design is based on the anatomical proportions 

of the human dentition. 

Structurally, articulators are divided depending on their adjustment capabilities: 

anatomical, semi-adjustable, fully adjustable, and on the joint mechanisms: arcon and non-

arcon. 

For the manufacture of complete removable dentures, mainly anatomical articulators 

are used, which are characterized by the presence of fixed values of sagittal and transverse joint 

angles. 

Semi-adjustable articulators allow adjustment of the sagittal and transverse articular 

angles, sometimes the initial lateral displacement, as well as varying the inclination of the 

incisal paths. The intercondylar distance is usually fixed, and is equal to 110 mm. These 

articulators are widely used for the fabrication of fixed and partially removable structures. 

Fully adjustable articulators provide the ability not only to custom set the articular and 

incisal angles, but also to change the intercondylar distance, adjust the Bennett movement and 

change the shape of the articular surfaces by pantographic recording of the parameters of the 

lower jaw movements. 

Facial bow is a device for transferring the position of the upper jaw relative to the TMJ 

(temporomandibular joint) to the articulator. 

The components of the facial bow are  

- frame with lateral levers and ear pylons; 

- bite fork for impression of the occlusal surface of the upper jaw dentition; 

- nasal stop; 

- adapter between the fork and the bow 



Stages of applying the facial bow: 

1. Obtaining an occlusal impression. To obtain an occlusal impression and fix the 

bite, wax plates, thermal mass or silicone are used. One of these materials is applied to the 

upper surface of the bite fork, the fork is inserted into the oral cavity and slightly pressed against 

the upper dentition (Fig 4.5). 

 

 

Fig.4.5. Fitting the bite fork 

 

2. Fixation of the face bow. To do this, it is necessary first of all to fix the facial 

bow itself with the help of curved clamps. Nasal stop, which is placed on the bridge of the nose 

and rigidly fixes the arch to the patient's head. After that, the clamps are fixed in the frame. 

Thus, the arc is oriented along the Camper horizontal and the mid-sagittal plane. Attaching the 

adapter to the front arch and bite fork and fixing the clamp on the adapter. When the facial bow 

is properly fixed, the bite fork fits tightly to the upper dentition (Fig 4.6).  

 



 

Fig. 4.6 Placing of the face bow 

 

 

Fig. 4.7 Bite fork with adapter. 

 

The next stage is the placing of the adapter with the bite fork in the articulator and 

plastering of the upper model (Fig 4.7). 

 

4.5. Diagnostic imaging methods 

 

An important role in pre-implantation diagnostics is played by radiological 

examinations, which are mandatory for all patients and are carried out for all types of implants 

regardless of their number. X-ray examination is an additional method that allows to obtain 

information about the amount of available bone tissue and the type of architecture, the 

condition of the teeth, the topography and condition of some anatomical formations of the 



maxillofacial area: maxillary sinus, inferior alveolar nerve canal, sinuses, pear-shaped apareta, 

mental foramen. Dental status is assessed based on the data of clinical examinations of the oral 

cavity, as well as additional research methods (dental panoramic radiography, visiography, 

tomography), which provide information about the volume of the bone, creating a spatial model 

of implants. The use of radiation diagnostics methods in the planning of dental implantology 

allows to choose the optimal tactics of surgical treatment of patients, and their dynamic 

implementation in the postoperative period makes it possible to timely detect developing 

complications and correct them for successful further dental implantation. 

The main radiographic technique in dental implantology is panoramic radiography. At 

the stage of planning the operation, it is used to assess the condition of the dentition, bone 

structure in the area of the dentition defect. According to the panoramic radiography, the height 

of the alveolar ridges is determined, the distance to the upper walls of the mandibular canals 

and mental foramen on the lower jaw is estimated, and the condition of the lower parts of the 

maxillary sinuses on the upper jaw is estimated. 

The panoramic radiography determines the condition of the remaining teeth and the 

height of the bone tissue at the site of the intended implantation. The height of the bone tissue 

is understood as the distance from the crest of the alveolar ridge to the borders of anatomical 

formations: the bottom of the maxillary sinuses, pear-shaped foramen or mandibular canal. In 

the frontal part of the mandible, the height is counted from the upper edge of the alveolar ridge 

to the lower edge of the jaw. In case of incorrect position of the patient during the examination 

or violation of the panoramic unit operation mode, distortion (increase in size) can reach 32% 

vertically and 50-70% horizontally. 

To clarify the size of the bone tissue, the topography of the maxillary sinuses and 

mandibular canals, lateral radiography of the jaws in oblique projections, lateral cephalogram 

and computed tomography can be performed. Contact radiography in oblique projections in 

comparison with panoramic radiography gives a more accurate picture of the vertical and 

horizontal dimensions of the jaws. Lateral cephalográphy transmits close to the real dimensions 

of the jaw bones, allows you to establish the contour of the alveolar processes in the frontal 

parts of the upper and lower jaws, as well as the anatomical and topographic picture of the ratio 

of both jaws and the proportions of the face with the facial skull. 

Computed tomography (CT) is one of the most informative methods of radiological 

examination. With a high degree of reliability, it allows to determine the height and width of 

the bone, the topography of the mandibular canals and maxillary sinuses, the features of the 

architecture of different parts of the jaws. The most valuable information about the anatomy of 



the jaws is provided by vertical sections. Their images obtained using step-by-step (2-3 mm) 

tomography allow us to judge the real height and thickness of the bone at the site of the planned 

implantation of implants and reflect the real picture of the jaw bone architecture. 

Performing horizontal step-by-step slices provides information mainly about the width 

of the bone tissue. But with the help of such slices, it is possible to perform computer 

reconstruction and to establish with sufficient accuracy the vertical dimensions of the bone, the 

nature of the inclination of the alveolar processes, the ratio of the jaws and the external contours 

of the facial skull. 

In addition, the use of markings allows you to plan the placement of implants. 

Panoramic radiography is also widely used in the postoperative period, including for the 

diagnosis of early or long-term complications Fig. 4.8, 4.9. 

  

 

Fig. 4.8 Panoramic radiography of patient M. 2 months after implant placement in the 

interimental space. 

 



 

Fig. 4.9 Panoramic radiography of patient V., immediately after implant placement in 

the area 36,46. 

 

Computed tomography (multislice CT or dental volumetric tomography), which is used 

nowadays as an additional method, can significantly expand the diagnostic capabilities of 

panoramic radiography. 

The method makes it possible to measure not only the height but also the width of the 

alveolar processes, to reliably determine the densitometric characteristics of the bone structure 

of the jaws, to assess the course of the mandibular canals, the condition of the mucous 

membrane of the maxillary sinuses, to detect concomitant diseases. With the help of modern 

specialized computer tomography programs, it became possible to create anatomical and three-

dimensional models of the jaws, which allows in difficult situations to properly plan the 

implantation operation, choose the optimal implants and mathematically calculate the places 

of their installation. 

In implantology, analog radiographic images are most often used (intraoral, panoramic, 

occlusal, cephalometric radiography). Digital images are obtained using computed 

tomography, magnetic resonance imaging and interactive computed tomography. 

Modern CT scans contain three views. The first one shows horizontal slices at different 

heights of the jaw, which show the general direction and position of anatomical structures. The 

second views shows three vertical slices in the bucco-lingual direction of the jaw. The third 

views is the most important vertical section with sagittal sections along the entire length of the 

jaw every 3 mm. The sections are numbered accordingly with the numbering on the horizontal 

image. Every 2 sections give an idea of the size of the bone area sufficient for one implant with 



a diameter of 3-4 mm. The section in which the bone interruption was located in the area of 

premolars is the area of the mental foramen, located, as a rule, in 15-17 sections on the right 

and 31-33 on the left Fig.4.10. 

 

 

Fig. 4.10 CT scan of patient C. Planning of implantation in area 35. 

  

In computed tomography, it is customary to determine the density of tissues according 

to the Hounsfield scale, where 0 (HU) is the density of water, soft tissue +40-80 (HU); + 1000 

(HU) – bone tissue; -1000 (HU) – air. 

Advantages of computed tomography (CT) – obtaining one-to-one images with 

unsurpassed quality of details of all potential implant sites on the upper and lower jaws. 

Disadvantages: special equipment is required; the images are more expensive compared to 

other R-examination methods; the dentist must be trained to analyze the results of computed 

tomography.  

Magnetic resonance imaging (MRI) 



Magnetic resonance imaging uses a magnetic field to produce an X-ray image on a 

computer screen. Tissues with a higher water content produce more accurate images using MRI 

technology than tissues with relatively low water content.  

Currently, bone tissue images are more detailed on CT than on MRI. 

CAD-CAM technologies and laser stereolithography are new methods of diagnostics 

and planning that allow to obtain biological duplicates of anatomical formations through the 

use of modern computer technologies and data processing programs. The essence of the method 

is that based on a computer-simulated three-dimensional model, which is based on CT data, a 

laser connected to a computer selectively polymerizes areas of the workpiece. As a result of 

this technology, a detailed reproduction of the patient's skull (jaw, fragment) with the display 

of the smallest anatomical details is obtained. 

  



SECTION 5. PROSTHETIC-ORIENTED IMPLANTOLOGY 

 

Today, one of the solutions to the problem of implant positioning accuracy is 

implantation using a surgical template.  

Their use allows:  

- avoid planning errors;  

- reduce the risk of surgical errors; 

- place the implant in the planned place; 

- place the implant optimally taking into account the future prosthetics;  

- expand the indications for implantation; 

- make the most efficient use of bone resources; 

- reduce the need for bone augmentation;  

- optimize prosthetic constructions;  

- prepare temporary structures in advance;  

- significantly reduce the stress of the dentist and the patient, as well as the trauma of 

the operation;  

- significantly reduce the time of surgery and rehabilitation of the patient;  

- increase patient loyalty;  

- attract new patients;  

- increase the competitiveness of the clinic.  

Over the past decades, dental implantation has developed into one of the most 

predictable treatment alternatives that can be offered to patients with missing teeth. The 

problem of osseointegration, which dominated the scientific research of the world's leading 

institutions for decades, has been largely solved. Implantation surgery has become an everyday 

occurrence and is regularly performed by thousands of dentists. However, with the increasing 

number of successful cases of the surgical part, it became obvious that there are serious 

problems with achieving a long-term positive result in the implementation of the prosthetic 

component of patient rehabilitation. 

Thus, complications in patients who have undergone rehabilitation by implantation, at 

the stages of further use of prostheses, are largely associated with mechanical and technical 

problems. Such as loosening and breakage of screws, abutments, implants, beams and frames, 

loosening of structures, chipping of the lining. It is believed that they are associated to the 

greatest extent with biomechanical overload, unfavorable distribution of occlusal loads. The 



factors that lead to this are: unfavorable angulation (inclination of the tubercles on the cutting 

and chewing surfaces of the restorations and the tilt of the implants themselves, suboptimal 

position of the implants in the transversal and vertical planes), insufficient support in the 

posterior oral cavity (missing teeth in the distal areas), insufficient bone tissue or excessive 

forces due to parafunctional habits (bruxism). 

On the way to solving the above problems, the concept of placing implants in the area 

of maximum bone volume, which was dominant among dentists around the world, gradually 

changed and is still changing to the concept of "from crown to bone". It requires a deeper 

approach to function and aesthetics during the overall diagnosis and subsequent treatment 

planning with implants. 

Optimal positioning of implants in the transversal, frontal and sagittal planes is the basis 

for successful rehabilitation of patients with implants. This is especially important in the 

treatment of multiple defects of the dentition and prosthetics in aesthetically important areas. 

In such cases, the use of surgical templates and preliminary modeling of the structure are of 

particular importance and allow to achieve a predictable result. 

In the early stages of the development of the concept "from crown to bone", most of the 

manipulations to analyze the clinical situation and direct planning of the future operation were 

carried out on plaster models fixed in articulators. The analysis of the relative position of such 

anatomical elements as alveolar processes, maxillary sinuses, incisal canal, mandibular canal 

and nerve, the severity of the maxillary-lingual line requires excellent knowledge of anatomy 

by the implant surgeon. Very often, the planning procedure was delegated to those who directly 

made the models, that is, dental technicians, which led to serious mistakes in the future stages. 

However, it is worth noting that the dentist is fully responsible for the operation. To achieve a 

positive result, it is necessary to have full control over the entire planning process. However, 

this can be quite difficult to organize due to logistical and time constraints. Today, such 

delegation can still be found, but this approach has no justification.  

The modern strategy is almost entirely based on digital technologies and provides an 

opportunity to achieve extremely accurate results, taking into account the nuances of each 

clinical situation.  

The prerequisites for the new approach are 

- the use of three-dimensional imaging methods (especially the emergence of cone 

beam computed tomography (CBCT)); 

- widespread use of powerful computers; 

- development of the necessary software; 



- development and dissemination of CAD/CAM and 3-D printing technologies. 

Traditional methods of radiological examination, such as intraoral targeted and 

panoramic radiography, provide only two-dimensional information. The spread of cone beam 

computed tomography has made it possible to perform analysis in the third dimension, i.e., 

custom three-dimensional analysis has become possible. Today CBCT has become the "gold" 

standard in implant planning. 

However, CBCT is one of the weakest links when working with surgical templates. 

This is due to several points: 

- patient movements during the examination; 

- artifacts; 

- inability to display small details; 

- closed rows during the examination. 

To work in the concept "from crown to bone", the dentist needs information about the 

entire dentition. Therefore, when patients spontaneously move during the examination, the CT 

data will differ from the real situation to a greater or lesser extent. Because of this, the 

manufacture of a template based only on CBCT is undesirable (except for situations when a 

template is made that will be based on bone). The final design should be based on scanned jaws 

or models. Comparison of CBCT and models is one of the stages of making a template 

according to the digital protocol, which will be discussed further.  

A significant problem for the work is artifacts on the three-dimensional model, 

especially when they appear in areas of clinical importance (Fig. 5.1). The main reason for their 

appearance is the presence of metal structures in the oral cavity. Accordingly, it is desirable to 

remove these structures before the study. 

 



 

Fig. 5.1. Artifacts marked with an arrow 

 

When performing CBCT for the manufacture of surgical templates, the study is made 

in a large area, as a result, it is impossible to display small details that may be important during 

the work. 

In order to prevent the above-mentioned drawbacks, the final design of the template is 

made on the scanned model, which is compared with the CBCT. However, the most accurate 

matching is achieved when pronounced anatomical points, such as cusps, can be accurately 

identified. Usually, CBCT is performed with the teeth closed, which greatly complicates the 

procedure of matching models and CBCT (Fig. 5.2) (Details of the procedure will be given 

below).  

 

 



Fig. 5.2. The mouth was closed during the study. It is impossible to separate the upper 

and lower jaws 

 

Manufacturers of template systems publish recommendations on the correct technique 

of the examination (Fig. 5.3). The main points in this procedure are the opening of the teeth 

and the orientation of the jaw in relation to the scanning plane (the last nuance can be ignored, 

because modern programs allow reorienting the CBCT according to specific tasks later (Fig. 

5.4)). It should not be expected that the patient will be able to sit still during CBCT with the 

mouth half-open – head or mandible movements will be inevitable in this case. Therefore, it is 

better to provide the patient with something to bite, such as cotton rolls or a pre-made 

stabilizing splint made of non-radiopaque material. 

 

 

Figure 5.3. Recommended head position during CBCT. Pay attention to the open 

mouth 

 

Depending on how CBCT is used, there are three approaches to planning and the 

implantation operation itself:  

- passive (assessment of anatomy and measurements before surgery);  

- semi-active or static (DICOM (Digital Imaging and Communications in Medicine) 

files are imported into interactive software where additional planning tools can be used. It is in 

this software environment that modern surgical templates are made); 

- active or dynamic (use of surgical navigation systems). 

 



 

Fig. 5.4. Possibility to reorient (blue circle) and reduce the working area (yellow 

square) of the CBCT at the initial stage of work 

 

Passive approach is the most common among practicing dentists and the least 

demanding to technical support. In order to fully implement it, only a computer is needed, 

because the software for viewing CBCT will almost always be provided with the files. In this 

case, the program can conduct a full analysis of the situation and plan the positioning of 

implants, but the operator's skills come to the fore. After all, the sense of space and the final 

position of the implant will depend entirely on the ability of the dental surgeon to implement 

the treatment plan (Fig. 5.5). 

 



 

Fig. 5.5. It is possible to place implants on a virtual model and use this information as 

a guide for further surgery 

 

The number of existing systems designed for the static approach is greater than for the 

dynamic approach and is currently the standard of treatment. However, systems for the active 

approach do not stop their gradual development and new, easier to use, reliable and cheaper 

solutions appear on the dental market. For example, Dionavi, IGI, Navident, X-guide.  

All solutions for active implantation are based on the same basic principles: 

- implants are positioned with the help of software; 

- on the jaw where the operation is to be performed, a frame is fixed on which sensors 

(usually visual) are placed. The position of this frame is preliminarily compared with the CBCT 

and the program "understands" the mutual spatial location between the implant and this frame; 

- a similar sensor is also placed on the handpiece used for the operation (Fig. 5.6); 

- the video camera records the movement of the tip in relation to the frame and 

calculates in which position the drills are located; 

- computer algorithm calculates how to tilt the tip in order to position the instruments 

according to the treatment plan. 

 



 

Fig. 5.6. Handpiece and frame on the jaw with Navident ornamentation (indicated by 

arrows) 

 

The semi-active approach is now more common and accessible to the vast majority of 

dentists. Although it requires some investment in the form of money, time and skills. However, 

these costs are fully compensated by the fact that the work becomes more predictable, there are 

fewer misunderstandings between the surgeon and the prosthodontist, new opportunities for 

faster and better rehabilitation of patients appear. 

Its basis is the creation of an custom surgical template, which makes it possible to 

accurately implement the treatment plan that was previously created in specialized software. 

Today there are many programs for this approach: 10 DR implant, Blue Sky Plan, 

coDiagnostiX, CTV (PraxisSoft), DentalVox (Era Scientific), DentalSlice, DDent Plus I, 

DigiGuide MDI, Easy Guide, ExoPlan, Implant Location System, InVivoDental, Implant3D 

(Stent CAD), Implant3D Impla 3D Navi, Implanner, Implant3D CeHa, Implant IGS Monitor, 

Implametric, Nobel Guide, Simplant/Surgiguide Facilitate ExpertEase, Scan2Guide Implant 

Master, Sicat Implant Galileos Implant, Virtual implant placement. However, the ideas used 

by them are similar. In this section we will give examples using images from Blue Sky Plan, 

unless otherwise noted. 

There are two protocols for working with surgical templates: 

- partial; 

- full. 



The fundamental difference between them is how much the dentist is going to rely on 

preliminary planning or on his own manual skills. Thus, when working according to the partial 

protocol, usually with a template placed in the oral cavity, only pilot drilling is carried out, and 

the subsequent stages are carried out according to the available landmarks – the final angulation 

and the depth of immersion of both drills and the implant itself are controlled by the operator. 

With a complete protocol, a surgical template is created at the planning stage, a drill 

sequence is drawn up and the implant is selected. After placing the template in the oral cavity, 

the dentist follows the planned drilling sequence. Angulation and drilling depth are limited by 

the template and cannot be changed without removing the template itself. The implant itself is 

also inserted through the template. This approach does not involve deviating from the treatment 

plan, and the template must be removed to make adjustments. 

All surgical templates consist of several fundamental parts (Fig. 5.7): 

- support part; 

- guide tube; 

- additional accessories. 

 

 

Fig. 5.7. Surgical template (Sicat Implant). The support part is marked with a black 

arrow, the guide tubes – with a red arrow 

 



The support part is in direct contact with the oral cavity and plays a key role in 

stabilizing the template in the oral cavity during surgery. In turn, the immobility of the template 

during manipulations is one of the keys to the implementation of the treatment plan. Even a 

slight displacement of the template along any of the axes leads to significant deviations of the 

drills from the planned trajectory and potential complications, both surgical and prosthetic. In 

its structure, the support part resembles a tire or a prosthesis base (depending on the type of 

support part). 

Today, the most common way to manufacture the supporting part of the template is 3D 

printing. In this case, to achieve accuracy, it is necessary to use 3D printers operating on SLA 

or DLP technologies (Formlabs 2, Formlabs 3, NextDent 5100, Asiga, MAX Series, MoonRay 

S, Slash Pro and others). The materials for printing are resins. To work with templates, you 

need to use biocompatible materials that can be sterilized (for example, NextDent SG) 

In the support part there is a hole for the guide tube. It is with the tube that the drills are 

in direct contact during operation. It acts as a guiding surface.  

Manufacturers produce tubes of different sizes (differ in height and diameter) and 

design (Fig. 5.7, 5.8, 5.9). For each system, it is necessary to clearly know the parameters of 

the instruments that will be used during the operation and to select the tube at the stage of 

creating the template. 

 

 



Fig. 5.8. Guide tube with lateral access (provides an opportunity to introduce drills 

from the side, which is especially important in case of limited opening of the mouth or 

secondary deformities of the antagonist dentition) 

 

 

Fig. 5.9. Telescopic guide tubes 

 

Among the additional accessories for working with templates it is necessary to note 

pins (anchors) for additional stabilization of the template in the oral cavity. As already 

mentioned, the stability of the template is one of the keys to a successful operation. In cases 

where the dentist is dealing with edentulous defects of considerable length, it is quite difficult 

to achieve satisfactory stability – especially in completely edentulous patients. There are two 

types of pins (Fig. 5.10): 

- vertical; 

- lateral. 

 



 

Fig. 5.10. Vertical (black arrow) and lateral (red arrow) pins 

 

The choice of vertical or lateral type is dictated by the specific clinical situation. In 

cases where implantation is performed in the lateral areas that are not limited by teeth, it is 

advisable to provide additional stabilization in the most distal area by inserting a rod. It is more 

rational to use a vertical pin at the site of the implant bed. When working with completely 

edentulous patients, the operation begins with the fixation of several lateral pins in areas distant 

from each other – this ensures the in-plane stabilization of the template and precise work. 

Surgical templates are divided into several groups depending on the type of support: 

- teeth (Fig. 5.11); 

- mucosa (Fig. 5.12); 

- bone (Fig. 5.13); 

- combined. 

 



 

Fig. 5.11. Surgical template with support on teeth 

 

As can be seen from this distribution, the choice of the type of surgical template will be 

dictated by the specific clinical picture. Whenever possible, it is recommended to make a tooth-

supported or combined (tooth and mucosa-supported) template. These template models are 

much more stable in the oral cavity, easier to fabricate and the operation with them is simpler 

and less traumatic than with mucosa-supported templates. Bone-supported templates are also 

stable, but much more demanding for the dentist's work directly in the oral cavity. 

 

 

Fig. 5.12. Surgical template with mucosa support 

 



Indications for the use of templates with support on the teeth, on the mucosa and 

combined structures: 

- 3 or more implants arranged in a row; 

- complete absence of teeth; 

- planned inclination of implants; 

- proximity of important anatomical structures; 

- questionable bone volume; 

- prosthetic construction is particularly demanding on the position of the implants; 

- implantation without flap rejection; 

- placing of several implants with the simultaneous manufacture of a temporary 

structure; 

- significant deviations in anatomy (after trauma); 

- patients with concomitant pathology. 

Of course, these indications are not absolute and can be expanded or narrowed by a 

particular dentist. Currently, there are no protocols that limit the operator's choice.  

 

 

Fig. 5.13. Surgical template with bone support 

 

When working with templates with teeth or mucosa support, it is possible to perform 

surgery without flap rejection. This approach provides less trauma and faster recovery. 

Indications for the use of bone-supported templates 

- the need or desire to inspect the implantation site; 

- proximity of important anatomical structures; 



- excessive mobility of the mucosa; 

- the need for bone grafting; 

- the need to remove pre-placed structures. 

Working with bone-supported templates involves folding back the flap and exposing 

sufficient bone to support it. Moreover, it is important to prevent excessive pressure of the 

template itself on the mucosal flap to prevent ischemia. The bone-supported template is 

fabricated on the basis of CBCT, so it should not be expected that it can be immediately placed 

on the operating area as originally planned – bone grafting will almost always be necessary, 

especially in thin areas and places of recent tooth extraction. 

There are two protocols for working with surgical templates: 

- partial; 

- full. 

The fundamental difference between them is how much the dentist is going to rely on 

preliminary planning or on his own manual skills. Thus, when working according to the partial 

protocol, usually with a template placed in the oral cavity, only pilot drilling is carried out, and 

the subsequent stages are carried out according to the available landmarks – the final angulation 

and the depth of immersion of both the drills and the implant itself are controlled by the 

operator. 

With the full protocol, a surgical template is created at the planning stage, a sequence 

of drills is drawn up and the implant is selected. After placing the template in the oral cavity, 

the dentist follows the planned drilling sequence. Angulation and drilling depth are limited by 

the template and cannot be changed without removing the template itself. The implant itself is 

also inserted through the template. This approach does not involve deviation from the treatment 

plan, and to make adjustments, the template must be removed. 

To perform a partial protocol, the dentist does not need to purchase additional 

equipment or instruments. The operation can be performed using standard surgical instruments. 

For the full protocol, a special surgical set for working with templates is required. Their 

peculiarity is the presence of pre-laid limiters in these instruments that will not allow the 

operator to deviate from the trajectories planned in the program. 

Manufacturers have approached the manufacture of these tools from two sides: 

- systems with interchangeable hand guides (Fig. 5.14); 

- systems with drills with a constant diameter of the guide part (Fig. 15). 

 



 

Fig. 5.14. Manual guides. On each handle there is information about the diameter of 

the hole 

 

 

Fig. 5.15. Drills with a constant diameter of the guide part (red arrow) 

 



Working with interchangeable guides involves successive change of guides one after 

another. In this case, drills of the appropriate diameter are used, which have limiters that do not 

allow them to be deepened too deeply (Fig. 5.16-17). 

 

 

Fig. 5.16. Principle of work with replaceable guides 

 

 

Fig. 5.17. Complete set for working with replaceable guides 

 

When working with drills with a constant diameter of the guide part, the direct contact 

with the guide cylinder has a thickening of the drill in the part of the tool that is close to the tip 

(Fig. 5.15). The diameter of this area is the same for the whole system regardless of drill 



diameter and length. In addition, each drill bit has a stop that prevents its excessive deepening. 

As a result, the complete drill set includes a large number of tools (Fig. 5.18). 

 

 

Fig. 5.18. Complete surgical set for working with templates. 25 drills of different 

diameters and lengths (B) 

 

The production of a surgical template according to the digital protocol includes the 

following steps: 

- CBCT; 

- scanning of the model or oral cavity; 

- combination of CBCT and model; 

- determination of the mandibular canal (for the lower jaw); 

- virtual modeling of the restoration; 

- selection of implants and planning their placement; 

- planning of template construction; 

- export of the template in STL format (if the next stage will be carried out in another 

program); 

- printing or milling of the template and its subsequent processing; 

- placing of guide cylinders. 

The advantages and disadvantages of the CBCT are described above. It is worth noting 

that it is rational to limit the area to be processed in the software – this speeds up the work, 



especially when using weak computers, because working with three-dimensional objects is 

quite demanding (Fig. 5.19-5.20). 

 

 

Fig. 5.19. Limitations of the working area (yellow squares). Compare with Fig. 5.4. 

 



 

Fig. 5.20. CT scan opened in the software. Patient K. missing tooth 3.6. 

 

Intraoral scanning fully meets the objectives and is perfect in situations where the 

defects of the dentition are insignificant in length. Difficulties arise with significant distal 

defects and in patients with complete absence of teeth, in such cases it is better to scan models 

in dental scanners (Fig. 5.21). 

 

 



Fig. 5.21. Patient K. Scanned model of the lower jaw (Meshmixer) 

 

The scanned model is imported into the same program where the CBCT is opened. The 

combination of CBCT and model is possible both in fully automatic and manual mode. In 

automatic mode, the software itself makes the necessary calculations and compares objects in 

space. This process is becoming more accurate every year and in cases where there are many 

teeth, it copes with the task no worse than experienced users.  

In the manual approach, the operator has to place points on the CCT and the model for 

which automatic matching will be performed (Figures 5.22-5.24). 

 

 

Fig. 5.22. Model and CBCT to be compared 

 



 

Fig. 5.23. Model and CBCT after matching (model – green, CBCT – gray) 

 

 

Fig. 5.24. Matching by points (teeth 3.7, 3.4, 4.4, 4.6) 

 

When working in the lateral areas of the mandible, it is necessary to mark the 

mandibular canal. Again, this process can be carried out in automatic mode – to do this, you 

need to mark the chin foramen and the software will calculate the position of the canal itself 

(Fig. 5.25). This approach must be approached with caution. After all, the computer does not 

see the CBCT as a human does, but only operates with numbers – the program checks the 

density of objects and compares them with standards, so in cases where the bone is loose, 



significant deviations from the real anatomy are possible. In each case, it is necessary to control 

the dentist and, if necessary, make adjustments or perform this step manually (Fig. 5.26-5.27). 

 

 

Figure 5.25. Marked chin foramen 

 

 

Fig. 5.26. Model of the mandible and mandibular canal 

 



 

Fig. 5.27. Mandibular canal (yellow) on a panoramic image 

 

The next step is the restoration planning. Even before implantation, it is necessary to 

carry out at least a virtual simulation of the future work. Depending on which program is used 

to make the template, the possibilities can be different – from virtual "orientation" to the 

manufacture of a full-fledged temporary prosthesis for both jaws. 

The programs have libraries of teeth that differ in shape and can be placed in a favorable 

position both in terms of aesthetics and function (Fig. 5.28).  

 

 

Fig. 5.28. Virtual placement of tooth 3.6 in a favorable prosthetic position 

 



The next step is the actual positioning of the implant. Today there are hundreds of 

implant systems and all of them can be worked with using templates, but not all of them are 

easy to do. Thus, the easiest way to plan the intervention is to use the system that is in the 

program database (Fig. 5.29) – all parameters related to the size of implants, cylinders and 

drills are calculated automatically, and this reduces the likelihood of error. Of course, it is 

possible to do everything yourself, but this approach requires time and a perfect understanding 

of all the nuances of the process. Fortunately, manufacturers try to keep up with the times and 

constantly update their libraries. 

 

 

Fig. 5.29. Implant selection 

 

At the same time, the final positioning of the implant is based not on the volume of the 

available bone (Fig. 5.30), but on the rational distribution of occlusal loads – the position can 

be significantly shifted in space from the center of the bone (Fig. 5.31). 

 



 

Fig. 5.30. Positioned implant. The red arrow indicates the distance between the 

implant and the mandibular canal 

 

 

Fig. 5.31. Positioned implant. The red arrow indicates the modified abutment (15 mm 

in length and 1 mm in diameter – using such parameters instead of the standard ones, it is 

very convenient to control the implant axis) 

 

When modeling the supporting part of the template, it is important to provide sufficient 

support for further stabilization of the template. When supporting on teeth, it is necessary to 

cover at least 2/3 of the existing teeth (Fig. 5.32). When supported on the mucosa, the template 

resembles a complete denture in its shape and rests on the entire existing mucosa. Of course, 

the undercuts must be isolated, but this process is automatic. 



  

 

Fig. 5.32. Modeling of the template. Borders of the template (black arrow) and the 

place for the guide tube (red arrow) 

 

Based on the specified parameters, the program models a three-dimensional template 

that can be further modified (Fig. 5.33). The created object is further exported to the software 

for printing (usually in STL format). 

The printed template undergoes post-processing – cleaning from residual resin, final 

photopolymerization. After that, it is necessary to place a guide cylinder (some manufacturers 

recommend doing this before the final polymerization). At the stage of modeling the template 

for the cylinder, a hole is created that is 0.1 mm larger than the cylinder itself.  

The last step is to sterilize the template. 

  



 

Fig. 5.33. Hole in the template through which you can control its fit in the oral cavity 

(red arrow) 

 

It is impossible to achieve a perfect result in the manufacture and especially in the 

clinical use of templates. Errors can occur at any stage. An exceptionally careful approach to 

planning and work can prevent them. 

Separately, it should be noted that even a perfectly made template does not imply 

absolute accuracy. This is due to the fact that there is always a free space (0.1 mm) between 

the drill and the guide tube, without which the rotation of the drills is impossible. As a result, 

in the process of preparation there is an uncontrolled deviation of instruments from a given 

axis. The longer the drill or implant, the greater the deviation (Fig. 5.34). That is why, when 

planning, it is necessary to maintain a distance of at least 2 mm between implants and important 

anatomical structures (Fig. 5.30). 

 



 

Fig. 5.34. Schematic representation of implant deviation. 

  



SECTION 6. SURGICAL PROTOCOLS OF TREATMENT WITH DENTAL 

IMPLANTS 

 

6.1. Classification of basic implant techniques  
 

At the 6th ITI Consensus Conference held in Amsterdam in April 2018, a group led by 

German Galucci developed a unified classification of dental implant placement and loading 

that can be applied to almost all possible clinical situations. Moreover, based on literature data, 

implant survival rates were calculated for each of the 12 combinations, thereby determining 

the success and predictability of each protocol. A thorough search identified 69 publications 

that met the evidence criteria and were selected for analysis.  

Depending on the time elapsed since tooth extraction, the authors identified the 

following implant placement protocols (Chen & Buser, 2009; Chen et al., 2004; Hammerle et 

al., 2004): 

Type 1. Immediate placement (directly into the socket of the extracted tooth on the day 

of extraction); 

Type 2. Early placement (after soft tissue healing – 4-8 weeks after extraction); 

Type 3. Early placement (after bone tissue healing – 12-16 weeks after extraction); 

Type 4. Late placement (after complete bone healing, more than 6 months after tooth 

extraction). 

The loading protocols were classified as follows: 

Type A. Immediate loading (within 1 week after implant placement); 

Type B. Early loading (between 1 week and 2 months after implant placement); 

Type C. Traditional loading (after the implant osseointegration period, not earlier than 

2 months after implant placement). 

Based on various possible combinations of these types, 12 different options were 

identified. For example, late implant placement with traditional loading is classified as Type 

4C, while immediate implant placement with early loading is classified as Type 1B. 

So, for example, Type 1A (immediate implantation with immediate loading) can be 

performed only by specialists with high manual capabilities and rich clinical experience, as 

well as in the presence of certain conditions Fig. 6.1, 6.2: 

- intact walls of the tooth socket; 

- vestibular wall thickness not less than 1 mm; 

- sufficient thickness of soft tissues; 



- absence of acute inflammatory process in the implantation site; 

- sufficient bone level both lingually and apically to ensure primary fixation; 

- torque 25-40 Ncm and/or ISQ > 70; 

- occlusal scheme that provides protection of temporary restorations during their 

functioning; 

- cooperation from the patient. 

Type 4A (late implantation and immediate loading) is a clinically documented protocol. 

The implant survival rate was 98%.  

Type 4B (late implantation and early loading) is a scientifically and clinically proven 

protocol. The survival rate was 98%. 

Type 4C (immediate implantation and protocol loading) is a scientifically and clinically 

proven protocol. The survival rate was 98%. 

When considering implantation/loading protocols, there are factors that may interfere 

with the planned treatment. These factors include: a. Factors related to the patient; b. Lack of 

primary implant stability; c. The need for augmentation of the alveolar ridge of the jaws, etc. 

Section 3 thoroughly describes the factors that influence the interaction of the implant with the 

bone tissue. 

On the basis of contact with the oral cavity during implant engraftment: 

- One-stage implantation is an implantation technique that involves the placing of 

implants, both monolithic and collapsible, and during the healing period, the transgingival part 

(abutment, gingival shaper) is located at the level of the mucous membrane. 

- Two-stage implantation is an implantation technique that provides for the engraftment 

of only the root, intraosseous part of the implant in isolation from the oral cavity; only after the 

successful solution of this problem, the suprastructure is attached to the root part of the implant 

according to the prosthetic protocol. 

One-stage technique of implant placement can be used in I and II types of bone 

architecture and favorable anatomical and topographic conditions for implantation:  

- sufficient bone volume, adequate interalveolar and interocclusal height, normal bite;  

- availability of conditions for accurate adaptation of the edges of the surgical wound 

in the implant area;  

- no obvious risk of inflammatory processes in the oral cavity in the postoperative 

period, such as periodontitis.  

The one-stage technique can also be used in III and even IV type of bone architecture, 

but under conditions of bicortical implant placement. 



The two-stage protocol involves countersinking the implant below the level of the 

sacral bone and no load on the implant for 3-6 months.  

The main advantages of two-stage implantation:  

- minimization of the risk of bacterial infection;  

- prevention of apical migration of the oral epithelium;  

- reduction and minimization of the risk of early load on the implant during bone 

remodeling. 

Here is an example of immediate implantation with immediate loading.  

 

 

Fig. 6.1 Immediate implantation in the area of 24 tooth. 

 



 

Fig. 6.2. Temporary composite crown in the area of the placed implant. 

 

Eight weeks after tooth extraction is the golden time to place a GBR implant in the 

aesthetic area if we cannot do immediate implantation. In this case, bone augmentation was 

used, a sandwich graft with double membranes after implant placement Fig. 6.3- 6.7.  

 

 

Fig. 6.3. The area of the defect 11,21. The teeth were extracted 8 weeks ago. 

 



 

Fig. 6.4. Condition of bone tissue after detachment of the muco-osseous flap. Final 

healing of the bone did not occur. 

 

 

Fig.6.5. 2 implants P\placed in the area 11,21. Bone defect in the neck area of the 

implants. 

 



 

Fig. 6.6. Bone augmentation: sandwich graft with double membranes. 

 

 

Fig. 6.7. Wound sutured with knot sutures Final prosthetics is possible in 6 months 

after implantation. 

 

6.2 Medical support of dental implantation. Anesthesia. Pharmacological aspects 
 

Dental implantation can be carried out using one of the types of anesthesia: local, 

general, combined. 

The most common type before dental implantation is local anesthesia. 



The combination of two types of local anesthesia – intraosseous and block anesthesia – 

is ideal for bone surgery. Anesthetic drugs are simultaneously injected into the surrounding 

nerve trunk and bone tissue. This type of anesthesia allows you to effectively numb a certain 

area of the jaw. 

Local potentiated anesthesia is used with amide anesthetics with the addition of 

vasoconstrictors (adrenaline, norepinephrine, filipressin) at a concentration of 1:100,000; 

1:200,000, according to the functional state, including cardiovascular and other systems, taking 

into account concomitant diseases. Mandatory premedication, which is determined on the basis 

of custom indications (complexity of the implantation option and features of the psycho-

emotional and general somatic state of the patient). 

In a clinical situation that requires a significant amount of surgical intervention (a 

significant number of implants, combination of implantation with additional methods of bone 

augmentation), in case of intolerance of the patient to anesthetics, general anesthesia is used.  

In adult dental practice, a combination of central and local anesthesia with sedation is 

more often used: 

- Potential anesthesia 

- Analgesia sedation 

- Procedural sedation 

- Deep sedation 

- Potentiated local anesthesia 

- Monitored sedation 

- Medicated sleep. 

Superficial sedation (light sedation, anxiolysis) – consciosus sedation – calming the 

patient with the possibility of speech contact and targeted execution of commands, allows the 

patient to sleep and rest. 

Medium sedation (sedation with consciousness) – moderate sedation – medically 

controlled state of depression of consciousness, the patient independently controls the airways 

and responds to verbal stimuli. 

Deep sedation (analgesia) – deep sedation – calming the patient with limitation or 

exclusion of consciousness with the preservation of protective reflexes. Medically controlled 

state of depression of consciousness, where the patient may not always easily wake up, 

independently provide airway patency and respond to verbal stimuli. 

General anaesthesia (general anesthesia, anesthesia) – total anaesthesia is a medical 

exclusion of the patient's consciousness with the loss of protective reflexes, without responding 



to stimuli, with the provision of analgesia, neurovegetative blockade and, if necessary, muscle 

relaxation. 

The choice of general anesthesia method depends on the following criteria:  

- anesthesiologist's skills and experience;  

- equipment and drug supply of the clinic; 

- psycho-emotional and somatic state of the patient; 

- volume and duration of necessary interventions; 

- comparison of the degree of anesthetic and dental risk. 

Contraindications to the use of general anesthesia in outpatient dental practice:  

- Diseases in which it is contraindicated to perform interventions, except for vital ones 

(fresh myocardial infarction, vascular thrombosis and cerebral hemorrhage, blood diseases 

with impaired blood coagulation, but if medication is carried out to increase blood coagulation, 

the operation can be performed with further treatment in a hospital); 

- Acute inflammatory diseases of the respiratory system; 

- Open form of pulmonary tuberculosis; 

- Acute alcohol intoxication; 

- Acute inflammatory processes in the pharynx and the floor of the mouth, accompanied 

by trismus; 

- Significant anemia. 

General anesthesia is the most complex, requires certain hardware and medical 

equipment, namely cardiopulmonary monitor, oxygen concentrator, pulse oximeter, ventilator, 

infusion machine, Ambu bag, all for intubation Fig. 6.8. 

 



 

Figure 6.8. Appearance of the dental office during sedation. 

 

Despite the high risk of natural microbial colonization of the oral cavity during dental 

implantation, it becomes necessary to use systemic antimicrobial agents (antibiotics) in the 

form of a preventive single dose or a prophylactic postoperative course. In this case, the 

antibacterial drug should 

- be active against probable causative agents of infectious complications; 

- not cause rapid development of resistant pathogenic microbes; 

- penetrate well into tissues at risk of infection;  

- be relatively low toxicity. 

Principles of antibacterial prophylaxis before oral surgical procedures, including dental 

implants: 

I. Dental procedure must have a high risk of infection  

(> 10%) or the presence of factors* that increase the risk of infectious complications. 

* Additional risk factors for postoperative wound infection include: 

- surgical procedures that last more than three hours; 

- advanced age (> 70 years); 

- uncontrolled systemic diseases; 

- use of immunosuppressive drugs (corticosteroids, etc.); 

- placement of foreign objects in the surgical area (materials for bone grafting, etc.). 



II. The choice of antibiotic or the spectrum of its activity should correspond to the 

aggressive microflora characteristic of this surgical access. For example, a bactericidal 

antibiotic (penicillin or clindamycin). 

III. Time of antibiotic use per os – one hour before the first surgical intervention. 

IV. Ensure a sufficient level of antibiotic in the tissues during surgical manipulation. 

The dose of antibiotic should exceed the therapeutic dose at least 2 times.  

V. Single-shot antibiotic prophylaxis. Stone and many other researchers have shown 

that the administration of antibiotics after surgery does not reduce the incidence of infection in 

the wound area. 

Pre-operative antibacterial prophylaxis in outpatient dental practice in healthy patients 

is indicated in the following cases: 

1. Placing of dental implants with bone augmentation; 

2. All types of osteoplasty; 

3. In orthognathic surgery. 

What protocols are used nowadays? 

Two protocols that have proven their effectiveness: 

Protocol I: 2 or 3 grams of amoxicillin orally once 1 hour before surgery. 

Protocol II: 1 gram of amoxicillin orally 1 hour before surgery and 500 mg 4 times/day 

for 2 days. 

Antibiotics in dental implantation are used according to the following modern 

principles: 

1) preventive – administration 1 hour before surgery;  

2) empirical choice of the drug – primary effect on potential pathogens with appropriate 

pharmacological characteristics (bactericidity, normal permeability, bioequivalence of 

injectable and tablet forms); 

3) stepwise route of administration: before surgery – parenteral, then per os in the 

postoperative period. Among the antibiotics that meet the necessary requirements are cefazolin 

/ cephalexin, zinacef / zinnate, amoxicillin. 

Alternatively, in case of intolerance to the above drugs, second-generation macrolides 

(Coaliciad, Rulid or Rovamycin), as well as lincosamides (lincomycin or clindamycin) can be 

used. In standard cases, antibiotics are used for up to 3-5 days (prophylactic course); in cases 

of sinus lift or reconstruction of the alveolar ridge, a therapeutic course lasting 7-14 days is 

carried out. 

In addition to antibiotics, it is necessary to use:  



-glucocorticoids as the most powerful anti-inflammatory drugs (dexamethasone or 

dexazone – 1.0-2.0 ml (4-8 mg) in / m) – 30-60 minutes before surgery;  

-prophylactic hemostatics and angiostabilizers (dicinone or ethamsylate – 2.0-4.0 v / 

m) – 30-60 minutes before surgery; 

- analgesics based on paracetamol or ibuprofen;  

- antiseptics from the group of biguanides (chlorhexidine 0.005%, corsodil 0.2%, 

eludril 0.1%) for the treatment of the oral cavity before surgery and in the postoperative period 

until the sutures are removed.  

For antiseptic treatment, the oral cavity before surgery is irrigated for 2-3 minutes with 

a solution of chlorhexidine or its derivatives (corsodil or eludril) or oral baths are made. 

Compliance with the principles of drug therapy described above provides optimal 

conditions for dental implantation and the successful course of osteointegrative processes. 

Preoperative preparation includes: 

1. Sanitation of the oral cavity;  

2. Antimicrobial prophylaxis;  

3. Premedication. 

Stages of surgical intervention  

1. Implant placement surgery; 

2. Additional operations (according to indications); 

2.1. Sinus lift; 

2.2. Retransposition of the inferior alveolar nerve; 

2.3. Increasing the height of the alveolar ridge with bone grafts; 

2.4. Vestibuloplasty, excision of mucosal cords.  

Dental implants are placed using special tools and equipment (see subsection 2.7). 

The results of dental implantation are evaluated by each patient according to the 

aesthetics of the prosthetic structure, convenience of functioning. In the treatment of adentia 

with the help of dental implants, the basis of planning is the correct choice of prosthesis, which 

is correlated with the type, number and parameters of implants required for support, as well as 

the angles of their inclination during placing. The range of surgical interventions in dental 

implantation in terms of complexity and duration can be different – from easy and short 

operations to multi-stage operations. 

The success of dental implantation in many cases depends on asepsis and antisepsis, as 

well as on compliance with all organizational rules of work in operating rooms of outpatient 

and inpatient profiles. 



During implantation interventions it is necessary to take measures to prevent such 

dangerous infections as tuberculosis, syphilis, hepatitis, HIV infection. 

 

6.3. Surgical preparation of the oral cavity for implantation 
 

Classification of maxillary subantral augmentation  

In most cases there is insufficient bone volume for implantation in the posterior areas 

of the maxilla. This is often due to a deficit in bone height and, in some cases, and/or width. 

The height deficit is primarily associated with the presence of large maxillary sinuses. In 

addition, in the presence of periodontal and endodontic problems in the area of premolars and 

molars of the upper jaw, after their removal, the alveolar ridge resorption occurs. It can 

separately cause a deficit of both height and width, and in combination with excessive 

pneumatization of the sinuses lead to excessive bone height deficit.  

The volume of the sinuses in adults ranges from 4.5 to 35.2 cm³ (Drettner B., 1980), 

with an average size of about 15.0 cm³ (Drettner B., 1980; Jakubowicz M., 2006). According 

to other authors, it is 12 cm³ (Timofeev A., 1997). In men, the sinus volume is larger 

(approximately 18 cm³) compared to women (12 cm³). This variability in sinus volume allows 

clinicians to distinguish three types of sinuses: pneumatic, mixed, sclerotic.  

Pneumatic sinuses have a large volume, on panoramic radiography the bottom of the 

sinus is located below the tops of the roots and the bottom of the pear-shaped sinus, often there 

are protrusions (coves) in different directions. On tomograms, the roots of the teeth penetrate 

or adjoin the walls of the sinuses. They often have additional partitions.  

Mixed type of sinus structure implies an average volume, on panoramic radiography 

the bottom of the sinus is adjacent to the tops of the teeth and is located at the level of the 

bottom of the nose or slightly lower, cavities are less common. On tomograms, the roots of the 

teeth are adjacent to the bottom of the sinus apices.  

In sclerotic type of structure, there is a volume of sinuses and panoramic radiography 

shows that the bottom of the sinus is located at a certain distance (≥ 2-3 mm) from the apexes 

of the roots, above the bottom of the nose, no cavities.  

The height of the alveolar ridge in the presence of teeth with a mixed type of sinus 

structure is on average 7-10 mm, pneumatic – less than 7-8 mm, sclerotic – more than 12 mm. 

In case of tooth loss in patients with pneumatic type of sinus structure, there is excessive 

resorption of the already low ridge due to increased pneumatization of the sinus (antral 

resorption) and resorption of the ridge apex (oral resorption) due to the lack of load transmitted 



through the roots of the teeth. In case of tooth loss in patients with mixed type of sinus structure, 

resorption is moderate due to the antral component and normal due to the oral component, with 

an initial moderate height of the alveolar ridge. And in the sclerotic type of sinus structure, 

bone resorption occurs due to the oral component and therefore the residual bone height, in the 

absence of periodontal and endodontic problems, is sufficient for implant placement. In 

addition, the penetration of roots into the sinus area in the pneumatic type of structure and 

adjacency in the mixed type of structure contribute to the formation of odontogenic cysts and 

sinusitis, which increase the risk of complications during restoration in these areas and require 

surgical correction. The average height of the residual ridge varies between 9.3 mm and 3.23 

mm (Jensen O., 1999). In the anterior (premolar area) and posterior sinus areas (third molars 

and cusp), the height is greater than the average. The residual width of the ridge is from 5.02 

mm to 8.75 mm. In the anterior region of the sinuses, with the loss of premolars, there is a 

decrease in width and often its deficit. Also, the width in the area of the cusp may have average 

values (about 5-6 mm). In the middle area, it is mostly sufficient in the pneumatic and mixed 

structure of the sinuses and is more than 7-8 mm in case of a large height deficit. Most likely, 

the zygomatic-alveolar ridge contributes to the preservation of width. The decrease in bone 

volume due to the loss of the lateral group of teeth makes it difficult to place intraosseous 

implants of optimal size.  

To solve the problem of bone volume deficit in these areas, the following techniques 

have been developed and used:  

- subantral maxillary augmentation (sinus lift); 

- vertical, horizontal and mixed augmentation by methods of autotransplantation of 

blocks, placing of titanium meshes or barrier membranes with grafting, ridge splitting;  

- combined techniques (sinus lift and other augmentation techniques); methods of 

bypassing the bottom of the sinus; placing of short volumetric implants. 

In case of normal location of the apex of the alveolar ridge and sufficient width, such a 

common intervention as subantral augmentation (sinus lift) is used. Sinus floor elevation was 

first performed in the late 70s (Tatum). In 1980, the first article devoted to sinus lift was 

published (Boyne Ph., Sawes R., 1980). Nowadays, sinus lift surgery with the formation of a 

lateral window is a well-developed procedure with standardized approaches. Many sinus lift 

techniques have been developed and tested. This intervention should take into account general 

and local, absolute and relative contraindications. They are sufficiently covered in the 

literature, and we will not dwell on them. If they are present, it is necessary to correct the 

pathology, and if adequate results are obtained, the procedure will be justified. If such 



correction of the general status or local pathology is impossible, the sinus lift procedure should 

be abandoned. Increasing the mass of bone in the sinus area requires a lot of time and money. 

Complications of this procedure with proper planning and intervention are quite rare (Jensen 

O., 1999). The survival rate of implants placed in the sinus lift area is 91.49 % (Simion M., 

Fontana F., Rasperini G., Moiorana C. Long, 2004). Fluctuations in survival with a one-stage 

and two-stage (delayed) approach are small – 92.17% and 92.93%, respectively. The use of 

implants with a rough surface allows to obtain a better result compared to implants with a 

smooth surface (95.98% and 85.64%). The survival rate of implants using autogenous bone is 

87.7%, in combination with various substitutes – 94.88%, with the use of substitutes – 95.98% 

(Jensen O., 1999).  

According to the analysis of five-year survival of implants placed in the distal maxilla 

after sinus lift and without it (87.9% and 88%, respectively), it can be concluded that sinus 

elevation is not an independent risk factor for implant failure (Mc Dermott N., Chuang S., Woo 

V., Douson T., 2006).  

Below we present the classification of subantral augmentation techniques (Opanasiuk 

I., Opanasiuk Y., Lyashenko E., Syuma A., 2006), formed in 2003 and improved in 2004.  

Classification of maxillary subantral augmentation (sinus lift) (Opanasiuk I.V., 

Opanasiuk Y.V., 2004)  

Depending on the access, open and closed sinus lift are distinguished.  

I. Open sinus lift.  

 1. Depending on the size of the window and the degree of elevation of the bottom of 

the sinus: classic; minimal; 

2. Depending on the length of the sinus floor elevation: partial (anterior, middle, 

posterior); full; 

3. Depending on other augmentation procedures: isolated; combined; 

4. Depending on the time of implant placement: open sinus lift with one-stage implant 

placement; sinus implant stabilizer; with stabilization by autoblock; with stabilization by mesh; 

open sinus lift by two-stage technique (with delayed implant placement).  

II. Closed sinus lift  

1. Depending on the technique of access formation in the alveolar ridge: classical; 

intralift (supplemented in 2007); trepanation; closed sinus lift by the technique of tenting the 

alveolar ridge; combined (local manipulations in the area of the maxillary sinus floor, ridge 

expansion with closed sinus lift, combination of several techniques of closed sinus lift, etc.); 



2. Depending on the method of raising the membrane: implantation; osteotomy; gel; 

balloon; hydraulic; 

3. Depending on the placement of bone substitution: with substitution; without 

substitution. 

Before covering the techniques of subantral augmentation, let us stop on the indications 

and conditions of the procedure.  

Indication is the residual bone height in the area of the sinus floor < 10 mm. Conditions: 

sufficient width of the alveolar ridge; location of the ridge apex not higher than 3 mm of the 

cement-enamel junction of the adjacent teeth; in case of complete adentia – location of the 

ridge apex at the level of the anterior area or at the level necessary to ensure an adequate ratio 

of the implant and crown length. In the absence of such conditions, they are often created 

simultaneously with the sinus lift operation using other augmentation techniques. In this case, 

such augmentation techniques should be considered a combined rather than an isolated 

intervention (sinus lift with lateral augmentation by grafting and NCR or titanium mesh 

placement, etc.) Occasionally, sinus lift techniques are performed and bone conditions are 

corrected in the second stage.  

1.2. Closed sinus lift techniques. They differ from the open sinus lift by the availability 

of access to the sinus membrane. In the case of an open sinus lift, access to the sinus occurs 

through the lateral wall, in the case of a closed sinus lift – from the bottom.  

Surgical kits for closed and open sinus lift are presented in Fig. 6.9, 6.10. 

 



 

Fig. 6.9. Surgical kit for closed sinus lift 

 

According to some authors (Jensen O., 1999; Winter A., Pollack A., Odrich R., 2003), 

the indication for open sinus lift is considered to be a residual height of 6 mm or less, according 

to some authors (Jensen O., 1999; Winter A., Pollack A., Odrich R., 2003), according to others 

– 4 mm or less (Lang M., 2004), 8 mm or less (Paraskevich V., 2002). It is noted that it should 

always be carried out at a height of less than 5 mm, when the membrane is elevated through 

the alveolar access by 5 mm or more, and the stabilization of implants is complicated. In open 

sinus lift, a bone window is formed, usually rectangular in shape with rounded corners, 10 × 

15 mm in size, using diamond burs 2-2.5 mm in size. Other forms of bone windows are not 

used in wide practice. After that, the bone fragment with the relative membrane is lifted and it 

serves as a bone "roof" for the created space. Some authors recommend separating the bone 

fragment from the membrane to prevent perforation of the membrane during elevation, then 

grinding it and placing it in the graft. Sometimes, with a lateral wall thickness of 2-3 mm, it 

can be used as a veneer block in the area of premolars with insufficient width. After lifting the 

sinus membrane, the residual bone height is determined to determine the possibility of 

simultaneous implant placement. In this case, the presence of a residual bone height of 4-5 mm 

allows simultaneous placement of implants using a two-stage technique, to achieve sufficient 



primary stability (the technique of classical open sinus lift with simultaneous placement of 

implants).  

 

 

Fig. 6.10. Surgical kit for open sinus lift 

 

At the present stage, in order to reduce the treatment time, additional fixation devices 

and materials have been used to stabilize implants placed in the residual bone 2-3 mm high. 

These are autoblocks, xenoblocks, titanium walls (Hoffman J., Heinemann F., 2003; Opanasiuk 

I., Opanasiuk Y., 2003), titanium mini-plates (Lang M., 2004).  

The technique of additional fixation with a titanium mini-plate is called sinus implant 

stabilizer (SIS). However, with a residual ridge height of 1-2 mm, many dentists note that in 

such cases the implants can be placed simultaneously with the replantation, but technically it 

is difficult to perform such an intervention, as well as the positioning of the implants (Jensen 

O., 1999).  

In addition, the risk of loss of implants is higher, as well as the risk of loss of grafting 

and possible resorption of the residual bone. Sometimes there is a shift in the position of the 

implants.  

The maxillary sinus is divided into three sections. The anterior section covers the area 

from the anterior wall to the second premolar. The sinus in this area is shallow (short distance 



from the lateral to the medial wall). The transition to the anterior wall is mostly at an acute 

angle, and there may also be a protrusion (anterior sinus bay). On the one hand, the small 

volume of space and the presence of thicker vascularized bone walls create the prerequisites 

for faster and more reliable engraftment and bone formation, on the other hand, it creates 

technical difficulties for lifting the membrane in the anterior angle of the sinus. Complications 

in the form of perforations of the membrane, as well as obturation of the anterior bay with 

subsequent inflammation may occur more often. In addition, there are often transverse and 

oblique, horizontal and longitudinal additional septa. Therefore, it is necessary to adequately 

evaluate the radiological examination data and properly form access to this area for proper 

visualization. The residual bone height often allows simultaneous implant placement or closed 

sinus lift. 

The middle section extends from the medial surface of the first molar to the distal 

surface of the second molar. It is characterized by a large depth in the floor area, as well as the 

presence of thin bone walls and low residual bone height. Less often than in the anterior section, 

there are additional partitions. Sinus protrusion is also detected, but in the area of the alveolar 

process (alveolar bays). From the point of view of surgical intervention, this section is more 

favorable than the anterior one. But in terms of adequacy of bone formation and percentage of 

implant loss it is less favorable.  

The posterior section extends from the medial surface of the third molars to the 

posterior wall of the sinus. It has an average depth, a smoother transition of the bottom to the 

posterior wall than the anterior. The walls are usually moderately pronounced. The residual 

bone height due to the tubercle is sufficient for one-stage implant placement. In terms of 

surgical difficulties and adequacy of bone formation, it occupies an intermediate place between 

the anterior and middle. The number of additional partitions is the smallest, occasionally there 

are posterior bays.  

If it is necessary to lift the sinus membrane in the anterior section, such a sinus will be 

called an anterior classic sinus lift. Then the window is formed in the anterior section for 

sufficient visualization of the anterior angle of the sinus. If necessary, the window is formed in 

the anterior and middle sections with the transition to the middle section. This transition 

minimizes complications, and the procedure will be called an anterior-medial open sinus lift.  

If there is a need for replanting in the middle and posterior sections, it is better to form 

the window in the middle section with the transition to the posterior (middle-posterior open 

sinus lift) Fig. 6.11.  



In total open sinus lift, the membrane is lifted in all sections, and the window is often 

formed from the middle section to the anterior and posterior sections. It is more expedient to 

continue its formation in the anterior section or to form two windows in the anterior and middle-

posterior sections.  

In the case of a closed sinus lift and the presence of a residual bone height of 5 to 8 mm, 

in case of perforation of the sinus membrane, in most cases it is not necessary to form a classic 

high window. Then a window about 5-6 mm high is formed in the area of the bottom projection. 

It is enough to raise the sinus membrane and isolate the perforation site with a collagen sponge 

(Tachocomb, Colla Tape) or collagen membrane, place a 10-12 mm implant and replant the 

material with a bone syringe. Such a sinus lift is called minimal open.   

  

 

Fig. 6.11. Bone window in the middle-posterior open sinus lift. 

  

Recently, many manufacturers of ultrasonic surgical devices for bone surgery have 

developed a set of tips for sinus lift, which we will discuss in the next paragraph. Also, it should 

be noted that the ultrasound machine is used to form the window when the lateral wall of the 

sinus is thin. With thick walls, the window is first formed in the classical way, and with the 

approach to the sinus membrane, an ultrasonic tip is used. It is also used for bleeding from 

small intraosseous vessels during the formation of a window in thicker bone, as there is a proper 

hemostatic effect and optimal visualization of the incisions. In the case of a thin sinus 



membrane, which is easily separated, and the absence of additional septa, the membrane is 

lifted with classic manual curettes. The presence of fibrous adhesions of the altered sinus 

membrane with the bone in the area of the bottom due to inflammatory processes makes it 

necessary to use ultrasonic tips, which help to lift the membrane more gently. They do not 

damage soft tissues, but minimally remove the bone layer, allowing to mobilize the membrane 

without ruptures, to activate the bone surface for proper angiogenesis. At the same time, good 

visibility is provided due to the hemostatic effect. In addition, it should be used in the presence 

of additional partitions. 

Recently, the "Piezotome" apparatus has been used, and the "Implant Center" apparatus 

(Acteon group) with periodontal, endodontic, piezosurgical, and implantological options has 

been used for predicting one-stage implant placement, endodontic or periodontal interventions. 

With the help of one device in sterile conditions it is possible to perform any interventions. In 

addition, ultrasonic devices are ideal for bone harvesting in order to ensure the optimal quality 

of the grafting. Indications for closed sinus lift are residual bone height of 4-5 mm and more, 

although some authors still recommend their widespread use at a height of 7-8 mm. The 

procedure allows you to lift the membrane and get an increase in bone by an average of 4-5 

mm or more. When lifting by 1-2 mm, replanting is not necessary, as the process of 

spontaneous bone formation occurs. At a height of 3 mm or more through the access in the 

alveolar ridge is formed by implant cutters (classical closed sinus lift (CCSL)). When it is 

formed, the drilling direction for planning the elevation of 1-2 mm can be the usual vertical. 

Drilling is completed subcortically at the bottom of the sinus. After that, an osteotome (straight 

or curved) with a rectangular end, preferably with a limiting ring, tapping with a hammer, 

breaks through the cortical plate of the bottom and places an implant 2 mm longer than the 

residual bone height (classic osteotomal CSL). Implants with aggressive threads can be used 

for elevation, provided that there is no very soft bone (classic implant CSL). In one third of 

cases, the cortical lamina of the sinus floor is weakly expressed or completely absent and the 

cutter falls through submucosally. If the perforation of the membrane (nasal test, palpation with 

a periodontal probe) has not begun, it is best to expand access to the diameter of the implant, 

lift the membrane with bone-plastic material in the form of a gel and at the same time get a 

graft (classic gel CSL). In this case, it is possible to use a saline solution (classical hydraulic 

CSL) or a silicone balloon (classical balloon CSL) to slightly lift the membrane and then place 

a granular graft. In this case, an attempt to lift the membrane much more (3-5 mm) with an 

osteotome and place granular material can lead to perforation due to mucosal tension. Lifting 

by 1-2 mm may be successful.  



When planning to lift the membrane by 3-5 mm or more, the direction of access should 

be oblique to the inner outer wall. And then, after perforation of the cortical plate of the sinus 

floor with a pilot drill or osteotome, the membrane is peeled off with an osteotome or gel to a 

higher height without creating membrane tension.  

When using osteotomes with a rectangular end for elevation, the grafting is performed 

with such osteotomes or osteotomes with a cup-shaped end and granular material (“Bio-Gen 

spongiosa”, “Bio-Gen mix”, etc.) is placed. Summers suggested using trepans to form the 

access. Then, taking out the bone core, lift the membrane with an osteotome and place the graft 

(trepanation osteotomous CSL). The technique of trepanation CSL with the placement of 

volumetric implants is also used.  

With a residual bone height of 2.5-3 mm or more, the access is formed subcortically 

with a trepan. The bone core is pushed with an osteotome into the sinus cavity, easily tapping 

with a hammer. A collagen sponge is placed in the formed bed, and possibly a gel ("Fiziograft 

gel", "Ghimas"; "Biocollagen gel", "Bio-Gen mix gel", "Osteoplant mix gel", "Bioteck") and 

implants of appropriate length are placed according to a one-stage technique. With high 

stability, direct prosthetics (non-functional and functional) is performed. In case of doubtful 

stability, prosthetics is carried out in a remote period. If insufficient stability is predicted, a 

medium resorption grafting material ("Bio-Gen mix", "Bioteck") is placed on top of the 

collagen sponge and the wound is sutured.  

Implants are placed after 4-6 months in the middle and posterior sinuses, the width of 

which is often 7-8 mm or more. In most cases, the implants have sufficient stability due to their 

fixation by the vestibular and oral cortical plates, even with a ridge height of 2-3 mm.  

In the presence of a residual ridge height of 2-3 mm, a closed sinus lift by the technique 

of tenting the alveolar ridge – SACT technique – is proposed. According to this technique, a 

rectangular window in the ridge 3-4 mm wide is formed with the help of chisels in soft bone 

types, in denser bone types the ideal tool is a piezosurgical device ("Piezotome", "Implant 

Center", "Acteon group"). The bone fragment is pushed into the sinus cavity and a collagen 

sponge ("Colla Tape") is placed with simultaneous implant placement. 

In case of insufficient stability, they are stabilized with titanium mesh. In 2007, a group 

of scientists (Wainwright M., Trоedhan A., Kurrek A.) developed a technique of ultrasonic 

closed sinus lift and a set of tips manufactured by “Acteon group”. The essence of the technique 

is the formation of the initial access with a pilot cutter, which recedes 2 mm from the bottom 

of the sinus. With a residual bone height of 2 mm, the access is immediately formed using an 

ultrasonic tip (TKW 1). The piezotome technique allows surgeons to prepare the bone 



placement area without the risk of damage to the membrane (except for failure). The following 

tips expand the access. With the tip TKW 4, under the influence of hydrodynamic cavitation, 

the membrane is quickly lifted and a sufficient mass of bone-plastic material is also easily 

implanted. After that, as with all closed sinus lifts, a one-stage implantation is performed if the 

conditions are available.  

Next, we will focus on the combined methods of closed sinus lift. In case of horizontal 

resorption of the ridge by ½ of the height and residual height of 6-7 mm or more, the technique 

of local manipulation in the area of the sinus floor is offered, which consists in splitting the 

ridge with one-stage osteotomous closed sinus lift and implant placement. With horizontal 

resorption of 1/3, residual width of 4 mm and height of 6-7 mm or more, it is possible to expand 

the ridge with a closed sinus lift. Sometimes it is possible to combine different techniques of 

closed sinus lift when intervening in one area (classic osteotomy + SACT). Closed sinus lift by 

the classical, trepanation method, intralift can be performed using a flapless technique.  

Now let's focus on the tools for sinus lift. The main tool is a trepan, which forms a 2 

mm deep track; in the center there is a pilot cutter that prevents vibration during drilling. Trepan 

of three different diameters is used to remove the step that is formed due to the "stop" in the 

work of the diamond cutter. Diamond drill bits are also used that allow the bone to be drilled 

by grinding rather than filing. These sharp but safe cutters grind 2 mm of bone in about 20 

seconds. A mushroom-shaped instrument lifts the sinus mucosa from the edges. During the 

operation, an elevator, curette and spatula are used. Access to the bottom of the maxillary cavity 

is opened with a cutter, and the bone is trepanned using an osteotome or a piezosurgical tip. 

Sinus lift instruments with different ends are used for horizontal and vertical distribution of 

bone substitute in the cavity. Nowadays, instruments have also been created with precise 

observance of the effective use of two working ends of one instrument in combination with the 

highly technical concept of ergonomic instrument handle for safe surgical interventions.  

As an example, we can consider the "Ergoplant" instruments with a rotationally 

symmetrical handle, which is either painted cobalt blue from high-quality PEEK 

(Polyetheretherketon), a synthetic material, or made of surgical stainless steel (only for 

forceps). The PEEC material meets hygienic requirements due to the integral and tightly fitting 

stainless handle of the Ergoplant instrument. Thus, for splitting the bone – BONE-Splitting – 

the following “Aesculap” instruments can be used: four straight ergoplant osteotomes with a 

width of 2-8 mm; two angular osteotomes with a width of 4-6 mm; one special stepped straight 

osteotome with a width of 6 mm. For bone compaction – BONE-Condensing – increasing the 

primary stability on the upper jaw with soft bone structure – a cone-shaped ergoplant bone 



compactor handle was created on the top of the convex working part. According to the step 

principle – starting with a small perforation, approximately from 1 to 1.5 mm, in order to 

preserve the bone tissue as much as possible – the first ergoplant-sealer with a diameter of 1.5-

2.2 mm is inserted into the perforation. All subsequent seals are matched to each other and are 

used in such a way that for each standard implant diameter, regardless of the manufacturer's 

information, bone compaction is achieved for implant placement. Pitch of single cone-shaped 

ergoplants-seals: 1.5-2.2 mm; 2.2-2.8 mm; 2.8-3.5 mm; 3.5-4.2 mm; 4.2-4.5 mm; each in 

straight and angled versions. For internal sinus lift – interner SINUSlift – the corresponding 

instrumentation is offered – sinut. It differs mainly in its concave, circular-semi-sharp working 

part. Also, the working rod is not cone-shaped, but cylindrical, which allows the use of bone 

chips from the bed. Since the metal rod passes through the PEEC handle, “Aesculap” has 

designed the corresponding end of the working part of the sealer and the sinuosity for the use 

of the ergoplant hammer. Pitch of single ergoplant synutomes: 2.2 mm; 2.8 mm; 3.5 mm; 4.2 

mm; 4.5 mm; each in straight and angled versions. For external sinus lift, “Aesculap” has 

developed only two instruments based on the principle of minimalism: D×560 R and D×561 

R. There is also such a tool as an ergoplant-bone mill. One working part is fork-shaped. The 

second working part is designed to scrape the resulting bone mass from the surface of the 

cutting plate. In case of a small need for bone tissue for augmentation, an ergoplant-bone 

spreader can be used. The D×252 R modification has a triangular working part. And the 

working surfaces of the D×253 R instrument are rectangular. For the transfer and placing of 

the obtained bone tissue, a special instrument under the catalog number D×555 R has been 

developed. One working part has an angled tray for introducing the collected bone chips, and 

the second – a flat corkscrew for compaction. The membrane insertion tool D×600 R, thanks 

to its small footprint and centrally located needle, allows you to pick up the wet membrane. 

The needle may also be needed for marking when placing membrane nails. The other working 

end can be universally used as a small spatula, for example, to scrape the resulting bone chips 

from the bone rasp.  

Nowadays, soft sinus lift is performed in combination with simultaneous implantation 

of partial adentia of the upper jaw. Relative contraindications to this operation: acute, subacute 

maxillary sinusitis of various etiologies; chronic polyposis maxillary sinusitis and its cystic 

form; tumors of the upper jaw. The preparatory stage of the operation includes a mandatory set 

of standard procedures: Panoramic radiography, and sometimes X-ray computed tomography 

of the upper jaw; careful analysis of the linear dimensions of the height of the alveolar process 



of the upper jaw, the distance to the borders of the maxillary sinus floor, the contours of the 

maxillary sinus in the mesiodistal direction.  

This method is used with preoperative maxillary sinus sanitation to achieve positive 

results. Under local anesthesia on the edentulous area of the alveolar ridge of the upper jaw, 

muco-osseous trapezoid flaps are done and elevated with the base to the transitional fold on 

the vestibular side. Under abundant cooling with saline solution, the compact outer plate of the 

alveolar ridge of the upper jaw is opened with a spherical boron. Next, a cutting tool (cylindrical 

guide drill, conical reamer, tap) is used to form the bone placement area of the screw dental 

implant directly to the wall of the maxillary sinus floor (without destroying it). Then a trepan-

perforator is screwed into the formed bed, which consists of a bone trepan with a tail and a 

manual ram at its end, located in the through axial hole of the bone support screw. The outer 

surface of the trepan is identical to the screw surface of the dental implant to be placed. 

Perforation of the maxillary sinus wall is performed manually by rotating the bone trepan with 

the help of a manual ram, as a result of which a bone column is sawed out, the base of which 

is the wall of the maxillary sinus floor. Then this device is unscrewed from the bone placement 

area and an elevator is placed in its place to perform the procedure of final perforation of the 

wall and detachment of the mucous membrane of the maxillary sinus floor. The elevator has a 

threaded rod with a smooth ball at one end and a chiropractic ram at the other, located in the 

threaded axial hole of the bone support screw, the outer surface of which is identical to the 

screw surface of the implant to be placed. The rotational movement of the manual ram will 

correspond to the translational movement of the smooth ball deep into the maxillary sinus. The 

depth of penetration into the maxillary sinus and, accordingly, the volume released is easily 

determined by multiplying the number of turns of the chiropractic ram by the known thread 

pitch of the rod. This procedure is recommended to be performed under the control of a 

visiograph. Then fill the entire volume of the formed cavity with collapan granules or its liquid 

solution. To fill the specified volume with collapan granules, an elevator is also used: having 

screwed it in, the bone placement area is filled with granules of bone-plastic material. Then the 

elevator is screwed into the bone placement area again, thus moving the collapan granules into 

the released volume of the maxillary sinus by rotating the manual ram. The procedure of filling 

the volume of the formed cavity with a liquid mixture of collapan powder and blood is 

performed by a device that is also placed in the formed bone placement area. This device is a 

bone-supporting screw, the outer surface of which is identical to the screw surface of the 

implant to be placed, with a through axial cylindrical hole, which passes into a conical hole at 

the end, where a syringe with the specified mixture is placed. At the end of the last procedure, 



an artificial bone placement area is released, where a screw dental implant with a plug is 

inserted, and the operation is completed with hermetic suturing of the periosteum and mucous 

membrane wound. In 6-7 months after the control X-ray examination, the second stage of 

treatment is performed with the placing of the implant head followed by fixation of a bridge 

prosthesis or artificial crown. After placing of abutments, temporary prostheses are placed, and 

then – permanent ones.  

Knowledge of so many techniques allow a gentle way to perform interventions in the 

area of the bottom of the sinuses with the fastest good results. They can be combined in one 

surgical field and in one patient. 

 

6.4. Characteristics of minimally invasive surgical techniques used in maxillofacial 

surgery  
 

Currently, minimally invasive surgical techniques are used in maxillofacial surgery.  

Their advantages: atraumatics; painlessness; speed of manipulation.  

Types of such operations: transgingival implantation (express implantation); maxillary 

sinus endoscopy; piezosurgery, etc.  

Transgingival or express implantation. This method is used without cutting the gums 

and subsequent suturing: the implant is inserted transgingivally through the formed hole in the 

gum, after which the gingival adapter is placed simultaneously. Advantages: reduction of the 

duration of the surgical intervention – the placing of one implant takes an average of 10-15 

minutes; no incisions and postoperative sutures; no disturbance of blood supply in the implant 

area; no swelling and postoperative pain; one-step placing of temporary crowns on the implant. 

Successful express implantation requires: accurate diagnosis and planning using computed 

tomography; the use of a specially designed type of implants designed for immediate placing 

of crowns.  

Endoscopic methods. Nowadays endoscopic methods are widely used in many fields of 

medicine, including maxillofacial surgery (Lopatin A.S., 1998; Urazalin J.B., Sabdenaliev 

A.M. et al., 2000). The use of an endoscope allows to study the nature of pathological changes 

in various cavities of the body with little trauma. In maxillofacial surgery endoscopic 

technologies are used both for diagnostic purposes and for control of surgical manipulations in 

inflammatory processes of maxillary sinus, jaw cysts (Sysolyatin S.P., Sysolyatin P.R., 2005).  

In the modern literature on dentistry, maxillofacial surgery and otolaryngology there 

are many reports on the experience of treatment of sinusitis of various genesis and removal of 



foreign bodies of the maxillary sinus both endoscopically and through the anterior wall 

(Grigoryan A. Z., 2003; Zabolotny D. I., Zarytska I. Z., 2006; Krasnozhon V. M., Morozova 

O. V., 2006). The effectiveness of surgical treatment is high and, of course, the use of optics to 

detect foreign bodies prevails (Behrbohm H., 1991). In addition, access to the sinus in the 

middle nasal passage provides less bleeding and therefore easier detection of foreign material. 

The technique of such interventions is well developed in most rhinology clinics (Piskunov S.Z., 

Lazarev A.I., Bakanova T.R., 2004). Unfortunately, in dentistry and maxillofacial surgery 

endoscopic technologies have not yet received proper recognition and widespread 

implementation in practical medicine.  

Endoscopic technique can be used in dental implantology to improve the efficiency of 

dental prosthetics on implants and treatment of patients with foreign bodies in the maxillary 

sinus. This method allows for a comprehensive examination of the condition of the maxillary 

sinus mucosa in patients before sinus lift. The use of endoscopic technique for removal of 

foreign bodies from the maxillary sinus reduces the trauma of surgery and improves the results 

of appropriate treatment. In patients undergoing sinus lift surgery, it is advisable to examine 

the nasal cavity with a rigid endoscope. 

Piezosurgical methods. Piezosurgery (or ultrasound surgery) has now become one of 

the most advanced technologies in dental surgery. It can be used in such operations as tooth 

extraction, dental implantation with bone grafting and maxillary sinus floor elevation, 

orthodontic microsurgery, etc.  

The piezosurgical device creates ultrasonic vibrations and cuts only hard tissues of the 

body, without creating traumatic effects on blood vessels, nerves and soft tissues. The 

piezosurgery device allows you to work in hard-to-reach areas where the work of the drill can 

be dangerous and traumatic. Also, the piezosurgery device allows to collect bone material for 

transplantation.  

Advantages of this technique: all manipulations are low-traumatic and allow to avoid 

postoperative complications (bleeding, injury of blood vessels and nerves, severe pain, 

swelling, etc.); ultrasound creates a powerful antibacterial effect, which makes it possible to 

carry out antiseptic treatment of infected areas without the use of chemical compounds and 

antibiotics. The principle of ultrasound is to create pressure in liquids and gases that are 

distributed evenly with a low probability of rupture of the Schneider membrane.  

Ultrasound has been used in surgery for several decades, and a number of systems for 

ultrasonic tissue cutting are available on the modern market. The technique of piezosurgery, 

developed by T. Vercellotti, consists in the use of modulated ultrasonic vibrations to provide 



controlled cutting of bone structures, i.e., hard tissues.  The piezoelectric effect 

underlying the technique is the deformation of certain particles of ceramics and crystals due to 

the passage of electric current through them and as a result – the formation of ultrasonic 

frequency oscillations. The operating frequency of the piezosurgical device is 25-30 kHz. At 

this frequency only bone tissue is cut, for soft tissues a frequency of 50 Hz is required. 

Microvibrations generated in the piezoelectric tip cause micromovements of the working tip in 

the range of 60-210 microns, which, in turn, generates a power of the tip of more than 5 watts.  

The first piezosurgical device was developed for augmentation during the placing of 

dental implants, in particular sinus lift and splitting of the alveolar ridge. Using the 

piezosurgical technique it is almost impossible to damage the Schneider's membrane, blood 

vessels, nerves and periosteum, so its use is recommended in cases where it is very important 

to avoid contact with these structures. This allows to perform a simple, high-precision 

osteotomy of bone tissue without damaging the adjacent soft tissues. However, due to the fact 

that the mechanical energy of the device is not spent only on cutting mineral structures, energy 

can be transferred to soft tissues in the form of heat. Mechanical damage of soft tissues, in 

particular Schneider's membrane, due to strong pressure is also possible. That is why cooling 

is mandatory when working with this technique.  

The main advantages of the ultrasound machine  

- high-precision cuts: maximum surgical precision and intraoperative sensitivity;  

- selective cutting: maximum safety for soft tissues; 

- cavitation effect: maximum intraoperative visibility (bloodless field).   

Modern areas of application of the piezosurgery technique:  

- tooth extraction (including atypical);  

- osteogenic distraction;  

- endodontic surgery; 

 – raising the bottom of the maxillary sinus;  

- bone chip collection;  

- orthodontic movement of teeth;  

- formation of the implant bed;  

- lengthening of the crowns of teeth;  

- removal of ankylosed teeth;  

- periodontics;  

- collection of bone blocks;  

- removal of cysts;  



- alveolar nerve decompression.  

Increased attention of implantologists is attracted by the application of the technique 

for bone grafts harvesting, alveolar ridge splitting and subantral augmentation.  

The advantages of this technique are: reduced risk of perforation of Schneider's 

membrane; better visibility of the surgical field during osteotomy; more gentle incision of bone 

tissue. This is due to the selective ability of the instrument to cut only mineralized tissue, so 

that in case of accidental slipping of the tip from the bone tissue to the mucous membrane, the 

working tip is deactivated. According to Barone et al. (2008), the main disadvantage of the 

piezosurgical method is the time factor. 

The osteotomy procedure is significantly longer due to the lower cutting capacity of the 

piezosurgical device. Thus, according to Hoigne et al. (2006), Kramer et al. (2006), depending 

on the thickness and density of bone tissue, the duration of osteotomy can increase up to five 

times and even more. The technique has limited use in the presence of thick bone, as well as in 

areas with limited access. Stubinger et al. (2005) expressed an opinion about the possible side 

effects of the piezosurgical method, in particular thrombogenesis and impaired blood 

circulation in the osteotomy area.  

However, back in 1975 J. Horton et al. demonstrated signs of favorable bone wound 

healing after injury with ultrasonic instruments.  

G. Chiriac et al. (2005), comparing in vitro the viability and differentiation of cells 

during bone chip harvesting by piezosurgical method and traditional rotary instruments, proved 

that there is no significant difference between these methods. Moreover, in vivo wound healing 

processes after osteotomy with piezosurgery and diamond/carbide drills were studied using an 

experimental model and showed a more favorable bone response with piezosurgery.  

Bone chip collection. Bone chips play the role of a site holder in directed bone 

regeneration (osteoconductor), and also maintain the presence of growth factors in the recipient 

area, thereby accelerating bone healing. Autogenous chips can be easily removed from the drill 

when forming the implant bed, but such chips resorb very quickly. Autogenous bone chips can 

also be obtained either by grinding bone blocks taken from intra- or extra-oral sites or by using 

special devices for chip collection.  

For the effective action of bone chips, both the particle size and the viability of its 

cellular composition are of great importance. Springer et al. (2006) indicate a strong effect of 

chip collection on cell viability. Danckwardt Lilliestrom et al. (1970), Ercoli et al. (2004) 

demonstrated the harmful effects of conventional metal cutters and chips taken away, caused 

by bone overheating and soft tissue damage. Moreover, Hobkirk and Rusiniak (1978) showed 



contamination of bone tissue with metal, which in turn could lead to structural changes in the 

bone and toxic effects on cell viability. That is why one of the techniques that can help to 

overcome these shortcomings may be piezosurgery. A number of authors (S. Sivolella et al., 

2006; G. Chiriac et al., 2005) demonstrated the possibility of using piezosurgical technique for 

bone chip harvesting.  

Bone blocks harvesting. Traditionally, various surgical burs or oscillating saws are used 

for bone blocks harvesting. These surgical instruments are very effective, but their use can be 

accompanied by complications from soft tissues – mechanical or thermal injuries during 

osteotomy. In addition, the saws cause loud noise and the effect of microvibrations, which 

negatively affects the patient with local anesthesia. Compared to the operation of oscillating 

microsaws, the range of motion of the working part of the piezosurgical device is much 

narrower, resulting in a more precise incision and less discomfort for the patient. The use of 

traditional microneedles requires the application of strong pressure, while the technique of 

piezosurgery involves the action of low pressure, which provides high-precision cuts.  

During osteotomy, when bone blocks are taken, the donor site remains almost 

bloodless. The reason for this phenomenon is the effect of cavitation, which is achieved by the 

spread of coolant, as well as the special vibration generated by the instrument.  

When using a microsaw, blood moves in and out of the osteotomy zone, which 

significantly impairs the visualization of the working field. Thus, the technique of 

piezosurgery, if properly applied, provides less damage to bone tissue at the structural and 

cellular levels compared to other methods. The use of the method of piezosurgery facilitates, 

in particular, the collection of bone blocks from the linea oblique. The low working amplitude 

of the instrument and safety in working with soft tissues allows to create less access to the 

sampling area. According to D. Sohn et al. (2007), the use of the piezosurgical method due to 

the presence of angular tips provides easier access when working in the distal parts of the oral 

cavity, which is much more difficult when working with direct surgical cutters. 

In the study of A. Happe (2007) presented the results of using the piezosurgical method 

for bone blocks harvesting from the mandibular branch. Uncomplicated bone healing was 

found in 42 of 45 donor sites (93.33%), as well as in 50 of 52 augmented sites (96.15%). 

C. Landes et al. (2008) demonstrated a comparison of piezosurgical and traditional techniques 

of extracorporeal blocks harvesting from the iliac crest. It is characteristic that in the first group, 

where the piezosurgical method was used, the pain of patients in the first two days after surgery 

was weaker. In addition, the duration of hospitalization was shorter. In this group, a correlation 

between the level of pain and the volume of the transplant was also found. This suggests that 



pain during the use of piezosurgical technique is more associated with damage to hard tissues 

rather than soft ones.  

Splitting of the alveolar ridge. One of the methods of surgical preparation of the 

alveolar ridge for dental implants is its splitting, which is indicated in cases of sufficient height 

and insufficient width of the ridge. Splitting aims to create an area for the implant by means of 

a longitudinal osteotomy of the alveolar ridge.  

The vestibular cortical plate is displaced laterally, accompanied by a "green branch" 

type fracture, and the space between the vestibular and oral cortical plates is filled with 

autologous or alloplastic materials.  

T. Vercelloti (2000), who first proposed the piezosurgery technique for ridge splitting, 

pointed out the ease, precision and atraumatic nature of the osteotomy. G. Enislidis et al. 

(2006), who proposed a staged approach to ridge splitting, successfully used the technique of 

piezosurgery to perform the first stage – corticotomy (cuts along the top of the ridge and 

vertically – mesially and distally).  

According to the authors, piezosurgery allowed to provide a clear control of the depth 

of corticotomy. 

Subantral augmentation. The close location of the maxillary sinus floor often becomes 

an obstacle to the placement of dental implants in the distal parts of the maxilla. That is why 

the subantral augmentation technique has become widespread over the past ten years, which is 

used to increase the volume of bone tissue in these areas to create conditions for further 

implantation. One of the complications of the subantral augmentation technique is the 

perforation of Schneider's membrane, which can occur during the formation of the bone 

window or in the process of actually lifting the membrane. The risk of perforation is especially 

high in cases of recent closure of the connection between the maxillary sinus and the oral 

cavity, the presence of a septum, as well as a number of other reasons.   

With the piezosurgery technique, the risk of perforation can be reduced. Selective 

cutting ability of the device practically makes it impossible to perforate Schneider's membrane 

during the formation of the bone window.  

The combination of hand instruments and piezosurgical technique is also effective both 

at the stage of bone window formation and when lifting the membrane. However, the issue of 

reducing the risk of perforation of Schneider's membrane remains unresolved. Thus, in the 

study by Barone et al. (2008), the number of perforations was higher when using the 

piezosurgical method compared to the use of a spherical diamond cutter, although the 

difference was statistically insignificant.  



Preparation of the implant bed. One of the promising areas of application of 

piezosurgery is the formation of the implant bed. In a pilot study on guinea pigs, 

osseointegration of porous implants placed in the traditional way and using piezosurgical 

technique was compared.  

The results of the study showed more active processes of osteogenesis in the bone tissue 

prepared by the piezosurgical method. In addition, an earlier increase in the content of proteins 

BMP-4 and TGF-beta 2, as well as a decrease in the level of anti-inflammatory cytokines was 

found in bone tissue. This indicates more favorable processes of early bone healing when using 

piezosurgical technique for preparation of the implant bed. 

Other areas of application. A. Gonzalez-Garcia et al. (2007), I. Menini et al. (2008) 

showed the possibility of using piezosurgical technique for distraction osteogenesis. S. 

Sivolella et al. (2007), Ugryn M.M., Solonko M.Y. (2009) demonstrated the successful 

application of the piezosurgical method for implant removal. The authors point out the 

effectiveness and precision of the applied method, which allows to obtain the thinnest 

osteotomy lines. This, in turn, ensures maximum preservation of the bone tissue of the alveolar 

ridge with the possibility of further placing of root-shaped intraosseous implants. In addition 

to dental implantation, the technique of piezosurgery is used in other areas of dentistry and 

maxillofacial surgery. V. Grenga and M. Bovi (2004) note that the piezosurgical method is 

especially effective for the extraction of retained teeth localized on the palatal side. It is in such 

situations that the precision of surgical cuts is very important, due to the proximity of the canine 

to the roots or crowns of the central or lateral incisors. Traditional milling cutters are not able 

to differentiate between bone tissue, tooth root cement and enamel with different degrees of 

mineralization and hardness. Instead, the work with piezosurgical technique allows to 

distinguish these structures in the process of work and prevent their damage. T. Vercelloti, 

A. Podesta (2007) proposed to use piezosurgical technique to facilitate and accelerate the 

orthodontic movement of teeth.  

In the study on eight patients the technique of combined monocortical tooth 

displacement and ligamentous distraction was applied. Thus, vertical and horizontal 

microsurgical corticotomy was performed on the surface of the tooth root, facing in the 

direction of the desired movement, with a piezosurgical microsaw. This allowed to eliminate 

resistance from the cortical bone. On the root surface opposite to the direction of movement, 

orthodontic forces caused rapid distraction of periodontal fibers. Thanks to this approach, the 

treatment time was reduced compared to the traditional orthodontic treatment technique by 

60% and 70% in the lower and upper jaws, respectively. Nowadays, the use of piezoelectric 



method in bone surgery makes it possible to overcome a number of limitations inherent in 

traditional rotary instruments and to ensure atraumatic bone tissue preparation with higher 

safety for surrounding soft tissues. In recent years, there has been an increase in the number of 

publications in professional journals on the technique of piezosurgery and the expansion of its 

application in dentistry.  

Let us pay more attention to the methods of piezosurgery, according to which the 

systems "Intralift" ("Piezotome") and "Variosurg" (NSK) operate. The company "Piezotome" 

offers to use the system of tips "Intralift", which contains a number of instruments: TKW 1 – 

conical instrument (diameter 1.35) with diamond coating for pilot preparation. It is used for 

preparing to the bottom of the maxillary sinus; TKW 2 – cylindrical instrument (diameter 2.1) 

with diamond coating, designed for preliminary preparation No. 1 and expanding access to the 

canal to the Schneider membrane; TKW 3 – cylindrical instrument (diameter 2.35) with 

diamond coating, designed for preliminary preparation No. 2 and expanding access to the canal 

to the Schneider membrane; TKW 4 – a cylindrical instrument (diameter 2.80) with a diamond 

coating, designed for final preparation and widening the access to the canal to the Schneider 

membrane; TKW 5 – an instrument with a blunt tip that delivers sterile spray exactly to the 

end. It is used to lift the Schneider membrane by microcavitation. The lifting of the membrane 

corresponds to the jet speed. The vibrating TKW 5 must never come into contact with the 

membrane.  

Surgical procedure of closed sinus lift with implant placement  

1. Stage of anesthesia.  

2. Incision and elevation of the muco-periosteal flap of the required size.  

3. Pilot formation of the bone placement area for the implant with the TKW 1 tip.  

4. Preliminary formation of the bone placement area with the TKW 2 tip.  

5. Preliminary formation of the bed with the tip TKW 3.  

6. Formation of the bone placement area with the tip TKW 4.  

7. Hydropreparation with the TKW 5 handpiece. 

8. Implant selection.  

9. Implantation of the implant.  

10. Suturing of the mucoperiosteal flap.  

If there is no need for augmentation and there is sufficient bone mass, mucotomy 

(flapless implantation technique) is recommended. The plug is placed in sterile NaCl, placed 

in place and sutured after surgery.  



According to the protocol, it is recommended to perform a preliminary osteotomy with 

a pilot cutter (if the residual bone height is more than 3 mm, it is recommended to perform a 

pilot drilling and stop at a distance of 2 mm from the bottom of the sinus; if the height is less 

than 2 mm, you can go directly to the formation of the access with the TKW 1 tip). 

The technique of using a piezotome allows surgeons to safely prepare the bone 

placement area without the risk of damage to the Schneider's membrane (when using rotating 

instruments, this risk cannot be excluded). Despite the fact that ultrasonic handpieces do not 

cut soft tissue, in case of excessive pressure on the handpieces, iatrogenic perforation can still 

occur.  

Therefore, radiological control is recommended to determine the residual bone height. 

Irrigation should be set to the 1st mode, 80 ml/min (the highest mode, depending on the bone 

volume). After reaching the Schneider's membrane with the TKW 1 tip, the TKW 2 and TKW 

3, which have a larger diameter, are used to widen the osteotomy for the TKW 4 (also called 

"funnel"). This is the most important step and the most important instrument. Under the action 

of piezoelectric influence and hydrodynamic cavitation, the Schneider membrane quickly rises 

from the bottom of the sinus. The "funnel" is used at levels 2 or 3, while the irrigation level 

increases (from 40 ml/min) – direct contact with the Schneider membrane should be avoided. 

Perforation can be almost completely avoided; even if the diameter does not exceed 2.8 mm, it 

is possible, as recommended in the protocol, to close it with a collagen sponge or resorbable 

membrane; even in the absence of perforation – as a buffer before the procedure of filling with 

alloplastic or autogenous augmentation materials. This "funnel" is used as a corkscrew for 

filling, through the osteotomy of the subantral space, with bone plastic material.  

For homogeneous placement of bone grafting material, the TKW 4 tip is used (mode 4, 

irrigation 40-50 ml/min, with pauses of 3 s). Provided that sufficient primary stability (+ 20 

Ncm) is ensured, the implant can be placed. Perforated gums are sutured (suture material 5/0 

or 6/0).  

After applying this technique, the formation of trabecular bone tissue (98%) was 

observed after 6 weeks, and patients did not use analgesics (4).  

A number of surgical methods have been proposed to improve the condition of the 

foundation area in the treatment of patients with severe atrophy of the lower jaw. In clinical 

practice, operations are used to eliminate anatomical formations that interfere with the fixation 

of removable dentures: removal of sharp bone protrusions, movable mucous membrane; plastic 

surgery of the frenum of the lips and tongue, excision of the mucous membrane cords in the 

area of the foundation area. Perform operations aimed at expanding the area of the foundation 



area and creating conditions for the fixation of complete removable dentures: vestibulo- and 

sulcoplasty, "visor" and "sandwich" osteotomy, reconstruction of the alveolar processes of the 

jaws using auto-, alloplastic, xenogenic materials, as well as various options for combining 

these techniques.  

Operations aimed at expanding the area of the foundation area can provide satisfactory 

retention of complete removable dentures only for a short time (3-5 years), but do not solve the 

problem of full rehabilitation of patients. Due to a large number of contraindications to surgical 

methods of increasing the size of the alveolar bone, high probability of complications (changes 

in the profile of the lower third of the face, impaired sensitivity of the chin and lower lip, pain 

in the area of the grafts, their resorption), unsatisfactory results in the long term due to 

accelerated bone atrophy, many of them have not found wide clinical application in 

implantology or in removable prosthetics. However, most methods are not widely used due to 

insufficient effectiveness, difficulties in patients' habituation, harmful effects on the foundation 

area, and the problem of fixing the prosthesis on the edentulous mandible has not yet been 

solved.  

Let us focus on some methods of surgical correction. 

Alveolotomy. Depending on the clinical situation, a trapezoidal muco-osseous flap is 

elevated, the sharp edge of the alveolus is removed with bone cutters and smoothed with a bone 

tray. The flap is returned to its place and sutured tightly. 

Removal of exostosis. The process of the operation, identical to the above intervention, 

is complicated by difficult access, since in most cases bone protrusions from the lingual side 

of the lower jaw body are removed in its anterior part. Due to the increased density of such 

formations, it is better not to try to remove them with wire cutters, but to form perforations 

with boron in several places and knock them down with a bit. 

Elimination of frenulum and lateral frenulae. With the "settling" of the alveolar ridge 

as a result of atrophy due to tooth loss, the natural frenulae of the movable mucous membrane 

are close to the top of the alveolar ridge. If this distance is less than 3 mm, it is necessary to 

remove or move the frenula. The easiest way to remove the frenum of the tongue is to open it 

transversely, followed by mobilization of the wound edges and suturing in the vertical 

direction. 

Vestibuloplastics. The simplest method is as follows: perform an incision to the bone 

along the transitional fold, bluntly exfoliate the tissue from the jaw body to the desired depth, 

and fill the resulting slit-shaped wound with an iodine tampon. The tampon is periodically 

changed until the wound is completely epithelialized.  



 

6.5. General principles in dental implantation 
 

Operations of immediate, delayed and remote implantation can be performed by one- 

and two-stage protocol.  

Let`s discuss the two implantation techniques: one-stage (open) and two-stage (closed).  

The two-stage technique is considered the most common, because it can be used in any 

clinical situation. For local anesthesia of the surgical intervention, anesthetics of the articaine 

series (ultracaine, septonest, ubistezin, etc.) are used. In the case of implant placement on the 

lower jaw in the complete absence of teeth, the mucous membrane and periosteum are dissected 

along the crest of the alveolar ridge and vertically along the frenum of the lips or in the area of 

the vestibule with the transition to the crest of the alveolar ridge to the level of the mental 

foramen. 

Muco-periosteal flaps are elevated in such a way that the places where the inferior 

alveolar nerve exits from the mental foramen are visible. After that, under visual control of the 

nerve exit site, the bone placement area is dissected medially and as far as possible from the 

mental foramen. Then the guide canal is expanded with a drill whose diameter does not exceed 

3-3.5 mm. If the diameter of the intraosseous part of the implant is more than 3.5 mm, it is 

additionally prepared with a drill of the appropriate size. To avoid overheating of the bone 

tissue, 0.9% saline solution is used at the tip speed from 650 to 800 rpm. 

The implant is placed in the formed bed, which is the first landmark to determine the 

site for the introduction of other implants. 

The surgical wound after the incision is closed along the crest of the alveolar ridge 

according to the following scheme: an adaptation suture is applied at the junction of the 

horizontal and vertical edges of the flaps, then the wound is sutured with knot or mattress 

sutures. 

If the incision was made in the area of the antero-posterior part of the oral cavity, at 

least 3 vertical mattress sutures are first applied (one in the center and two in the area of the 

projection of the missing canines). Other areas of the postoperative wound are sutured with 

knot sutures.  

One of the main requirements for the preparation of the bone placement area of the 

implant is to preserve the maximum volume of bone tissue into which the implant will be 

implanted (there should be at least 1.5 mm of bone tissue around the implant on all sides). 



When the crest of the alveolar ridge is very narrow, they try to insert the implant slightly 

lingually or vestibularly.  

It is necessary that the immersed implant is at the level or 0.5 mm below the bone 

surface.  

After the implant is placed, it is necessary to make sure that it is stable and check 

whether the primary fixation is achieved. When tapping on the implant, a metallic sound should 

be heard (Branemark test). The muco-periosteal flap is returned to its place, the wound is 

sutured with shallow knot sutures with polyamide thread. 

The second stage of surgery is performed in 2-3 months after the placing of the 

intraosseous element on the lower jaw and 4-5 months on the upper jaw. Under infiltration 

anesthesia, the mucous membrane of the implant, which contains the intraosseous element, is 

cut. Then, elevating the mucous membrane, the location of the implant is determined visually. 

The mucous membrane above the intraosseous element is cut out with a perforator and this 

area is removed. Unscrew the cap and wash the internal threaded element of the implant. The 

gingival cuff shaper is screwed in, which is replaced with a abutment at the prosthetic stage of 

treatment. The wound is sutured with knot sutures. After 2-3 weeks, the healing abutment is 

removed and the suprastructure is made according to the prosthetic protocol. 

According to the one-stage technique, the module, to which the head (collapsible 

structures) will be fixed later, protrudes into the oral cavity. The possibility of placing a 

temporary structure immediately after the operation allows to shorten the treatment period, as 

well as to reduce the patient's discomfort. For one-stage implantation, the primary stability of 

the implant is of great importance. 

  



SECTION 7. PROSTHETIC PROTOCOLS OF IMPLANT-SUPPORTED 

DENTURES 
 

7.1. Main types of prosthetics on implants 
 

An important difference between implants and teeth, which must be taken into account 

in prosthetic treatment, is the lack of physiological mobility of the osseointegrated implant. 

The physiological mobility of teeth is about 100 microns. 

The periodontium of the tooth absorbs the chewing pressure and partially redistributes 

it to the walls of the socket in all directions, to the molar teeth and to the body of the jaw. 

Endoosseous implant implanted in the bone of the alveolar ridge is a foreign body, but due to 

the bioinertness of titanium, from which the implants are made, there is no rejection reaction. 

The implant is overgrown with bone, functional ankylosis is formed. Chewing pressure 

from the implant is transmitted directly to the surrounding bone, without cushioning by 

periodontal fibers. An osseointegrated implant has no physiological mobility.  

However, it can function successfully on its own or in conjunction with other implants. 

However, if the implant serves as one of the supports of a bridge, and the other support is a 

tooth, a situation unfavorable for the implant arises. 

Implant overload leads to disruption of the osseointegrative bond, development of peri-

implantitis and implant loss.  

When planning dental treatment, it is necessary to take into account features of 

adaptation and compensatory reactions of elderly patient’s age. The criteria for choosing a 

denture are the durability of the structure, the possibility of repair, affordability, creation of 

optimal conditions for oral hygiene and adaptation to prostheses. Dental rehabilitation of 

patients with complete absence of teeth should include a motivated attitude to prosthetics using 

implants. 

The stability of prostheses on edentulous jaws is the main condition for the 

effectiveness of prosthetic treatment. The problem of improving the fixation of complete 

removable dentures in case of severe atrophy of the alveolar bone is solved by special pre- 

prosthetic preparation, as well as by improving the prosthesis itself. 

The achievements of dental science, the emergence of the latest technologies in our 

time allow us to approach the problem of rehabilitation of patients with removable and fixed 

prostheses based on dental implants at a qualitatively new level. Removable prostheses on 

implants are divided into two groups: fixed on separate implants with ball abutments or on a 



beam connecting the implants. Increased interest in this treatment method is due to the variety 

of clinical situations, characteristics of the foundation area, the development of new 

technologies for the design of prostheses; an increase in the number of patients satisfied with 

the stabilization and retention of prostheses thanks to implants. 

The application of any of the above-mentioned types of prosthetics involves the 

following measures 

- drawing up a calculated prosthetic scheme; 

- obtaining accurate impressions, determination of the mesiodistal relationship, 

determination of the spatial orientation of the upper jaw with the face bow; 

- fabrication of a working dental model, plastering of models in an articulator; 

- selection and placing of prosthetic components of implants (abutments) on the model 

and their transfer to the oral cavity; 

- fabrication of a denture according to the calculated scheme; 

- fixation of the prosthesis; 

- control and correction of occlusion and articulation; 

- teaching the patient how to care for the prosthesis and perform hygiene procedures; 

- occlusion control during the period of adaptation to the prosthesis; 

- long-term control over the functioning of prostheses on implants; 

- professional oral hygiene every six months. 

With the use of implants, it is possible to perform various types of prosthetics, which 

according to the principle of fixation are divided into fixed, conditionally removable, combined 

and removable dental prosthetics. 

Depending on the materials used, implant-supported dentures can be metal-ceramic, 

all-ceramic, all-cast, metal-acrylic and acrylic (removable dentures). 

One of the primary issues of treatment planning in case of complete edentulousness is 

the means of prosthetics. When should implantation be performed to fix removable prostheses? 

When should fixed prosthetics with cement fixation be performed, and when – conditionally 

removable prosthetics?  

To choose the method of prosthetics in case of complete jaw adentia, you need to focus 

on the following criteria 

- anatomical and topographical conditions (availability of space for the fixation system 

in the prosthesis, features of antagonists); 

- length and diameter of implants; 

- healing period; 



- patient's desire for rigidity of fixation and mobility of the prosthesis; 

- degree of risk and favorable prognosis. 

The placement of implants for fixation of dentures is determined by the peculiarities of 

anatomical conditions after complete tooth loss. The intermental space is important for the 

lower jaw. In this area, you can place from two to four implants to support a full denture. For 

the placement of two implants, lock, bar, magnetic and telescopic fixation systems can be used. 

For the placement of four implants, beam or locking fixation systems are appropriate. 

The lowest risk is provided by the placing of two and four implants with beam and 

locking systems. 

The highest risk is with the placing of three implants, due to the high biomechanical 

risk. 

On the upper jaw, it is advisable to place implants for fixation of covering prostheses 

in the frontal area (between the sphenoidal buttresses). The most rational for their placing is 

the area of lost canines and central incisors. It is best to place four implants connected by a 

beam.  

 

7.2. Methods of taking impressions for implant treatment 
 

The following methods of taking impressions from the implant are used: conventional 

impression, closed tray impression, open tray impression. 

All types of impressions require transfers, which allow to accurately transfer the clinical 

situation in the oral cavity to the plaster model. There are two types of transfers according to 

the method of connection implant – abutment: 

- transfer, which is screwed and connected to the implant like a screw; used in the closed 

tray method; 

- transfer, which is closed and connected to the implant like a lock; used in the closed 

and open tray method.  

 Depending on what they are connected to, transfers are divided into two types: 

- transfer for the implant, which is attached directly to the implant, and a laboratory 

analogue of the implant is required (Fig. 7.1, 7.2). 

- transfer for the abutment is attached to the abutment, which is already connected to 

the implant, and a laboratory analogue of the abutment is required (Fig. 7.3). 

 



 

Fig. 7.1. Impression transfer for an open tray 

 

 

Fig. 7.2. Impression transfer for a closed tray 

 

 

Fig. 7.3. Impression cap 

 

A conventional impression is taken from the abutments and used for cemented denture 

structures and in some cases for removable dentures. The dentist or dental technician selects 



ready-made infrastructures that are screwed onto the implants, takes an impression of them, 

and then casts the model in plaster. This impression does not give information about the 

position of the implant itself.  

The impression using the closed tray method allows you to more accurately "transfer" 

the location of the implants from the oral cavity to the model. This method consists of several 

stages:  

- unscrew the healing abutment and attach the transfer to the implant or abutment; 

- the outer opening of the transfer is blocked with wax to avoid getting the impression 

mass into it;  

- the impression is obtained in a way called "sandwich" (two-layer impression); both 

layers of the impression mass (inner with low viscosity and outer with high viscosity) are 

introduced into the oral cavity simultaneously;  

- the impression is removed from the oral cavity; 

- remove the transfer from the implant or abutment; 

- attach a laboratory analogue to the transfer – a part that imitates the intraosseous part 

of the implant; 

- transfer + analogue is precisely inserted into the hole in the impression; 

- the impression is given to the dental technician; 

- the dental technician creates an imitation of the gums with elastic plastic in the area 

of implants, casts the model from plaster; 

- the dental technician separates the transfer from the laboratory analogue of the 

implant, which is contained in the plaster (the analogue is inside the model, and around it is an 

imitation of the gums). 

The impression using the open tray method covers the following steps Fig. 7.4.-7.5.: 

- unscrew the healing abutment and screw in the transfer with a long screw; 

- create holes in the impression tray above where the implants are placed to allow the 

long screw to protrude from the tray while it is placed in the oral cavity;  

- take an impression using the "sandwich" method or use a single material; 

- unscrew the long screw while the impression is in the oral cavity; 

- remove from the oral cavity with the transfer inside the impression; 

- attach the laboratory analogue to the transfer with a long screw through a tray; 

- the impression is transferred to the dental technician; 

- the dental technician creates an imitation of the gums in the area of implants, fills the 

impression with plaster;  



- the dental technician unscrews a long screw and separates the impression from the 

plaster model, which contains the analogue; the transfer remains inside the impression, which 

is returned to the dentist.  

In any method, an impression is also taken from the opposite jaw and the centric relation 

is determined, as in conventional prosthetics. 

 

7.3. Clinical and laboratory stages of fabrication of fixed prosthetic structures 
 

Modern implant-supported prosthetic treatment involves the manufacture of one-piece 

fixed structures, which can be lined with dental porcelain (ceramics) or plastic (composites). 

Therefore, the clinical and laboratory stages are in many ways similar to the manufacture of 

such structures for natural teeth. 

The simplest designs of one-stage implants are non-separable, and the implant heads 

are prepared in the oral cavity, if necessary, like human teeth, and the subsequent stages of 

prosthetics (two-layer impressions, etc.) are almost similar to the clinical and laboratory stages 

of fabrication conventional one-piece or metal-ceramic (metal-plastic) structures. 

Endosseous dental implants, especially two-stage implants, usually have a complex 

design and consist of several parts connected by threads. This ensures the possibility of 

connecting the intraosseous part of the implant of optimal length and diameter and the head 

(stump part) of the implant of optimal length, diameter and taper, and in some implants – and 

the choice of the optimal head material with the length of the implant neck equal to the 

thickness of the mucous membrane.  

Components are selected when planning implant treatment or prosthetics. Working 

with a collapsible model allows the dental technician to select and mill the abutment (implant 

head) in full accordance with the clinical situation, creating optimal conditions for further 

modeling and fitting of the covering structure, which ultimately ensures a more accurate 

marginal fit of the crown than with prosthetics based on natural teeth. 

Fabrication of a fixed prosthesis includes clinical and laboratory stages that alternate 

with each other. 

Clinical and laboratory stages of fabrication a fixed prosthesis supported by implants.  

Clinical stages. Obtaining preliminary (anatomical) impressions from both jaws 

and models.  Making of a custom (custom) tray for obtaining a working impression. Fitting 

the tray, obtaining a working (functional) impression, determining the central occlusion. 



Obtaining a working model, fixing the models in the articulator. Selection and milling 

of abutments. Modeling of the prosthesis frame. Casting, processing of the frame, fitting the 

frame on the model. Fitting the frame in the clinic, choosing the color of the lining. Application 

of lining. Fitting the prosthesis in the clinic. 

The dentist receives an anatomical (preliminary) impression with alginate material. 

According to the impression, a plaster model is cast, on which the boundaries of the custom 

tray are outlined, then a plastic tray is made. Depending on the type of impression analogue 

(transfer) used further, the technician maintains an adequate gap in the implant projection. 

Stages of making a custom tray: a – preliminary impression; b – model cast from it; c 

– custom tray (for "open tray" impression). 

On the day of receiving the working impression, the prosthodontist removes the healing 

abutment and fixes the impression transfers in the implants. In the "closed tray" impression, 

the impression transfer looks like a medium-height abutment, it is fixed in the implant with a 

screw and a plastic impression cap is tightly closed on it. Then the dentist takes an impression 

with a monophase impression material. 

The optimal materials suitable for functional impressions in implant treatment are 

polyester materials, for example, "Impregum" by ESPE, but silicone impression materials can 

also be used – "Monopren Transfer" by Kettenbach, "Honigum Mono" by DMG, etc. 

With adequate consistency of the material, a "closed tray" impression can also be 

obtained with a stock tray (without making a custom one), thereby skipping one laboratory 

stage, but the use of a custom tray allows you to get higher quality impressions and save 

impression material. 

The resulting impression is transferred to the dental laboratory, where the dental 

technician fixes the laboratory analogues of implants to the transfers and casts a working 

model. It is generally recognized the need to produce "artificial gums" on the model when 

prosthetics with fixed prostheses on implants. 

The "closed tray" technique is justified when replacing small defects of the dentition 

with single implants. In the manufacture of long bridges to improve the quality of the 

impression, to prevent the displacement of impression analogues, the "open tray" technique is 

used. In this case, the impression analogues are higher, protrude above the dentition and are 

fixed in the implants with long screws. The tray is perforated in the projection of the analogues 

so that they protrude into the hole. For higher accuracy, the dentist splints the impression 

analogues with self-hardening plastic before the impression. 

  



 

Fig. 7.4. Fixed impression transfers in the oral cavity 

 

After the material hardens, the dentist unscrews the screws fixing the impression 

analogues and removes the impression. In the laboratory, the dental technician fixes laboratory 

analogues of implants to the impression transfers and casts a model with artificial gums. At the 

same visit, the dentist receives an auxiliary impression of the antagonists and determines the 

central jaw relationship using silicone retainers or a wax base with occlusal rims.  

 

 

Fig. 7.5. Oriented impression by the "open tray" technique 

  



In the dental laboratory, the technician casts the models, fixes them in the articulator, 

selects the abutments and, if necessary, mills them. Then the abutments are fixed on the model, 

the frame of the one-piece prosthesis is modeled and transferred for casting. The technician fits 

the cast frame on the model and transfers it to the clinic for fitting. 

After checking the accuracy of the fit of the frame to all implant heads and the 

correctness of the restoration of occlusal relationships on the metal occlusal surfaces, the 

dentist re-registers the central relation of the jaws (with frames on implants), determines the 

color of the facing material and the anatomical shape of the reconstructive prosthesis, and then 

returns the models with frames and all working records to the laboratory. 

The dental technician processes the frame and models the veneer according to the type 

of veneer material, the ratio of the dentition and the dentist's instructions. The finished 

prosthesis is fitted in the oral cavity, paying special attention to the accuracy of its fit to the 

implant heads and occlusal relationships in all phases of articulation. If the prosthesis meets all 

the requirements, it is fixed with cement (Fig. 7.6-7.7). 

 

 

Fig.7.6. Fixation of abutments in the oral cavity 

 



 

Fig. 7.7. Cement fixation of a bridge-like metal-ceramic structure in the oral cavity 

 

Many authors recommend using only cements for temporary fixation of implant-

supported dentures, motivating this by the possibility to remove the prosthesis if necessary to 

repair or replace the defective part of the implant. Another option for the manufacture of fixed 

prostheses is a method that is used mainly for the manufacture of metal-plastic prostheses. 

After obtaining collapsible combined models (with implant analogues), the technician models 

the prosthesis frame in the form of a beam with retention elements, while maintaining the 

interocclusal gap between the prosthesis body and antagonists. 

After fitting in the oral cavity, having received instructions from the dentist about the 

size, shape and color of the artificial teeth, the technician places standard plastic teeth from the 

appropriate sets on the beam in accordance with the occlusal ratios and models the base of the 

prosthesis from wax. The gingival areas are modeled in the form of artificial gums ("gingival 

mask"). The design is transferred to the clinic, where the dentist checks the correctness of 

occlusal contacts and agrees with the patient the details of the restoration of aesthetic standards. 

 

7.4. Clinical and laboratory stages of fabrication of conditionally removable implant-

supported dentures 
 

Conditionally removable dentures are called supraconstructions that are fixed to the 

implant abutments by means of threaded connections (screws).  



Thus, in the design of the implant and prosthesis there are at least two threaded 

connections – between the implant and the abutment and between the prosthetic structure and 

the implant abutment. In the designs of custom companies, a more complex implant structure 

is possible. The prosthesis is fixed to the implant abutments with screws, and the holes above 

them are closed with filling materials. 

Impressions for conditionally removable prosthetics are obtained only with a custom 

tray in an open way, with guide screws-transfers Fig. 7.8. – 7.9. 

After unscrewing the screws and removing the tray from the oral cavity, the laboratory 

analogues are fixed with the same screws and a working model is cast. On it, the technician 

models the prosthesis frame.  

Threads for connecting the prosthesis body with the implant abutments can be created 

with a screw in a wax blank or using technical caps. Caps can be fired, made of ashless plastic 

or metal. Fired caps serve as the basis for the modeled framework and are replaced with metal 

during casting. 

Having modeled the frame, the technician transfers it to the casting, the cast frame fits 

on the model and transfers it to the clinic. The fitted frame is lined with plastic or ceramic and 

returned to the clinic.  

The finished prosthesis is fitted on the implant abutments and fixed with screws, after 

which the screw holes are closed with filling materials. If it is necessary to remove the 

prosthesis for hygienic manipulations or repairing a defective implant part, the dentist removes 

the filling material and gets access to the fixation screws (Fig. 7.9-7.10.)  

 



 

Fig. 7.8 Fitting a custom tray in the oral cavity 

 

 

Fig. 7.8. Impression with transfers 

 



 

Fig. 7.9 Metal-ceramic structures with screw fixation on the model 

 

 

Fig. 7.10. Metal-ceramic structures with screw fixation in the oral cavity 

 

7.5. Protocols of fabrication removable structures on implants  
 

The concept of removable dentures that cover the implant has been developing for many 

years. A large number of papers have been published on the use of subperiosteal, cylindrical 

and screw implants for this purpose. Babbush W. et al. in 1986, after a comprehensive study 



and observations, published a report on 1739 implants located in the intermental area, 

connected by beams, fixing complete removable dentures. A positive result was found in 94% 

of patients. Engquist et al. (1988) also reported osseointegration of 93 % of implants retaining 

complete dentures in the mandible. McRicke-Stern et al. (1994) described 95% 

osseointegration of implants connected by a two-unit beam that supported removable 

overdentures. According to Jemt et al. (1996), after 5 years, the positive results of implantation 

on the lower jaw were 94.5%, and prosthetic treatment with removable prostheses based on 

them – 100%. 

Let us atop on each method of removable dentures on implants. The main protocols: 

1. prosthetic constructions on ball locking elements (bolt-attachments); 

2. prosthetic constructions with screw fixation using a beam; 

3. prosthetic constructions on telescopic elements. 

The most commonly used attachments are beam, telescopic and spherical types, and 

sometimes magnetic connections. The main feature of modern atachments is the presence of 

two congruent elements: matrix and punch. The punch is a part of the fixation element that is 

placed in the oral cavity and attached to the implant. The shape of the punch depends on the 

type of abutment, it can be cylindrical, rack or spherical. The matrix is a part of the abutment 

that is placed inside the removable denture. The shape of the matrix fully corresponds to the 

shape of the punch, and the fixation element is achieved by tight frictional contact of the plastic 

elastic matrix with the surface of the metal punch. By choosing the degree of elasticity of the 

matrix, you can change the fixation force of the attachment, that is, the degree of fixation of 

the prosthesis. Most often, the frictional effect is complemented by the effect of the button, 

which makes the fixation of the prosthesis more reliable. 

In addition to common elements, each system has its own characteristics.  

Removable denture on spherical abutments  

The support of a removable denture with fixation on spherical (ball or bolt abutments) 

abutments is soft tissue. The following issues should be considered before using spherical 

anchors: 

1. What is the area of use of spherical abutments? 

2.  Is there a limit (maximum, minimum) to the number of abutments per jaw? 

3. Is there an ideal position for spherical abutments? 

4. In what cases is the use of spherical abutments justified? 

The spherical attachment set includes a metal cap and internal nylon tabs of different 

stiffness.  



Due to the geometric shape, spherical abutments have several degrees of freedom. The 

matrix on the spherical head can tilt in any direction and rotate around its axis. They do not 

resist lateral forces at all. This means that structures with two spherical abutments must 

necessarily rest on the mucous membrane. The connecting line between the implants forms the 

axis of rotation A. 

This option with combined support on implants and mucosa tissue is best suited for 

patients who have kept their teeth until the last moment. It is recommended to use it to stabilize 

the position of full dentures. It will be good if the opposite jaw also has a full denture. If the 

dentition of the opposite jaw contains natural teeth and fixed dentures, i.e., is sufficiently rigid, 

then due to the action of strong lateral loads from a functional point of view, such a combination 

is not very successful.  

The axis of rotation of the prosthesis should be perpendicular to the axis of symmetry 

of the jaw crest. Otherwise, due to asymmetric load distribution, excessive forces begin to act 

on the mucous membrane and the crest of the jaw. 

Indications for the use of spherical abutments 

1. Two implants – depending on their position. 

2. Favorable initial position and social decision. 

3. Stabilization of the position of complete dentures. 

4. Absence of rigid dentition of the opposite jaw. 

If there are more than 2 implants in the jaw, then, in addition to structures with 

combined support, it is possible to make a structure with support only on implants. The implant 

connection lines form a closed surface. This surface limits the zone of reliable support. The 

dorsal part is called the zone of unstable statics, or the reset zone. 

Clinical and laboratory stages of fabrication a removable denture on bolt-attachments 

In case of fabrication of removable dentures on ball abutments, there are two options 

for prosthetics: relining of the patient's existing denture and fabrication of a new one. 

1. Relining of the existing removable denture. Remove the healing abutments, disinfect 

the internal channels of the implants with an antiseptic, place the ball abutments in the implants 

with a force of 30 N / cm using a torque wrench. Insert nylon tabs into the metal caps and put 

them on the abutments. Make holes in the area of abutments in the removable denture with a 

cutter. Mix self-hardening pink plastic and fill these holes with it. Place the denture in the oral 

cavity and ask the patient to clench the teeth in the central occlusion position. After 

polymerization of the plastic (5-7 minutes), carefully remove the denture and transfer it to the 

laboratory for processing and polishing. 



2. Fabrication of a new removable denture with fixation on ball-attachments Fig. 7.11-

7.13. 

Clinical stage. According to the anatomical alginate impression (taken from the 

edentulous jaw without healing abutments), make a custom perforated tray in the laboratory 

according to the selected method. Using transfers, obtain a working silicone impression with 

this tray. Take an impression from the opposite jaw. 

Laboratory stage. Cast models from plaster with analogues of implants, make bite 

templates on a rigid base. 

Clinical stage. Determine the interalveolar distance and fix the centric relation of the 

jaws. Fix the spatial position of the upper jaw using the facial arch. 

Laboratory stage. Plaster the models of jaws with bite rollers in the articulator. The 

plane of connection of the wax templates should lie on the prosthetic plane, and the tip of the 

incisal point pointer should correspond to the medial angles of the lower central incisors. Place 

the selected bolts on the model and fix them with screws. Before starting the placing of teeth, 

it is necessary to analyze and mark the working model. First, the top of the alveolar ridge in 

the area of the canines and cusps on the upper jaw is set and marked, and then the points of the 

top of the alveolar part in the area of the canines and the middle of the retromolar triangle on 

the lower jaw. These points are connected by a line that is transferred to the base of the models 

on both sides. The landmarks on the base of the model facilitate the placement of teeth on the 

opaque base wax. In case of uniform atrophy, the teeth can be placed according to Vasiliev.  

The profile of the apex of the alveolar ridge and the alveolar part of the jaws in the 

sagittal direction is transferred to the base of the model using a compass. The deepest place is 

marked with a colored stroke – a landmark for the placement of the first molar.  

Teeth placement begins with the central incisors of the lower jaw, focusing on the tip 

of the incisal point pointer in the articulator. Then the pointer is removed. All lower incisors 

touch the occlusal plane with the cutting edge, which is simulated in the articulator with a 

rubber band. The tops of the canines rise slightly above the prosthetic plane. With its labial 

axes, the entire anterior group of teeth is placed vertically – parallel. 

The reference point when setting the anterior group of teeth of the upper jaw is the 

middle of the papilla inciziva. The distance from the labial surface of the incisors to the papilla 

inciziva is 8 + 1 mm, and in 90% of cases the labial surface of the canine is placed at a distance 

of 10 + 1 mm from the edge of the first major palatal fold. The tops of the canines lie on the 

same line passing through the papilla inciziva. The central incisors of the upper jaw are placed 

with some overlap of the lower ones, on average by 1 mm.  



The masticatory group of teeth begins to be placed from the lower jaw. The relief of 

the chewing surfaces of artificial teeth is formed so that when they come into contact, a three-

point contact is formed. 

After the stage of teeth placing, the wax structure of the prostheses is modeled, but it is 

necessary to take into account the possibility of volumetric shrinkage of the modeling material 

and after the end of the process – re-grinding of artificial teeth. 

Clinical stage. In the oral cavity, remove the healing abutments and try on the placing 

of teeth according to the classical method. 

Laboratory stage. Fabrication and processing of prostheses according to standard 

laboratory methods. 

Clinical stage. Ball abutments are fixed with a torque wrench and a hex screwdriver. 

The finished prosthesis is placed in the oral cavity and occlusion, aesthetics and phonetics are 

corrected. The patient is given instructions on the use of the prosthesis and custom oral hygiene.  

 

 

Fig. 7.11. Fixation of ball abutments in the oral cavity; 

 



 

Fig. 7.12. Appearance of a complete removable denture for the lower jaw 

 

 

Fig. 7.13. Removable denture on ball abutments in the oral cavity 

 

Removable denture with fixation using sn abutment for removable prosthetics  

The staff of the Department of Prosthodontics with Implantology of PSMU developed 

a new form of abutment with the help of mathematical modeling (Fig. 7.14). Increasing the 

contact surface of the abutment (patrix) with the surface that is filled with self-hardening elastic 

plastic in the supporting crown of the prosthesis base (matrix) provides a high degree of 



fixation, precision of fitting, sufficient durability of the structure, the possibility of clinical 

relining. 

 

 

 

Fig. 7.14 Shows the general view of the abutment for removable prosthetics, where : 

1 – cross section, bounded by four circles; 

2 – cavities for filling with self-hardening plastic; 

3 – cylindrical threaded connection. 

 

Clinical and laboratory stages of fabrication a removable denture. According to the 

obtained impression, a working model is made and then – a complete removable denture 

according to the traditional method. A characteristic feature is the presence of recesses in the 

prosthesis that correspond to the position of the patrix part. The recesses are larger than the 

abutment and provide mobility of the prosthesis in all directions. 

Prosthetic constructions with screw fixation using a beam 

Locking attachments provide higher functional and aesthetic effectiveness of treatment. 

Multivariant arrangement of implants and beams, a variety of ways of connecting denture bases 

to them create certain difficulties in choosing the optimal prosthetic design. A.M. Mirgazizov, 

R.O. Chuikin (2003) classified the arrangement of beams on implants and methods of fixation 

of prostheses: two-supported beam with a rider-type attachment; multi-supported beam on 3-4 

implants with a push-button attachment; multi-supported beam on 4-5 implants with cantilever 

extension and friction pins; multi-supported beam on 6 or more implants with rotary or plug 

locks. The first three options involve the placing of implants in the incisal, canine, premolar 

segments; the fourth – in the incisal, canine, premolar and molar segments. 



The use of a beam fixation system allows to achieve reliable stabilization of the 

prosthesis, but it increases the dislocation load on the implants. Labile attachments allow to 

reduce the load on the implant, which is important in case of its short length and the need to 

increase the support on the foundation area. In the case of two implants on the jaw, a beam 

with a rounded upper edge is recommended, which allows the prosthesis to perform articulated 

movements, which makes it impossible to dislocate the supports. The use of beams with a 

rectangular cross-section requires the use of at least four implants to be able to resist lateral 

action on the implant. The use of three or more implants, located not on the same line and 

united by a beam, strengthens the stabilization of the removable prosthesis, but completely 

stops the action of the unloading mechanism on these supports. In these cases, it becomes 

possible to use locks with firm fixation. Attachments placed on the beam can be solid, semi-

labile, labile, rail, beam, rotary, with a locking pin. The choice of locking fixation is dictated 

by the peculiarities of the clinical situation, the number and stability of implants.  

Before using a connected beam, the following issues should be considered: 

1. What is the area of use of the coupled beams? 

2. How many implants should be on one jaw? 

3. What parameters should be paid attention to? 

4. In what cases is the use of connected beams most appropriate?  

In this case, it is very important to correctly determine the axis of rotation, which should 

ensure an even distribution of the functional load on the mucous membrane. Otherwise, due to 

the asymmetric distribution of the load, excessive forces begin to act on the mucous membrane 

and the crest of the alveolar bone. 

When choosing the position of the beam, special attention should be paid to its position 

relative to the incisors. It is desirable that it is located exactly under them. In practice, this 

means that the beam is pushed as far forward as possible. The production of the diagnostic 

model Set-up greatly facilitates the choice of the optimal position of the beam. In addition, the 

anterior implants should be spaced as far apart as possible to ensure maximum retention 

strength. The general rule is that the greater the distance between implants, the stronger the 

retention.  

In the presence of four implants, the dorsal sections of the beam should be separated 

from the prosthesis base, which prevents the prosthesis from being placed on the beam under 

functional load. 

In addition, it is desirable that the dorsal implants are located as close as possible to the 

anterior implants. Ideally, implants should be placed in place of 3, 4 teeth.  



As with the use of spherical anchors, prostheses with a connected beam must 

necessarily rely not only on implants, but also on the tissues of the alveolar ridge, thus having 

a combined support. 

Indications for the use of a connected beam  

1. Minimum two, maximum four implants. 

2. Alternative to spherical anchors. 

3. Stabilization of complete removable dentures. 

4. Absence of rigid dentition on the opposite jaw.  

Connected beam with hanging distal elements, or Dolder beam 

Beams of this type are used for the manufacture of restorations supported only by 

implants. To ensure optimal uniform load distribution, it is desirable that the anterior implants 

are placed in place of teeth 2, and the dorsal implants – according to the position of the inferior 

alveolar nerve – in place of teeth 4. In the upper jaw for the manufacture of this type of 

restoration it is necessary to place 6 implants. Distal cantilever elements increase the frictional 

contact area and the fixation strength of the external structure. The distance between the beam 

and the gum should be at least 1 mm for effective hygienic manipulations. It should be 

remembered that the extensions will be subjected to a stronger load, so their length should not 

exceed 8 mm.  

Experience in the manufacture of restorations of this type shows that traditional gold 

inlays wear out very quickly and are broken under the influence of functional loads.  

Indications for the use of a connected beam with hanging elements  

1. Minimum 4 implants on the lower jaw and 6 implants on the upper jaw. 

2. Fabrication of restorations supported only by implants. 

3. Rigid dentition on the opposite side. 

Custom milled beam  

This type of superstructure is always made custom, it has special structural elements 

that prevent spontaneous removal of the prosthesis.  

Milled beams provide reliable support for the external structure. Their advantage is a 

wide friction contact surface. Milling of contact surfaces at an angle of 2 degrees greatly 

facilitates the removal and fixation of the external structure, as well as provides reliable 

strength of its connection with the support beam. Secondary elements are made by 

electroplating, which guarantees precision accuracy of their fixation, and also saves the 

working time required for the manufacture of cast secondary elements.  

Now we have a wide range of different mating elements: 



- "Preci-Line", 

- "Ceka-Anker",  

- locks of different types. 

An important feature of the restoration with milled beams is the connection of all 

implants into a single rigid structure. This allows to reduce the load on each implant and 

optimize its distribution. 

Such restorations provide maximum comfort for the patient. Unfortunately, they are 

very expensive, so their manufacture is possible only in cases where the financial aspect is not 

crucial. 

Advantages of the beam fixation system: 

- According to the mechanism of pressure transfer, the beam system converts a 

complete removable denture from a plate denture to a clasp denture; 

- Creates a good fixation of the prosthesis; 

- Splints implants; 

- Eliminates rotational movements in implants; 

- Allows the placement of teeth with the necessary deviation from the crest of the 

alveolar ridge in the area of the beam. 

Clinical and laboratory stages of fabrication a removable beam-retained denture 

Clinical stage. Using the anatomical alginate impression, a perforated custom tray is 

made in the laboratory. A working model is cast using an impression taken with an open custom 

tray, taking into account the features of the chosen method of fixation. Transfer to the 

laboratory: the working impression obtained using an open custom tray with transfers, screws 

for fixing implant analogues, corresponding analogues, model or impression of the opposite 

jaw. 

Laboratory stage. Fix implant analogues of the appropriate diameter with screws with 

transfers. Make plaster models and remove transfers. Replace the transfers for an open tray on 

the model, fix them with long screws. Apply a layer of light curing material for denture bases 

around the transfers. Contour the material around the transfers and distally along the edentulous 

ridge. Make a wax occlusal horseshoe on the stabilization base, leaving holes for access to the 

screws.  

Clinical stage. Using a hexagonal screwdriver, remove the molds from the implants or 

caps from the temporary abutments and the temporary suprastructure. Attach the base and 

occlusal arch to the implants or abutments using short screws and a hex screwdriver. Contour 

the occlusal arch, mark the midline and the smile line. Determine the interalveolar distance and 



register the bite. Remove the base with the impression from the patient's oral cavity and re-fix 

it with screws on the working model. Replace the formers on the implants. Select the teeth in 

the form and color of the set and send everything to the laboratory for the manufacture of a 

wax model of the stabilization prosthesis. Using the facial arch, spatially orient he upper jaw. 

Laboratory stage. Plastering of models in the articulator. Fixation of artificial teeth to 

the base with wax. To fix the prosthesis during fitting in the oral cavity, it is necessary to make 

two holes on the lingual side in the projection of the front teeth. 

Clinical stage. Remove the healing abutments from the implants with a hex 

screwdriver. Fix the denture blanks to the abutments with screws through two holes in the wax 

model. Check occlusion, aesthetics and phonetics. After removing the wax model of the 

prosthesis, re-insert the healing abutments on the implants. 

Laboratory stage. Apply landmarks to the working model to facilitate the use of 

silicone mass. To register the position of the artificial teeth and the vestibular border of the 

prosthesis placed on the working model, make a vestibular occlusal silicone template. Place 

the fired caps on the working model. Remove the teeth from the wax model of the prosthesis 

and place in the silicone template in the appropriate position, fix with wax. Then place the 

template on the working model. Beams within the wax model of the prosthesis are used as a 

template for modeling caps. The position of the fasteners, the height of the beam and its 

compliance with the functional requirements are checked. A beam of special wax or a standard 

blank is modeled around the caps. The position of the fasteners is checked with a parallel 

surveyor. Castings are made, refractory mixture is applied. The beam is cast, the mold is 

separated, the beam is polished.  

Clinical stage. The finished beam is placed on the implants, making sure of passive 

fitting. Long transfer screws are used to fix the beam sections. Holes are made in a plastic 

impression tray specifically for these screws. High fluidity imprinting mass is applied around 

the beam. When the mass hardens, remove the long screws and make an impression. The beam 

should remain in the impression. Transfer to the laboratory: impression tray, modified cast 

beam, long screws. 

Laboratory stage. After firm fixation of the analogues in the plaster model, the beam is 

sealed, maintaining its passive fit.  

Clinical stage. healing abutments are removed from implants, internal threaded 

connections are washed with antiseptic and dried. The finished cast beam is placed and fixed 

with appropriate screws. If the junction of the beam with the implant or abutment is located 



under the mucous membrane, a control X-ray should be taken to make sure that the beam fits 

snugly.  

The finished prosthesis is placed in the patient's oral cavity, fixed with the help of 

fastening elements. If necessary, the occlusion or gingival contour of the prosthesis is 

corrected. The patient is instructed on the use of the prosthesis and custom oral hygiene.  

The clinical stages of fabrication of a removable denture with a beam fixation system 

supported by four implants are shown in the photo (Fig. 7.15 – 7.23). 

 

 

Fig. 7.15 Clinical situation before prosthetics 

 



 

Fig. 7.16. Splinting of transfers 

 

 

Fig. 7.17. Fabrication of a custom impression tray 

 



 

Fig. 7.18 Custom beam on the model 

 

 

Fig.7.19. Processing of a custom tray with adhesive 

 



 

Fig. 7.20. Fixation of the beam frame in the oral cavity 

 

 

Fig. 7.21. Functional impression obtained with a beam with 3M ESPE Monophase 

material 

 



 

Fig. 7.22. Fixation of the beam in the oral cavity 

 

 

Fig. 7.23. Prostheses in the oral cavity (complete denture on the upper jaw, removable 

prosthesis on the bar on the lower jaw) 

 

Prosthetic constructions on telescopic elements 

Telescopic, conical or double crowns have become the preferred solution in classical 

prosthetics and are increasingly used in implantology. There are two variants of telescope 

designs: 



- galvanic telescopic crowns; 

- Marburg double crowns.  

Galvanic telescopic crowns. The main advantage of this design option is the possibility 

of gluing galvanic caps into the tertiary frame directly in the patient's oral cavity, which ensures 

it’s absolutely free fit. Galvanoplasty is a method of fabrication various prostheses, the essence 

of which is the layering of metal particles from an electrolyte solution under the influence of 

an electric current. It allows to produce a self-forming metal structure without using gold alloys 

– without casting, only due to a purely electrochemical process. The primary telescopes are 

milled at an angle of 2 degrees, which ensures high accuracy of fixing the outer structure. It 

slides very softly, "like butter", over the surface of the primary telescopes and, thanks to the 

adhesive action of saliva, is firmly held in a given position. 

Advantages:  

- high retention ability of the structure, which is provided by a clear relation of surfaces 

of telescopic elements; 

- no allergic reactions due to the use of 24-carat gold; 

- precise fabrication due to direct application on the duplicated model or on the main 

crown; 

- high aesthetics of the restoration; 

- low level of plaque formation; 

- high level of polishing; 

- homogeneous layer of gold 200 or 260 microns thick; 

- certified gold solution (CE 0483), does not contain arsenic or other toxic substances.  

Marburg double crowns. In this case, the primary elements are also milled at an angle 

of 2 degrees. In addition, additional connected elements are placed on them: 

 – "TK-Snap", 

 – "SD-Tele-Klick", 

 – "Ipso-Clip". 

With this option, the formation of friction contact is not required and the secondary 

crowns are immediately placed in a given position. An important feature of telescopic 

restorations is the ease of daily cleaning. 

Another characteristic feature of telescopic restorations is the possibility of making a 

removable part in the form of a classic bridge. Saddles, which rest on the gum, are placed only 

in the distal parts of the alveolar ridge. This type of prosthesis takes into account the condition 

of the atrophied edentulous mandible. Irritation of the mucous membrane, which often occurs 



under a tightly fitting base of a removable denture, is virtually impossible. The open design of 

the denture base minimizes plaque accumulation and its effect on the mucosa. Suprastructures 

are made of noble materials, titanium, CX alloys.  

Advantages of removable structures on implants: 

- provide adequate support for the removable denture; 

- simple in technological execution; 

- provide adequate support for soft tissues; 

- easy to carry out oral hygiene; 

-provide an opportunity to move to conditionally removable and fixed structures. 

Increasing the number of implants up to 5-6 allows to produce dentures with screw 

fixation with or without distal extension of the prosthesis. In the literature, such constructions 

are often called conditionally removable dentures, and for the use of plastic and metal in the 

prosthetic part – hybrid. There may be other names, because modern implantology terminology 

is not perfect. 

 

7.6. Fabrication of fixed and conditionally removable structures on implants in the 

complete absence of teeth 
 

Implantation is always associated with a certain risk, since it is impossible to predict in 

all details the custom reaction of the body to treatment. Before making a decision about 

implantation, the expected advantages over traditional prosthetics should be clearly defined. 

These include a decrease in bone resorption of the alveolar ridge; improvement of the patient's 

appearance by supporting the lips and soft tissues of the face with the prosthesis base; 

increasing the aesthetic and functional value of the prosthesis in case of changes in the jaw 

ratio, creating an imitation of the gums.  

Fabrication of fixed bridge structures on implants has its own peculiarities and 

corresponding techniques. One of the methods almost does not differ in clinical and laboratory 

stages from traditional prosthetics. After the second surgical stage and healing of peri-implant 

tissues, abutments are placed, prepared (if necessary), screws are closed and an impression is 

taken using the closed tray method. Fabrication of the working model and the following stages 

are traditional, as in traditional fixed prosthetics. The treatment is completed with cement 

fixation of the bridge. More accurate is the method of fabrication a bridge structure on models 

with an open tray impression. The method involves the placing of impression transfers in the 

implants and obtaining an impression. A standard or custom tray is adjusted so that the screws 



from the transfer protrude outward. The tray is filled with impression material – polyester, A-

silicone of medium viscosity or, if necessary, flow silicone. After polymerization of the 

material, the screws of the transfers are unscrewed, and the transfers are left in the impression. 

Laboratory analogues of implants are screwed to them and a working model is cast. Stock 

abutments are placed on the analogues, which are milled to achieve parallelism. A frame of 

fixed construction is made. After checking the frame in the oral cavity and determining the 

color, it is lined with ceramics, composite plastic and fixed with special cement. According to 

this method, it is possible to produce bridge structures with screw fixation.  

Conditionally removable structures also include structures fixed on four implants – 

"all-on-four" (P.Malo) and "all-on-three" (Branemark-Novum) (Fig.7.24). 

Despite the fact that the use of such designs creates more risks and, accordingly, a lower 

success rate, it is quite successful and attractive for patients, especially in terms of time and 

cost. Both techniques can be compared only in the treatment of complete edentulous teeth in 

the mandible, and the possibility of using the "all-on-four" technique in the upper jaw is its 

significant advantage over the Branemark-Novum technique, which is used only in the lower 

jaw. 

  

 

Fig. 7.24. All-on-four construction (P.Malo) 

 

There is another variant of conditionally removable prosthetics with complete 

edentulousness, which involves fixing the prosthesis on 5-6 implants. It was developed by an 

international group of dentists under the leadership of Prof. G.Zarb (Toronto, Canada), 



T. Jansson and T. Jent (Gothenburg, Sweden) under the name "prosthesis with distal 

extraction" or "Toronto bridge". This metal-acrylic prosthesis has a cantilever part at the level 

of premolars and molars, fixed with screws up to 5 implants on the lower jaw and up to 6 

implants on the upper jaw, which are placed in the frontal area of the jaws. The prosthesis with 

distal extraction is used in the case when, due to severe bone atrophy, there are no conditions 

for implantation in the lateral parts of the jaws.  

Clinical and laboratory stages of fabrication conditionally removable structures have 

their own peculiarities. 

After the second surgical stage, it is advisable to determine the centric relation of the 

jaws with the help of wax templates, to carry out diagnostic placing of artificial teeth and only 

after that to start fabrication the prosthetic suprastructure. 

For this purpose, it is necessary to have a working model with exact copies (laboratory 

analogues) of implant abutments. It is most appropriate in this situation to use the method of 

taking an impression with an open tray. It involves the placing of transfers fixed with screws 

on the implants in the oral cavity. The impression material (polyester or medium viscosity A-

silicone in a cartridge system) is applied to the tray and transfers so that the screws protrude 

beyond the tray. After polymerization of the material, the screws are unscrewed and the trays 

are removed, while the transfers are contained in the impression material. The laboratory 

analogues are screwed to them and the working model is cast. The frame of the superstructure 

can be modeled both on standard caps made of ashless plastic and on standard metal caps made 

of titanium or gold. The latter are used when the framework of the superstructure will be made 

of gold. Titanium caps are used when casting the superstructure from CoCr, because the 

melting point difference between titanium and these alloys ensures the stability of the titanium 

shape in the one-piece base. The modeling of the superstructure can be adapted to the pre-

setting, which is available if the teeth are fixed in a silicone mantle. After casting, the 

superstructure is processed, the fit on the model and in the oral cavity is checked. The base wax 

is replaced with plastic and fixed with screws in the oral cavity. The screws are covered with 

composite. Patients should be warned about the possible loss of fillings and the need to re-

place them. Most often this happens in the first 2-3 months after fixation of the prosthesis due 

to shrinkage and stamping of the metal base. 

This type of construction has the following advantages: the possibility of removal, 

hygiene, repair, sanitation near the implants; the possibility of switching to a fixed structure 

with an increase in the number of implants. Professional hygiene, which is carried out at 



different times after prosthetics, involves not only the removal of debris in the oral cavity, but 

also ultrasonic cleaning of the prosthesis. 

In the mandible, an increase in the number of implants more than six, provided that they 

are located in the inter- and extramental space, makes it possible to make a fixed structure. At 

the same time, a number of authors demonstrate long-term observations of constructions 

supported by 8-10 implants. However, it should be noted that the determining factors that 

influence the choice of the optimal implant-supported design, both in the complete and partial 

absence of teeth, remain unclear.  

Conditionally removable prosthetics on implants has a number of advantages and 

disadvantages.  

Advantages: 

- possibility of optimal redistribution of the vector of forces acting on the prosthesis; 

- possibility of removing the prosthesis if necessary; 

- absence of cementation. 

Disadvantages: 

- relative labor intensity of dental work; 

- increase in the cost of prosthetics due to the complexity and mandatory use of auxiliary 

components of implants; 

- the need for "maintenance" – replacing fillings, tightening screws, and sometimes 

replacing screws and implant abutments. 

Clinical and laboratory stages of fabrication of conditionally removable denture for 

edentulous maxilla are presented in Fig. 7.25 -7.30.  

  



 

Fig. 7.25. Fixation of transfers in the oral cavity 

 

 

Fig. 7.26. Fitting a stock impression tray 

 



 

Fig. 7.27. Fitting of a custom tray 

 

 

Fig. 7.28. Functional impression with impression transfers 

 



 

Fig. 7.29. Conditionally removable denture fixed with multiunits on the laboratory 

model 

 

 

Fig 7.30. Conditionally removable denture fixed in the oral cavity 

  

7.7. Mechanisms of adaptation to implant-supported dentures 
 

A traditional mandibular removable denture can move up to 10 mm during functioning. 

Under such conditions, full occlusal contacts and control of chewing forces are impossible. 



Implant-supported removable denture provides stability of the prosthesis and high chewing 

efficiency (Jemt T., Stalblad R.A., 1986; Geertman M.E. et al., 1994; Haraldson T. et al., 1988; 

Mericke-Stern R., 1993). The functional activity of the masticatory muscles of patients with 

complete tooth loss increases when using removable and especially fixed prostheses supported 

by implants compared to traditional plate prostheses (Dadalian V.V., 2006). According to 

Sadykov M.I. (2002), the physiological adaptation of the masticatory muscles to complete 

dentures on implants is accelerated by 2 times, and chewing efficiency is restored to 72.8%. 

Implant-supported removable denture can minimize soft tissue trauma and accelerated 

bone atrophy by limiting lateral movements and vertical loading direction. Better retention of 

the prosthesis is also important for speech, because the tongue and facial muscles can take a 

more natural position and not restrict the movement of the prosthesis on the lower jaw. Implant-

supported prosthesis can be designed with smaller limits. This is especially important in the 

presence of torus, exostoses, low vomiting threshold (Pulmer F., Franken J.D., Gratus R., 

2006). This type of prosthetics allows to achieve successful rehabilitation of patients with soft 

and hard tissue defects after resection of tumors or injuries (Aliev A.D., 2005). 

Compared to fixed prostheses, implant-overdentures require fewer implants because 

soft tissues provide additional support. Hygiene, home and professional care are improved. 

Diagnostic peri-implant examination is facilitated. Removable prosthesis can be removed at 

night to reduce the damaging effect, night parafunctions that increase the pressure on the 

implant-support system. Such a prosthesis allows to reduce the pressure between the 

mesostructure and the prosthesis, and to transfer part of the occlusal load to the soft tissues. It 

is easier to correct than fixed prosthesis. Lower material costs and a smaller number of implants 

make this method of treatment accessible to patients with average incomes (Mirgazizov M.Z., 

2007). 

Clinical-radiological and functional studies conducted by Matveeva A.I. (1993) have 

shown that a complete removable denture supported by implants contributes to the 

normalization of physiological processes in the tissues of the foundation area and increase 

chewing efficiency, which allows to improve the quality of prosthetic treatment.  

Micromovement of complete dentures supported by implants can occur in 1 – 6 

directions. For patients with complete absence of teeth, C.E.Misch (1999) describes 5 main 

options for treatment with implant-supported removable dentures for the lower jaw. The first 

variant of the prosthesis is used in case of sufficient bone volume, involves the placing of two 

implants independent of each other with any option of rigidity of their connection with the 

prosthesis. To attach a complete removable denture to interforaminal implants, such connecting 



elements as pins, ball locks, magnets, telescopic crowns are most often used. These attachments 

differ in their biomechanical properties (Ileckmann et al., 2001). The type of denture 

attachment is chosen based on the anatomy of the mandible. However, labile connections 

(spherical atachments, extracoronary elastic device ERA) are very rarely used in prosthetic 

systems because they do not provide adequate denture stability and high functional efficiency. 

For mandibles with sufficient quantity and quality of alveolar bone, magnetic retention can be 

an alternative solution, but it provides too much retention and creates corrosion problems 

(Naert et al., 1999). V-shaped jaws, which result in insufficient space for the tongue when using 

archwires, may be an indication for the use of single locking retainers (Spiekermann et al., 

1995). When planning the design, it should be remembered that the custom implants are not 

splinted together, which increases the risk of overloading and disintegration. 

In case of good and excellent conditions of the foundation area, the second option of 

removable dentures for the lower jaw is more often used – two implants are connected to each 

other by a beam without distal extension, and with the prosthesis – on the principle of semi-

labile or solid fixation. Certain disadvantages of the beam system are the possibility of soft 

tissue hyperplasia, more time-consuming hygiene and considerable costs for the preservation 

of fixation elements (clips, brackets). The choice of prosthesis design depends on the 

characteristics of the antagonist teeth. The use of two implants in combination with removable 

dentures is not indicated in case of sharp, uneven atrophy of the alveolar part and in patients 

with opposite natural dentition. Both treatment options can be planned as an intermediate stage 

in the transition to a system based on a larger number of implants. 

The third treatment option is indicated in good anatomical conditions and involves 

supporting the prosthesis on a beam without a cantilever extension connecting 3 implants. The 

design allows to improve the stabilization of the prosthesis. The wider surface area of the 

implants located in the bone makes it possible to better distribute the load and slow down the 

atrophy of the foundation area. The degree of movement of the prosthesis depends on the used 

atachments and the distance between the extreme implants – the greater it is, the stiffer the 

connection. 

In the fourth treatment option, 4 implants are placed, united by a beam with a cantilever 

extension of up to 10 mm. This type of treatment is used for average anatomical conditions that 

provide significant retention of the prosthesis. The results of mathematical modeling have 

shown that the length of the cantilever should not exceed half the distance between the 

projections of the medial and distal implants on the axis of symmetry of the prosthesis 

(Musheev I.U. et al., 2000; Rangert W. et al., 1989). Cantilever lengthening is indicated only 



under ideal clinical conditions: the height of the artificial teeth is less than 14 mm, there are no 

parafunctions, and the antagonists are artificial teeth. The cantilever should be shorter on 

cylindrical implants compared to screw-retained implants due to a 30-79% reduction in surface 

area and the use of small diameter implants. 

The next treatment option is the placing of 5 implants between the premolar positions, 

connected by a beam with a 15 mm cantilever, and the manufacture of a complete removable 

prosthesis. This design is used in case of average anatomical conditions, the need to reduce the 

volume of the prosthesis, the lack of adaptation to traditional prostheses, the desire to avoid 

bone atrophy in the distal part, and mucous membrane diseases. Five known variants of 

removable dentures provide a comprehensive approach to meet the patient's complaints and 

solve the problems of anatomical limitations for fixed structures. The described treatment 

options are acceptable for patients with complete absence of teeth and slight bone atrophy in 

the anterior region. If the bone in the anterior region is more atrophied, then in each treatment 

option one more implant is added, and the use of two unconnected implants is completely 

denied. 

Heckmann et al. (2003) state that telescopic crowns are the preferred type of connecting 

elements in case of progressive atrophy of the alveolar ridge. Non-rigid telescopic attachments 

for the stabilization of removable dentures on two implants were first proposed in 1989. This 

treatment concept offers advantages such as ease of use, ease of cleaning and a sense of 

satisfaction throughout the life of the prosthesis. The telescopic design is considered an 

effective treatment for geriatric patients with diseases that affect the degree of loss of manual 

skills. Wismeijer et al. (1999) found that when using spherical locks to stabilize removable 

dentures on two implants, the hygienic condition is significantly improved compared to arc 

structures. 

Schortt A. et al. (2004) published the results of clinical, functional, radiographic 

evaluation of ten-year prosthetic results of 27 patients with removable dentures with telescopic 

fixation on screw implants. The clinical condition of almost all implants was assessed as "good" 

or "excellent", additional research methods confirmed the absence of inflammation around the 

implants in most areas. Only one case of implant loss was detected. However, the hygienic 

condition of the oral cavity in most participants was not quite satisfactory. A possible 

explanation for this is the elderly age of patients, accompanied by weakening of manual skills. 

Many authors believe that the optimal solution to the problem of fixing a complete 

removable denture using 2 – 4 implants is the use of locking fasteners of various designs placed 



on the beam connecting the implants (Tadini D., Dzukini P., Vanini M., 2004; Lebedenko I.Y., 

Kalivrajian E.S., Ibragimov T.I., 2005). 

In our opinion, the optimal treatment of patients with complete absence of teeth using 

implant-supported dentures is now sufficiently realized. The main prerequisite for successful 

prosthetics with the use of implants is the use of modern technologies and materials tested in 

practice. Nowadays, the problem of chewing load on the supports through shock absorption 

systems is being actively solved. The design of a cylindrical lock with a dosed degree of buffer 

compliance has been developed. Modern methods of improving the manufacture of dentures 

on implants for patients with complete absence of teeth include spark-erosion treatment SAE-

Secotck for passivation of meso- and suprastructure of implants (Rubeling G., Zerweck R., 

Mirgazizov R., 2003, 2004).  

 

7.8. Hygienic care of implant-supported dentures 
 

Implant-supported dentures require special hygienic care. Educating the patient on 

special measures and motivating them to perform thorough and regular hygiene procedures is 

an important part of the dentist's work. Patients who apply for implantation, as a rule, have lost 

teeth due to neglect, in particular poor hygienic care. 

Therefore, it is unlikely that without serious motivation the patient will take better care 

of the implants and responsibly perform complex additional manipulations. The accumulation 

of plaque and calculus on the necks of implants and in the gingival parts of prosthetic structures 

leads to inflammation of the adjacent mucous membrane, which subsequently spreads to the 

bone tissue that fixes the implant. As a result, pockets are formed around the implant and bone 

destruction occurs, and the reparative capabilities in this case are much weaker than in case of 

inflammation in periodontal tissues. Inflammation and bone destruction occur faster. Thus, 

even with a qualitatively performed complex of therapeutic manipulations for implantation, its 

success is nullified due to the patient's negligence. 

This gives some authors grounds to suggest a preliminary assessment of oral hygiene 

when considering indications for implantation, and if a person denies oral hygiene, it is worth 

refusing the patient to undergo surgery. In case of insufficient hygiene skills, more frequent 

visits for professional hygiene, development of a custom set of oral care methods can be 

recommended. 



Hygienic skills should be formed even before prosthetics, so that by the time the 

prosthetic structure is fixed, the patient is ready to take care of his own teeth and learns only 

additional methods of care for dentures and implants.  

Oral hygiene care in the presence of implants includes: 

1. Brushing teeth and tongue with a toothbrush and toothpaste twice a day, after 

breakfast and before bed. You can brush your teeth after every meal.  

2. It is possible to use electric toothbrushes, which allows you to remove the bulk 

of soft plaque from the teeth, the supragingival part of the implants and the supraconstruction. 

It is recommended to use brushes with soft bristles to avoid soft tissue trauma. Such brushes 

have a shorter service life and need to be replaced every 2 months.  The complexity of 

application and the relatively high cost of the thread allow us to offer alternative methods of 

cleaning these areas.  

3. Application of dental (interdental) brushes. In each case, the size of the brush 

and the shape of its working surface (conical or cylindrical) are customly selected. The brush 

is more effective in cleaning the gingival surfaces of the supraconstruction and less effective 

in cleaning the necks of implants. 

The need for daily oral care several times a day leads to the recommendation to choose 

those dental elixirs and rinses, the therapeutic effect of which is provided by extracts of herbs 

and plants that do not contain alcohol and chemicals (antiseptics). Rinses with antiseptics can 

be used for a short time, in the treatment of soft tissue inflammation of microbial etiology or 

after the surgical stage of implantation. 

In patients with implant-supported dentures, the use of toothpicks is not indicated due 

to their traumatic nature, and dental floss can be recommended for cleaning the apical surfaces 

of unshielded teeth and single artificial crowns, including those on implants. Removable 

dentures supported by implants are cleaned by the patient according to the general rules of care 

for removable dentures with additional emphasis on the places of fixation of the prosthesis – 

locking fasteners, telescopic crowns, etc. 

In the oral cavity, non-removable suprastructures (beam system, abutments, internal 

telescopes) are cleaned with appropriate hygiene products.  

In addition to custom hygienic care, patients after dental implantation are shown regular 

professional oral hygiene. Depending on the clinical situation, the dentist selects the frequency 

of visits for the patient custom, but at least 2 times a year. 

The peculiarity of professional hygiene is the removal of conditionally removable 

prostheses fixed with screws or temporary cement during the procedure. During the procedure, 



the removed dentures are placed in a bath with an antiseptic solution, it is possible to clean the 

dentures by ultrasound. Thus, only high-quality hygienic care of the oral cavity is the key to 

the long-term suitability of prostheses based on implants. 

  



SECTION 8. COMPLICATIONS OF DENTAL IMPLANTATION. 

PREVENTION AND TREATMENT. CRITERIA OF EFFECTIVENESS OF 

DENTAL IMPLANTATION 
  

8.1. Complications of dental implantation  
 

Group I – immediate complications (complications arising during the operation of 

dental implantation): bleeding; perforation of the maxillary sinus floor – instrument fracture; 

damage to the walls of the mandibular canal and injury to the inferior alveolar nerve; 

perforation of the compact layer of the lower and lateral parts of the lower jaw; fracture of the 

alveolar ridge wall. 

Group II – early complications (occurring after surgery and before the prosthetic stage 

of implantation): peri-implantitis; rejection of the implant; movement of the intraosseous 

element of the implant into the maxillary sinus. 

Group III – late complications during the period of implant functioning. Complications 

arising during dental implantation surgery. 

Bleeding. One of the causes of bleeding may be the psycho-emotional 

"unpreparedness" of the patient for surgery, which may lead to an increase in blood pressure, 

which can lead to bleeding. Premedication helps to improve the patient's psycho-emotional 

state and maintain normal blood pressure. 

Slight bleeding from the bone or adjacent soft tissues may be due to errors in surgical 

technique, in particular, mucous membrane rupture. Such bleeding is quickly stopped during 

implantation (hemostasis is performed and the wound is sutured). Bone bleeding can be caused 

by an unrecognized chronic inflammatory process. It is necessary to perform revision, remove 

granulation in the area of the formed bed, and perform hemostasis. 

Severe bleeding may occur due to damage to the vessels of the floor of the mouth. This 

can occur due to perforation of the lingual surface of the jaw. To prevent this complication, the 

dentist constantly monitors the implant placement area with a probe. 

Perforation of the maxillary sinus floor. The causes of perforation can be incorrect 

determination of the height of the alveolar ridge according to the panoramic radiography, 

excessive pressure on the instrument and inaccurate preparation of the bone placement area. 

If the perforation of the maxillary sinus floor occurred during the preparation of the 

guide canal, it is necessary to measure the distance from the crest of the alveolar ridge to the 



perforation site (with a depth gauge or guide drill). Further formation of the bone placement 

area should be performed with instruments whose height is at least 1 mm less than the measured 

distance. 

The tactics of perforation of the maxillary sinus floor during the final preparation of the 

area are as follows: 

1. Refuse to place the implant in this place and, if there are conditions, form a bone 

placement area next to the already formed one. 

2. Place the intraosseous element of the implant, the height of which is 2 mm less than 

the depth of the formed bed. Before inserting the implant, insert the collected bone chips or 

bioplastic material into the upper part of the bed. It should be remembered that a prerequisite 

for preparing patients for implant treatment is a computed tomography scan to determine the 

bone thickness and the need for sinus lift surgery. 

Instrument fracture. During the preparation of the bone placement area, fissure burs 

often break. The main cause of drill fractures is too much pressure on the instrument during 

drilling. Also, fractures can be caused by improper sterilization temperature regimes and the 

tool's service life. 

The part of the broken instrument remaining in the bone must be removed as follows: 

using an angled probe or a thin iron, carefully probe the bone wound and remove the detected 

fragment of the instrument. If the fragment cannot be found in this way, it is necessary to 

perform radiography. 

Damage to the walls of the mandibular canal and injury to the inferior alveolar 

nerve.  

Damage to the wall of the mandibular canal and injury to the inferior alveolar nerve can 

be due to insufficient examination of the patient at the stage of planning dental implantation 

(lack of CT scans, incorrect determination of the height of the alveolar ridge according to the 

panoramic X-ray, incorrect determination of the size of the implant), careless preparation of 

the bone placement area. Opening the wall of the mandibular canal does not always cause 

irreversible damage to the mandibular nerve. Opening the canal wall can lead to the formation 

of intracanal hematoma and compression of the nerve. In this case, partially lost sensation in 

the area of innervation of the inferior alveolar nerve is gradually restored within 2-3 weeks. 

Vincent's symptom can also be observed in osteoporosis of the lower jaw, when the 

wall of the mandibular canal may have holes or be absent. Loss of sensation in this case is 

associated with hemorrhage into the cerebrospinal space and edema of the bone marrow 

stroma, causing compression of the mandibular nerve. In this case, a typical clinical picture is 



observed: paresthesia or partial loss of sensation occurs the day after surgery and gradually 

disappears in 5-7 days. 

The dentist's tactics in case of paresthesia due to edema of the bone marrow stroma and 

intracanal hematoma is to prescribe antihistamines, acetylsalicylic acid, heat to the area of the 

corresponding part of the lower jaw (3-4 days after surgery). If the Vincent's symptom is 

associated with damage not only to the wall, but also to the inferior alveolar nerve itself and 

the dental implant is located directly in the mandibular canal, as evidenced by a persistent 

impairment of the sensitivity of the lower lip for one to two weeks without positive dynamics, 

removal of the implant and the appointment of proserine, B vitamins, physiotherapy are 

indicated. 

If the patient refuses to remove the dental implant, symptomatic drug treatment is 

prescribed. In some cases, the sensitivity of the lower lip is restored partially or completely in 

6-12 months.  

Perforation of the compact layer of the lower and lateral parts of the lower jaw.  

Perforation of the lower or lateral compact layer of the lower jaw is not always a 

complication. In some cases, it is a planned manipulation. A complication may be the removal 

of a part of the implant beyond the jawbone by more than 2 mm. In this case, a lower dental 

implant should be placed during the operation or re-implantation should be performed within 

one to two weeks (if the removal of the implant beyond the bone is detected in the postoperative 

period palpation or radiographically). 

Perforation of the compact layer in the area of the internal oblique line of the mandible 

should be avoided, as it can lead to damage to the lingual artery, bleeding, hematoma formation 

and inflammatory complications.  

 

8.2. Early postoperative complications.  
 

Early complications occur after surgery in the next 7-10 days (before the prosthetic 

stage of implantation). They include peri-implantitis, implant rejection and movement of the 

intraosseous element of the implant into the maxillary sinus. 

Peri-implantitis is an inflammatory process in the area of the gingival cuff in a limited 

area (implant – bone tissue), accompanied by bone resorption, the formation of bone pockets 

and the growth of granulation tissue in the area of inflammation. Depending on the depth and 

extent of bone resorption adjacent to the implant, 4 classes of peri-implantitis are distinguished 

(Fig. 8.1). 



 

 

 

Fig. 8.1. Schematic representation of four classes of peri-implantitis according to 

H. Spiekermann and S. Jovanovic: A – I class – a slight horizontal decrease in the level of 

bone tissue with the formation of a minimal defect in the bone tissue adjacent to the implant; 

B – II class – moderate decrease in the horizontal level of bone with the formation of an 

isolated, unilateral vertical bone defect at the interface "implant – bone"; C – III class – 

moderate decrease in the horizontal level of bone with the formation of a vertical bone defect 

around the perimeter of the implant; D – IV class – a pronounced decrease in the horizontal 

level of the bone and the formation of a vertical defect around the implant with resorption of 

one of the walls of the bone of the alveolar ridge. 

 

The reasons for the development of peri-implantitis are the formation of a hematoma 

over the cap of the intraosseous element of the implant, suppuration of the hematoma, 

overheating of the bone tissue during the preparation of the bone placement area, inadequate 



closure of the surgical wound (scars, shallow anteroinfraorbital cavity), poor oral hygiene, non-

compliance with the dentist's recommendations. 

Peri-implantitis after one-stage implant placement is characterized by pain when 

pressing on the implant, hyperemia, swelling of the mucous membrane in the area of the 

implant. In some patients there is a slight mobility of the implant, and on the X-ray there is a 

focus of resorption at the interface "implant – bone" or the formation of a bone pocket in the 

area of the implant. 

Treatment of peri-implantitis consists in removing plaque from the part of the implant 

protruding into the oral cavity (scaler with plastic curettes, jet treatment with sodium 

bicarbonate), detoxification of the implant surface with citric acid solution for 1 minute, 

treatment of the gingival cuff with antibacterial gels, drug anti-inflammatory therapy 

(lincomycin, aspirin, metronidazole). 

Hygienic care is also necessary (rinsing the mouth with antiseptic solutions and using 

toothpastes containing chlorhexidine). After the inflammatory phenomena are relieved, it is 

necessary to eliminate the anatomical cause (if any), for example, to perform vestibuloplasty 

or resect the scars of the antero-posterior part of the oral cavity. If, as a result of the treatment, 

it was not possible to stop the inflammatory phenomena or after some time there is a relapse of 

the disease, it is recommended to remove the implant and revise the bone site. 

It should be remembered that only the first two classes of peri-implantitis are subject to 

treatment by a one-stage method. In classes III and IV, removal of one-stage implants and 

revision of the bone placement area are indicated. Reimplantation can be carried out in 2-3 

weeks at a distance of 2-3 mm from the site of previous intervention (if there are anatomical 

conditions) or in 1-1.5 months, if it is possible to place an intraosseous element of a two-stage 

implant of larger diameter in the same area, or in 6 months if the implant is similar in shape 

and size to the removed one. 

The clinical picture of peri-implantitis in the area of the intraosseous element placed at 

the first stage has its own characteristics. Usually 2 – 4 weeks after the operation there is a 

limited edema and hyperemia, fistula or granulation in the area of the mucous membrane 

covering the intraosseous element. A resorption focuses along the implant-bone interface or 

the formation of a bone pocket is determined radiologically. 

When treating peri-implantitis of classes I and II, it is necessary to cut the mucous 

membrane, remove the plug from the intraosseous element, thoroughly rinse the wound and 

the inside of the implant thread, place a gingival cuff shaper, and prescribe anti-inflammatory 

medication. Usually, inflammatory phenomena stop for 3-4 days. 



For class III peri-implantitis, the same course of treatment is carried out with 

subsequent plastic surgery of the bone defect using directed tissue regeneration techniques. For 

class IV peri-implantitis, the same approach is used as for class III, but the prognosis is 

unsatisfactory. The most effective tactic is removal of the implant with revision of the bone 

placement area and subsequent reimplantation in 4-6 months. 

Implant rejection. Implant rejection is essentially an acute focal osteomyelitis that 

develops in the bone tissue adjacent to the implant. The clinic distinguishes: 1. Granulation 

tissue formation between the bone and the implant surface; 2. Sequestration of the bone 

containing the implant.  

The reason for the rejection of the implant of the first type can be non-compliance with 

the temperature regime during the preparation of the bone placement area, changes in the 

hormonal background that regulates the process of osteogenesis. Clinic: 7-14 days after one-

stage implant placement, it becomes mobile, moderate hyperemia and swelling of the gingival 

cuff occur. After 14-20 days, the mobility of the implant increases. When using a two-stage 

technique in 14-20 days, hyperemia, swelling, fistula over the intraosseous element may occur. 

After 1-2 weeks, it is spontaneously pushed out by granulation tissue, after which the 

inflammatory phenomena stop on their own. 

A zone of bone destruction up to 1 mm wide along the perimeter of the intraosseous 

part of the implant is determined radiologically, sometimes a change in the position of the 

intraosseous element. Treatment: removal of the implant (if it remains in the bed) and gentle 

revision of the bone defect formed in its place. Re-implantation in the same area is possible not 

earlier than in 6-8 months. 

Rejection of the implant of the second type – the formation of sequestration of the bone 

containing the implant – can be due to strong heating of the bone during the preparation of the 

bone placement area of the implant, osteosclerosis of the bone area with an extremely low level 

of blood supply (occurs in the area of the lower jaw premolars with a narrow alveolar process). 

Clinic: after surgery (2-3 days) patients complain of constant aching pain at the site of 

the implant. Swelling and marked hyperemia in the area of the implant are noticeable. Anti-

inflammatory treatment has no effect, the pain does not stop. After 2-3 weeks the implant 

becomes mobile. In the first 2-3 weeks there are no signs of bone resorption or destruction on 

the X-ray. 

The following is indicated: removal of the implant (usually together with bone 

sequestration), gentle revision of the defect, tamponade of the defect with iodine-form turunda 

and a course of complex anti-inflammatory therapy. As a result, an alveolar ridge defect is 



formed, which usually does not allow re-implantation in the same place. Movement of the 

intraosseous element of the implant into the maxillary sinus can occur in the period from one 

to three months after implantation.  

Sometimes this complication does not require intervention (in some patients, the 

intraosseous element may fall out during sneezing). In most cases, however, surgical 

intervention is required. The surgical access corresponds to the open sinus lift technique. After 

osteotomy of the lateral wall of the sinus, the sinus mucosa is cut along the lower edge of the 

sawn out fragment of the sinus wall, which is then brought out. After removing the intraosseous 

element, the wall fragment is returned to its place, fixed with a barrier membrane, and the 

wound of the oral mucosa is sutured tightly. 

Mucositis is an inflammation of the soft tissues around the implant, which occurs after 

its opening or after its placing during one-stage dental implantation. The most common 

complications are peri-implantitis (1-19% of implantation cases). Peri-implant lesions in the 

area of dental implants are divided into retrograde osseitis (occurs before the opening of the 

implant) and retrograde peri-implantitis (occurs after the opening of the implant). The main 

manifestations of the inflammatory process in the tissues surrounding the implant are halitosis, 

bleeding gums when brushing teeth and eating solid food, pain when biting on the prosthesis, 

pus from the gum tissue around the implant. By origin, peri-implantitis is distinguished 

orthograde (marginal or cervical), retrograde and combined. In retrograde peri-implantitis, the 

implant-gingival junction may remain intact. 

The causes of retrograde peri-implantitis are:  

1) infection in the area of adjacent teeth;  

2) overheating of bone tissue during osteotomy before implant placement;  

3) microcracks of bone tissue caused by excessive speed of rotation of burs during the 

formation of the bone placement area of the implant;  

4) the presence of an excess cavity, which is formed during the placing of implants, 

provided that the length of the implant is shorter than the length of the created bone placement 

area.  

Powerful risk factors for peri-implantitis are the body's reaction to the implanted dental 

implant, infection of the bone placement area of the implant, non-compliance with personal 

oral hygiene. The occurrence of peri-implantitis and further development of inflammation can 

lead to rejection of the implant. Considering such consequences, let us remember that 

prevention of peri-implantitis is an important medical and social task of dentistry. 



It is believed that the etiological factor of infectious inflammation in the early 

postoperative period is the resident microflora of the oral cavity. The condition of the infectious 

process is the body's reaction to surgical trauma and the presence of an epithelial defect in the 

area of the suture line. Bacterial infection can occur at almost all stages (both surgical and 

prosthetic) of implantation. According to many authors, the onset and development of 

microbial damage is determined by the colonization of bacteria on the implant, their invasion 

with subsequent tissue damage by bacteria and their toxins. The adhesion of conditionally 

pathogenic bacterial microflora to the implant surface is of great importance in the development 

of inflammatory complications, disruption of osseointegration and duration of implant 

functioning. Supra- and subgingival colonization of microorganisms develops after implant 

placement. The literature analysis shows the presence of countless periodontopathogenic 

microflora around the rejected implant. Microflora in periodontitis and peri-implantitis is 

similar, but in the latter, it is more specific due to the foreign body – titanium implant. 

The causes of peri-implantitis are the violation of the protective function of the gingival 

cuff of the implant (due to poor oral hygiene), the presence of cement residues (which got into 

the prosthesis fixation) in the depth of the gingival cuff, chronic trauma. 

The basis of the pathogenesis is the inflammatory process caused by the penetration of 

microorganisms into the area "implant – bone tissue", which cause bone resorption, spread of 

the inflammatory process deeper. Treatment consists in eliminating the cause that caused the 

development of the inflammatory process, revision of the bone defect in the implant area and 

its elimination using methods of directed bone regeneration, anti-inflammatory therapy. 

 

8.3. Complications during the period of implant functioning 
 

In the long term after implantation, the following complications are possible: fracture 

of the neck of the implant; appearance of mobility and subsequent rejection of the implant due 

to improperly selected prosthetic design; hyperplasia of the mucous membrane around the 

implant; peri-implantitis as a result of implant overload and poor oral hygiene. Regardless of 

the nature of the pathogenic factor, blood microcirculation disorders are essential in the 

mechanism of inflammatory changes in the tissues surrounding the implant. 

The complications that most often occur during the period of implant functioning 

include mucositis and hyperplasia of the gingival cuff mucosa, peri-implantitis and 

inflammatory processes in the maxillary sinuses. The service life of dental implants is 



significantly affected by the quality of fabrication and correct placing of the prosthetic 

structure. 

Inflammation of the maxillary sinus  

The cause of maxillary sinusitis can be peri-implantitis in the area of the implant placed 

in close proximity to the maxillary sinus.  

Treatment. If the cause of recurrent sinusitis is determined to be an implant in the 

maxillary sinus, there are signs of peri-implantitis, the implant is mobile – it is removed and a 

comprehensive treatment of sinusitis is carried out. In the absence of implant mobility, clinical 

and radiological signs of peri-implantitis and in the presence of an unambiguous rhinogenic 

etiology – conservative treatment. Removal of the implant in this situation is not indicated. 

Breakage of an implant  

The causes of breakage of implants can be low-quality materials for the manufacture of 

implants, errors in the planning of treatment with the use of dental implants, the placing of 

narrow implants in the area of molars, overloading with dentures. 

 

  

 Fig. 8.2. Fracture of an implant placed in the mandibular molar area 

 

8.4. Clinical evaluation of peri-implant tissues at the postoperative stage of 

implantation 
 

Clinical examination at the postoperative stage of implantation is of fundamental 

importance, since it is the clinical picture that ensures the success or failure of implant 

treatment. 



The result of complex treatment of patients with the use of implants is largely 

determined by their stability, which depends on changes in the morphological structure of bone 

tissue in response to the implantation of a foreign object and the action of chewing loads. When 

assessing the stability of implants, the nature of the patient's complaints (interview, 

questionnaire), percussion results, the degree of implant mobility, clinical and radiological data 

on the condition of the tissues of the peri-implant area are taken into account.  

The results of clinical and radiological examinations performed immediately after 

implantation, 1 and 3 months after implantation, as well as 1, 6 months, 1, 2 years after 

prosthetics, are analyzed in accordance with the generally accepted criteria for the stability of 

intraosseous implants according to Misch (Table 8.1).  

  

Table 8.1. 

Criteria of implant stability according to Misch (1999) 

Evaluation criteria 

Mobility No implant mobility 

Radiological picture 
Bone loss in the first year of functioning 1.49 – 1.5 mm and 

further bone loss of 0.1 mm for each subsequent year 

Additional criteria 

Absence of pain, inflammation, paresthesia in the implant area, 

bleeding of the implant-gingival junction. High level of 

hygiene. Functional and aesthetic effectiveness of implant 

supported dentures 

Minimum success rate 95% success for 5-year use of implantation 

 

The following devices are used to objectively measure the implant mobility: 

"Periotest", developed by "Siemens" and the University of Tuebingen (Germany); frequency 

resonance analysis of implant stability – device "Osstell-mentor" ("Integration Diagnostics", 

Sweden), device "AnyCheck" from "NeoBiotech". The use of these devices does not affect the 

stability of the implant and does not cause other complications. 

"Periotest" determines the cushioning properties of periodontal tissues or the degree of 

osseointegration of implants. It consists of two main parts: the system unit (4) and the 

handpiece (2), connected by a cable (3). The system unit consists of a power supply unit, touch 

control panel, liquid crystal display, speaker and four integrated circuits of system logic. The 

first two microprocessors are responsible for receiving and processing the information, the third 



one – for the control system, and the fourth one contains the program for announcing the test 

results. 

 

1  2   3   4 

Fig. 8.3. Schematic representation of the apparatus "Periotest": 1 – test tooth 

(implant); 2 – handpiece; 3 – connecting cable; 4 – system unit 

  

Percussion on each implant is performed at the level of the upper third of the implant 

abutment. The measurement range is from -08 to +50 in absolute units. The lower the index 

was determined for each custom implant, the better the state of osseointegration. 

Clinically, the "Periotest" indicators correspond to the degree of implant mobility. 

"Periotest" values over + 20 are unacceptable in implantology and indicate implant rejection. 

For osseointegrated implants, the optimal values of periotest values vary from -5 to -1 

units.  

"AnyCheck" determines the strength of contact of the alveolar ridge with the implant 

by means of a shock pulse. It is easy to use thanks to the small, lightweight design of the case, 

in addition, the readings can be taken with healing abutments on implants of different systems, 

so there is no need to purchase "SmartPeg" pins, as for "Osstell ISQ". The duration of the entire 

measurement cycle is 3 seconds. 

The first cycle is the excitation of the mechanical shock pulse and its transmission to 

the striker. The second cycle is receiving the response of the mechanical system and 

transmitting information to the microprocessor. During the operation of the device, the tip sets 

a certain mechanical impulse for the implant, and then registers its corresponding acoustic 

vibrations, which are displayed on the LCD screen of the device. The degree of 

osseointegration is determined in the range from 30 to 85 units (similar to the ISQ scale). 

The higher the index was determined for each custom implant, the better the state of 

osseointegration. For osseointegrated implants, the optimal values vary from 65 to 85 units. 



When comparing the stability indicators of implants in different parts of the upper and 

lower jaws and according to different implant loading protocols, taking into account the data 

of various scientific studies, the following conclusions can be drawn: 

- the maximum value of implant stability is registered after one year; 

- initial indicators of implant stability in the upper jaw are lower than in the lower jaw;  

- a decrease in the stability coefficient of the implant during loading indicates the 

presence of its overload; 

- it is inappropriate to use these devices to verify the fact of primary stability, since the 

device indicators are not related to the prediction of the functioning of the intraosseous support.  

This indicates that even with insufficient primary mechanical fixation of the implant 

under delayed loading, one can expect an improvement in implant stability due to the biological 

phase of osseointegration. 

 

 



Fig. 8.4. "AnyCheck" device from "NeoBiotech" 

 

Thus, the Osstell-mentor and AnyCheck devices help to control the osseointegration of 

the implant in the implantation phase and after prosthetic treatment to detect negative changes 

at an early stage. 

 To control the tissues of the peri-implant zone, the following parameters are 

determined: gum color, gum contour, pocket depth, bleeding and discharge from them, hygiene 

indices. Control is performed on the basis of visual inspection and instrumental examination. 

The Loe and Silness gingival index allows to visually assess the degree of inflammation 

of the tissues around the implant: grade 0 – no inflammation; grade 1 – mild inflammation; 

grade 2 – severe inflammation: redness and hypertrophy, bleeding when pressed; grade 3 – 

severe inflammation: severe hyperemia, hypertrophy, spontaneous bleeding, the surface is 

covered with ulcers. 

 To assess the condition and degree of inflammation of the gums of the peri-implant 

area, the Schiller-Pisarev test is used. The method is based on the detection of glycogen in the 

gums, the content of which increases sharply in inflammation due to the lack of keratinization 

of the epithelium. Depending on the intensity of inflammation, the color of the gums when 

lubricated with Schiller-Pisarev's solution varies from light brown to dark brown. In the 

presence of healthy periodontium, the difference in the color of the gums is not detected. 

The corresponding gradation is adopted to characterize inflammation: 

- straw-yellow color of the gums – negative test; 

- light brown color of the mucous membrane – weakly positive test; 

- dark brown color – positive test. 

The hygienic condition of the oral cavity in patients who use removable dentures on 

implants is one of the decisive factors in the prevention of prosthetic stomatitis and peri-

implantitis. Custom oral hygiene is carried out in a month after prosthetics, then – every 3 

months. 

Recommended terms of examination of patients after implantation according to 

Wismeijer D., Vermeeren J., Waas M. are given in Table 8.2. 

 

 Table 8.2  

Terms of examination of patients after implantation and prosthetics according to 

Wismeijer D., Vermeeren J., Waas M. 

 



Method of examination Timing, frequency of examination 

Panoramic radiography After 6, 12, 24 months 

Hygiene control Every 3 months 

Control of the condition of the removable 

prosthesis 

Every 6 months 

 

  



TESTS FOR SELF-CONTROL 

 

In what year did Strock first implant a screw implant into the socket of an extracted 

tooth? 

1939 

1930 

1940 

1914 

1947 

 

What type of implants was proposed by the Swedish dentist N. Dahl in the early 40s?  

Subperiosteal implant 

Screw implant 

Plate implant 

Endoosseous-subperiosteal implant 

Transradicular implant 

 

Which implant was offered by Branemark in 1965? 

Screw collapsible 

Plate 

Subperiosteal 

Screw non-separable 

Submucosal 

 

Plate implants offered:  

L. Linkow 

Strauman 

Pasquallini 

Strock 

Surov 

 

The organic matrix of bone is called: 

Osteoid 



Osteon 

Hydroxyapatite 

Glucoprotein 

Collagen 

 

Mineralization of the organic bone matrix after injury occurs on:  

10th day 

7th day 

5th day 

14th day 

21st day 

 

Physiological regeneration occurs on the following bone surfaces: 

Periosteal, endosteal and Haversian canal system 

Periosteal 

Endoosseous 

Periosteal and endosseous 

In the Haversian canal system 

 

Bone callus is the result:  

Bone healing by secondary tension 

Physiological regeneration of the bone 

Bone healing by secondary tension 

Contact osteogenesis 

Osteoconduction 

 

Osteointegration occurs as a result: 

Contact osteogenesis 

Remote osteogenesis 

Bone healing by secondary tension 

Physiological regeneration of bone 

Mineralization of the bone matrix 

 



Type of bone according to Lekholm and Zarb in which a thin compact layer surrounds 

a highly developed spongy layer 

type 3 

type 2 

type 1 

type 4 

type 5 

 

A process characterized by a decrease in the total bone mass of a bone organ with a 

decrease in its size is: 

Atrophy 

Osteoporosis 

Osteogenesis 

Osteonecrosis 

Osteomalacia 

 

The process characterized by a decrease in the total bone mass of a bone organ without 

a decrease in its size is: 

Osteoporosis 

Atrophy 

Osteogenesis 

Osteonecrosis 

Osteomalacia 

 

What type of edentulous jaw atrophy according to Lekholm and Zarb is complete 

resorption of the alveolar ridge to the level of the basal jaw? 

C 

A 

B 

D 

E 

 

Titanium is a material: 

Bioinert 



Biomaterial 

Biotolerant 

Bioactive 

Bioneutral 

 

Cobalt-chromium alloy is a material: 

Biotolerant 

Bioinert 

Bioactive 

Bioneutral 

Biomaterial 

 

Hydroxyapatite is a material: 

Bioactive  

Bioinert  

Biotolerant 

Bioneutral 

Biomaterial 

 

Name the local factors that influence the process of osseointegration. 

All of the following are listed 

Congruence of the bone placement area and implant 

Primary stability 

Atraumatic preparation 

Implant material 

 

The essence of the principle of implant isotopy, substantiated by S. Muratori is as 

follows:  

The number of implants to be placed should correspond to the number of roots of 

the missing teeth 

The implant should be placed between two other implants outside the line connecting 

them 

When including one tooth in the prosthetic structure, the best option is to place two 

implants, when including two teeth – one implant 



The number of implants to be placed should correspond to the number of missing teeth 

The number of implants to be placed should correspond to the number of missing teeth 

minus one 

 

The most informative method of radiological diagnostics when planning dental 

implantation is: 

Computed tomography 

Lateral cephalography 

Panoramic radiography 

Magnetic resonance imaging 

Radiovisiography 

 

The choice of shape, design and size of the implant is not determined depending on: 

Patient preference 

Type of adentia 

The design of the prosthesis 

Height and width of bone tissue 

Bone tissue density 

 

To restore the dentition to the first molars in case of complete adentia with fixed 

prosthetics is enough: 

6 implants  

4 implants 

The number of implants is equal to the number of roots of the missing teeth. 

The number of implants is equal to the number of missing teeth. 

8 implants 

 

To restore the dentition to the second molars with complete adentia with fixed 

prosthetics is enough: 

8 implants 

6 implants  

4 implants 

The number of implants is equal to the number of roots of the missing teeth. 

The number of implants is equal to the number of missing teeth. 



 

Prosthetics with distal lengthening involves: 

Placing of implants in the frontal part of the jaw 

Carrying out sinus lift 

Transposition of the lower alveolar nerve 

Augmentation of the lateral parts of the jaws 

All of the above is correct 

 

The factors that influence the determination of the term of exclusion of the implant 

from the function are: 

All are correct 

Type of architectonics 

Option of implant placement in relation to the compact bone layer 

General state of health 

Anatomical situation 

 

Relative contraindications to implantation surgery are 

Exacerbation of chronic diseases 

Diabetes mellitus type II 

Tuberculosis in the active phase 

Chronic diseases in the stage of decompensation 

Mental diseases 

 

To reduce the degree of overheating of the bone can be used: 

all answers are correct 

low speed of rotation of instruments 

cooling solution 

the technique of interrupted preparation 

method of step-by-step preparation with gradation of the instrument 

 

By design, implants are divided into: 

Collapsible and non-collapsible 

Simple and complex 

Cylindrical and plate 



One-stage and two-stage 

Metal and ceramic 

 

Synonymous with the head of implants are: 

Abutment 

Adapter 

Healing abutment 

Transfer 

Healing abutment 

 

The infrastructure of the implant is: 

Body  

Implant abutment 

Abutment 

Implant neck 

Cap screw 

 

What is a cap screw used for during implantation? 

It is placed at the first stage of implantation to close the hole in the implant body 

Used as a fixing screw 

Used for fixation inside the bone 

Used to attach the abutment 

Placed at the second stage of implantation to close the hole in the implant body 

 

Name the function of the abutment: 

It is a supporting and fixing element between the implant body and the prosthesis 

Prevents bone ingrowth into the implant body 

Temporarily placed on the implant to form the gum 

Usually called an implant, it is located inside the bone 

Used to take an impression of the implant to make a working model 

 

Name the purpose of the transfer: 

Used to take an impression from an implant to make a working model 

It is usually called an implant, located inside the bone 



It is a supporting and fixing element between the implant body and the prosthesis 

Temporarily placed on the implant for gum formation 

Prevents bone ingrowth into the implant body 

 

What are the main groups of implants by shape? 

Plate, root and combined implants 

Conical, cylindrical and root-shaped 

Saddle-shaped and cylindrical 

Cone-shaped and screw 

Screw and non-screw 

 

What is the optimal distance between implants: 

3 mm 

2 mm 

4 mm 

5 mm 

1.5 mm 

 

What is the optimal distance between the implant and the root of the adjacent tooth? 

2 mm 

1 mm 

3 mm 

4 mm 

5 mm 

 

During the examination of a 39-year-old man, the dentist determined the height of the 

alveolar ridge to the mandibular canal and the width of its crest, which were 10 mm and 5 mm, 

respectively. What type of dental implantation is most appropriate? 

Endoosseous-plate 

Subperiosteal 

Transmandibular 

Endodonto-endosseous 

Endoosseous screw 

 



Which of the following authors first described the phenomenon of osseointegration of 

implants? 

Branemark 

Keller 

Schroeder 

Linkow 

Ugryn 

 

A 32-year-old patient lost 41 and 31 teeth as a result of a sports injury. Replantation is 

impossible, because these teeth have cracks and chips both on the surface of the crowns and on 

the surface of the roots. After clinical and radiological examination, the possibility of direct 

implantation was determined. Which implants have an advantage in terms of material? 

Titanium 

Does not matter 

Polymeric 

Platinum 

Carbon 

 

A 36-year-old patient with a physiological occlusion after a domestic trauma, which led 

to the formation of a defect in the dentition – Kennedy class IV, limited to 34 and 44 teeth, is 

planned prosthetic intervention to restore the dentition. All other teeth are intact. What is the 

most appropriate design? 

Prosthetics on implants 

Adhesive bridge prosthesis 

Removable bridge prosthesis 

Fixed bridge prosthesis 

Clasp prosthesis 

 

Patient Z., 22 years old, complains of mobility of the bridge in the lateral part of the 

lower jaw on the right, sharp dagger pain when pressing on the prosthesis. The pain spreads to 

the temple, ear and neck. The denture rests on 3 cylindrical implants that were placed 3 years 

ago. What complication is there? 

Penetration of the mandibular canal by implants with injury of the nerve branch 

Exacerbation of chronic osteomyelitis 



Arthritis of the temporomandibular joint 

Neuralgia of the trigeminal nerve 

Acute postoperative neuritis of the trigeminal nerve 

 

Patient D., born in 1950, came for prosthetics of terminal defects of the upper jaw on 

both sides. The defects start from the 13th and 23rd teeth. The last tooth was extracted 3 years 

ago. Before that, the patient used a partial removable prosthesis with chamber fixation on teeth 

13 and 23. Which prosthetic option is the most rational in this case? 

Placing of at least 3 implants of cylindrical design on both sides with further 

fabrication of a prosthetic structure 

Placing of 1 implant of cylindrical design on both sides with the subsequent 

manufacture of an prosthetic structure based on implants and the adjacent tooth 

Placing of 2 cylindrical implants on both sides with further fabrication of an prosthetic 

structure based on implants and adjacent teeth 

Placing of 1 cylindrical implant on both sides with further fabrication of an prosthetic 

structure based on the implant and the adjacent tooth 

Placing of 2 cylindrical implants on both sides with further fabrication of an 

independent prosthetic structure 

 

Patient S., born in 1954, was shown the fabrication of a conditionally removable 

structure on 8 intraosseous implants. The patient has high cosmetic requirements for the future 

prosthesis. What is the most appropriate prosthesis design option? 

Metal-acrylic denture with a gingiva mask and standard sets of teeth 

Metal-ceramic bridge prosthesis 

Acrylic bridge prosthesis 

One-piece bridge prosthesis 

Metal-acrylic bridge prosthesis 

 

Patient D., 62 years old, consulted a prosthodontist with complaints of tooth mobility, 

inability to chew. Objectively: pathological tooth mobility of the III degree. Periodontal disease 

in remission. What method can be used to achieve satisfactory stabilization in this case? 

Transradicular (endodonto-endosal) implantation 

Use of a removable splint 

Clasp prosthesis with splinting elements 



Fabrication of the Mamlok`s splint 

Temporary ligature binding 

 

A 42-year-old patient complained of missing 26th tooth. The teeth bordering the defect 

are intact. What examination is necessary to decide on implantation? 

Radiography 

Determination of the degree of compliance of the mucous membrane 

Masticatory harping 

Anamnesis of the disease 

Study of diagnostic models of jaws 

 

A 50-year-old patient in the prosthetic department was offered to perform dental 

implantation surgery. What is the purpose of this operation? 

The following dental prosthetics 

Fixation of central occlusion 

Elimination of aesthetic discomfort 

Prevention of teeth tilt 

Prevention of cellular atrophy 

 

A 45-year-old patient was made a bridge prosthesis connected with a screw post to the 

implant. What is the role of the screw connection? 

Providing the possibility of removing the structure 

Possibility of load adjustment 

The irrationality of such a connection 

Creating a stronger connection 

Increasing hygienic qualities 

 

A 57-year-old patient had a bridge prosthesis made using an implant. The prosthesis is 

connected to the implant with a screw pin. This provides the possibility of removing the 

prosthesis. What is the main purpose of removing the prosthesis? 

For professional supragingival cleaning of the implant and metal-ceramic 

structure 

For processing of the bridge structure 

For professional cleaning of the bridge structure 



For implant replacement 

For professional cleaning of the supragingival part of the implant 

 

Endosseous (intraosseous) cylindrical, screw implants of Branemark design have 

become the most common in medical practice due to the shape close to the root of the natural 

tooth. What biologically inert materials are these implants made of? 

Titanium 

Silver-palladium alloy 

Polymethyl methacrylate 

Silver alloy of 900 sample 

Stainless chromium-nickel steel 

 

Patient V., 36 years old, applied to the clinic of Prosthodontics for prosthetics. 

Objectively: the absence of the 12th tooth. The teeth that limit the defect are intact. The alveolar 

ridge in the area of the 12th tooth is of insufficient height and thickness. What should the dentist 

do to create the right conditions for the placing of an osseointegrated implant? 

Carry out bone grafting of the alveolar ridge with simultaneous or delayed 

implant insertion 

Perform a gingivectomy operation 

Perform osteosynthesis surgery 

Perform sinus lift surgery 

Perform gingivectomy surgery 

 

Patient S., 43 years old, came to the clinic of Prosthodontics for prosthetics. The 

objective examination revealed: the absence of 23 teeth, the defect is limited to healthy teeth. 

The patient categorically refuses to have his teeth prepared. There are no contraindications to 

implantation. What method of prosthetics is the most rational in this case? 

Fabrication of a ceramic crown supported on an osseointegrated implant 

Cantilever bridge prosthesis 

Bridge prosthesis with support on combined Belkin crowns 

Bridge prosthesis with support on metal-ceramic crowns 

Bridge prosthesis with support on crowns according to Borodyuk 

 



Patient N., 36 years old, after an injury to the dentition of the upper jaw in the frontal 

area, the dentist decided to remove 11, 21 teeth, followed by implantation of titanium implants. 

What are the optimal terms of implant placement? 

Implants are placed directly into the sockets of the newly extracted teeth 

Implants are placed 1.5 months after tooth extraction 

Implants are placed 3 months after tooth extraction 

Implants are placed 3 days after tooth extraction 

Implants are placed 1 year after tooth extraction 

 

Patient G., 62 years old, with a complete absence of teeth in the lower jaw, underwent 

prosthetics supported by implants and was recommended to undergo control examinations by 

a prosthodontist. What is their frequency? 

2 times a year 

1 time per year 

3 times a year 

1 time in half a year 

4 times a year 

 

Patient D., 46 years old, came to the clinic with a defect of the dentition on the upper 

jaw. During the examination of the patient, it was found – the absence of the central incisor on 

the left, the distance from the top of the ridge to the bottom of the oral cavity is 16 mm, the 

width of the ridge is 9 mm. What implant is indicated for this patient? 

Cylindrical titanium 

Full subperiosteal 

Intraosseous lamellar 

Endodonto-endoosseous 

Partial subperiosteal 

 

A 50-year-old patient is planned to have a bridge prosthesis supported by implants to 

replace the defect of the lower dentition. On the radiograph: the height of the bone mass from 

the projection of the mandibular canal to the apex of the alveolar ridge is 2 cm. What type of 

implant is most indicated? 

Screw implant 

Subosseous 



Leaf-shaped 

Cone-shaped 

Endodonto-endoosseous 

 

Patient K., 22 years old, applied to the clinic of prosthodontics for the absence of 21 

teeth, 11 and 22 teeth are intact. What design is most appropriate in this case, if 2 months have 

passed since the extraction of the 22nd tooth? 

Two-stage implantation 

One-stage implantation with simultaneous fabrication of a metal-ceramic crown 

Partial removable prosthesis 

Stamped-soldered prosthesis with support for 11 and 22 teeth 

Metal-plastic prosthesis with support for 11 and 22 teeth 

 

Patient S., 30 years old, private entrepreneur, came for prosthetics. Previously, 

prosthetic treatment was not carried out. Objective: The dentition of the upper jaw is 

continuous. On the lower jaw there is a defect of the dentition II class according to Kennedy 

with shortening of the dental arch on the right to 44, the rest of the teeth are intact. The bite is 

orthognathic. What is the most rational prosthesis design in this case? 

Bridge prosthesis supported by implants 

Clasp prosthesis with clasp fixation 

Clasp prosthesis with telescopic fixation 

Small saddle denture with a supporting and retaining clasp 

Cantilever fixed prosthesis 

 

A 47-year-old patient with a complete absence of teeth in the upper jaw underwent a 

remote implantation operation using cylindrical implants. Prosthetics is advisable after: 

5-6 months 

1 day 

2 weeks 

1 month 

3 months 

 

A 45-year-old patient came to the prosthetic department for partial adentia of the 

mandible in the lateral region. The patient categorically refuses to prepare the abutment teeth. 



Which examination method is the most informative for the choice of surgical technique and 

further prosthetics? 

Computed tomography 

Palpation 

Targeted radiography 

Cephalometric radiography in lateral projection 

Panoramic radiography 

 

A 61-year-old patient complained of complete absence of teeth in the upper jaw. 

Objectively: complete atrophy of the upper jaw, type III by Schroeder. According to the CT 

scan, the bone thickness is less than 3 mm, the distance from the crest of the alveolar ridge to 

the bottom of the maxillary cavity is 2-3 mm. What type of implantation should be used if the 

patient insists on fixed prosthetics?  

Subperiosteal 

Submucosal 

Endoossal 

Endodonto-endoosseous 

Intra-mucosal 

 

Patient M., 45 years old, was shown prosthetics with a bridge prosthesis supported by 

implants. In preparation for prosthetic treatment, two-stage intraosseous screw implants were 

implanted in the area of teeth 34 and 36. What period of time is required for the integration of 

implants in this patient? 

Three months 

Two weeks 

Ten months 

Six months 

One year 

 

A 63-year-old patient came to the clinic of dental implantology with complaints of 

complete absence of teeth in the upper jaw. The patient was denied implantation due to the 

presence of a general absolute contraindication. What was it? 

Uncompensated form of type I diabetes mellitus 

Gastritis 



Cholelithiasis 

Chronic bronchitis 

Hypertension of the first degree 

 

A 61-year-old patient came to the clinic of Prosthodontics with complaints of 

unsatisfactory fixation of a complete removable denture on the lower jaw. Objectively 

complete atrophy of the alveolar process of the lower jaw II class according to Keller. On the 

radiograph: the distance from the crest of the alveolar ridge to the mandibular canal is 5 mm. 

Which design is most suitable for this patient? 

Removable prosthesis with fixation on 2 implants located in the intermental space 

Conditionally removable bridge with fixation on 6 implants 

Removable denture made according to the traditional method 

Removable denture with reinforcement of the base 

Arc prosthesis 

 

A 50-year-old patient complained of unsatisfactory fixation of a complete denture on 

the lower jaw, cosmetic and phonetic defect. After further examination, the diagnosis was 

made: edentulous lower jaw type III according to Keller, edentulous upper jaw type II 

according to Schroeder. Supple class 2 mucous membrane compliance. Loss of chewing 

efficiency 100% according to Agapov. On the radiograph: the distance from the crest of the 

alveolar ridge to the mandibular canal is less than 5 mm. The bone type is B3. What prosthesis 

design should be recommended to the patient? 

Removable prosthesis with fixation by means of a beam structure on 4 implants 

Conditionally removable prosthesis with fixation on 6 implants 

Fabrication of a complete removable denture with a soft layer 

Fabrication of a complete removable denture with base reinforcement 

Arc prosthesis 

 

A 70-year-old patient complained of unsatisfactory fixation of a complete removable 

denture on the lower jaw, cosmetic and phonetic defect. After further examination, the 

diagnosis was made: edentulous mandible type II according to Keller, edentulous maxilla type 

II according to Schroeder. Supple class 2 mucous membrane compliance. Loss of chewing 

efficiency 100% according to Agapov. Bone type in the frontal B3. How soon after 

implantation should prosthetics be performed?  



In 2-3 months 

In six months 

In 14 days 

After 1 year 

Immediate prosthetics 

 

A 59-year-old female patient came to the clinic of Prosthodontics with complaints of 

unsatisfactory fixation of a complete denture on the lower jaw. Objectively complete atrophy 

of the alveolar process of the lower jaw II class according to Keller. On the radiograph: the 

distance from the crest of the alveolar ridge to the mandibular canal is less than 6 mm. What is 

the minimum number of implants recommended for the lower jaw? 

Two 

One 

Three 

Four 

Six 

 

A 67-year-old patient complained of complete absence of teeth in the upper jaw. 

Objectively: complete atrophy of the upper jaw, type III by Schroeder. According to CT data, 

the distance from the crest of the alveolar ridge to the bottom of the maxillary cavity is 3 mm 

on the right and left. What is the minimum number of implants recommended for the upper 

jaw? 

Four 

Two 

Six 

Eight 

Five 

 

A 68-year-old patient with complaints of poor fixation of a complete removable denture 

on the lower jaw turned to the clinic of Prosthodontics. Objectively: complete uniform atrophy 

of the alveolar ridge, thin and dry mucosa. A history of insulin-independent diabetes. What 

treatment should be chosen for this patient? 

Removable prosthesis for the lower jaw with fixation on two implants 

Conditionally removable prosthesis with fixation on 6 implants 



Fabrication of a complete removable denture with a soft layer 

Fabrication of a complete removable denture with reinforcement of the base 

Arc prosthesis 

 

An occlusal surgical template is necessary for planning and subsequently placing 

implants, as it makes it possible: 

All of the following factors 

Center the implant axis in relation to the occlusal surface of the future suprastructure 

Calculate the length and width of the implant 

Calculate the size and shape of the abutment 

Estimate the relief of the occlusal surface of the future superstructure 

 

A 67-year-old patient with complete absence of teeth in the lower jaw has a cast metal 

beam supported by 4 fixed implants located in the intermental space. What kind of impression 

should be taken? 

An impression from a beam not fixed on implants 

Impression from a beam fixed on implants 

Impression from the screwed beam to the implants 

Anatomical impression from implants 

Functional impression from implants 

 

A patient, 70 years old, came to the clinic of Prosthodontics with complaints of 

unsatisfactory fixation of a complete denture on the lower jaw. Objectively complete atrophy 

of the alveolar process of the mandible II class according to Keller. On the radiograph: the 

distance from the crest of the alveolar ridge to the mandibular canal is less than 6 mm. What is 

the minimum number of implants recommended to be placed on the lower jaw for the 

manufacture of a prosthesis with fixation on spherical abutments? 

Two 

One 

Three 

Four 

Six 

 

Spherical abutments are used for: 



When prosthetics of edentulous jaws with removable structures supported by 

implants 

In prosthetics of edentulous jaws with fixed structures supported by implants 

When prosthetics of edentulous jaws with conditionally removable structures with 

support on implants 

In prosthetics of edentulous jaws with screw-retained structures supported by implants 

In prosthetics of edentulous jaws with cemented structures supported by implants 

 

A patient, 75 years old, came to the clinic of Prosthodontics with complaints of 

unsatisfactory fixation of a complete removable denture on the lower jaw. Objectively 

complete atrophy of the alveolar process of the lower jaw type II by Keller. What is the most 

appropriate treatment plan? 

Placing of two implants with spherical abutments 

Placing of one implant with a spherical abutment 

Fabrication of a complete removable denture with a shortened base 

Fabrication of a complete removable denture with an elastic base 

Fabrication of a complete removable denture with a metal base 

 

A 65-year-old patient with a complete absence of teeth in the lower jaw has 2 implants 

in the intermental space with spherical abutments. What kind of prosthesis should be made?  

With a rigid base with matrix fixation 

Removable denture with an elastic base 

Removable denture with a metal base and ceramic teeth 

Covering denture 

Metal-ceramic bridge prosthesis 

 

A 55-year-old patient came to the clinic of dental implantology with complaints of 

complete absence of teeth in the upper jaw. The patient was denied implantation due to 

contraindication. What was it? 

Taking bisphosphonates 

Taking antihypertensive drugs 

Taking glucocorticoids 

Taking antidepressants 

Taking antihistamines 



 

A 48-year-old patient complained of slight pain and swelling in the area of the implant. 

Objectively: limited edema and hyperemia, fistula in the area of the mucous membrane 

covering the intraosseous element. X-ray shows resorption along the implant-bone interface. 

What diagnosis was made to the patient? 

Peri-implantitis of I-II degree  

Mucositis 

Hyperplasia of the mucous membrane of the gingival cuff 

Peri-implantitis of the III degree 

Peri-implantitis of the IV degree 

 

A 48-year-old patient complained of pain and mobility of the implant in the area of the 

25th tooth 14 days after its placing. Objectively: limited edema and hyperemia, implant 

mobility. X-ray shows a zone of destruction up to 1 mm around the perimeter of the implant. 

What complication can be diagnosed in a patient? 

Implant rejection 

Mucositis 

Hyperplasia of the mucous membrane of the gingival cuff 

Peri-implantitis of the III degree 

Peri-implantitis of the IV degree 

 

A 48-year-old patient complained of pain and mobility of the implant in the area of the 

36th tooth 14 days after its placing. Objectively: limited edema and hyperemia, implant 

mobility. Radiologically, a zone of destruction up to 1 mm along the perimeter of the implant 

is determined. What is the treatment tactics for this complication? 

Removal of the implant and revision of the bone defect formed in its place 

Place a gingival cuff shaper 

Revision of the bone pocket, treatment and detoxification of the implant surface, filling 

the bone pocket with osteoconductive material  

Start prosthetics  

Prescription of anti-inflammatory and antibiotic therapy 

 

A 36-year-old patient complained of slight pain and swelling in the area of the implant. 

Objectively: limited edema and hyperemia, fistula in the area of the mucous membrane 



covering the intraosseous element. Radiologically, resorption along the implant-bone interface 

is determined. What is the treatment tactics for this complication? 

Removal of the plug, wound washing, placing of a gingival cuff shaper 

Removal of the implant and revision of the bone defect formed in its place 

Revision of the bone pocket, treatment and detoxification of the implant surface, filling 

the bone pocket with osteoconductive material  

Start prosthetics  

Prescription of anti-inflammatory and antibiotic therapy 

 

A 35-year-old patient complained of slight pain and swelling in the area of the implant 

in the area of the 11th tooth. Objectively: limited edema and hyperemia, fistula in the area of 

the mucous membrane covering the intraosseous element. X-ray shows resorption along the 

implant-bone interface. What diagnosis was made to the patient? 

Peri-implantitis of I-II degree  

Mucositis 

Hyperplasia of the mucous membrane of the gingival cuff 

Peri-implantitis of the III degree 

Peri-implantitis of the IV degree 

 

A 56-year-old patient presented with complaints of constant aching pain in the area of 

the implant, which appeared 3 days after surgery. Anti-inflammatory therapy had no effect. 

After 2 weeks the implant became mobile. What is the treatment tactics for this complication? 

Removal of the implant and revision of the bone defect that formed in its place 

Place a gingival cuff shaper 

Revision of the bone pocket, treatment and detoxification of the implant surface, filling 

the bone pocket with osteoconductive material  

Start prosthetics  

Prescribing anti-inflammatory and antibiotic therapy 

 

A 45-year-old patient was invited for professional hygienic treatment, which included 

removal of deposits from dentures and teeth while maintaining the cleanliness of the polishing 

of the necks of the implant abutments. How often is it necessary to carry out professional 

hygienic treatment? 

1 time per year 



2 times a year 

1 time in 3 months 

1 time per month 

1 time in two years 

 

A 59-year-old patient with a complete absence of teeth in the upper jaw has 6 implants 

placed using a two-stage technique and subsequent manufacture of a fixed structure. What 

material is used for fixing fixed prostheses on implants? 

Glass-ionomer cements 

Polycarboxylate cements 

Photopolymer materials  

Alloplastic materials 

Osteotropic materials 

 

A 58-year-old patient with a complete absence of teeth in the upper jaw has 6 implants 

placed using a two-stage technique and subsequent manufacture of a temporary, provisional 

structure. What method of fixing temporary structures is used in such cases? 

Screw fixation 

Cement fixation 

Removable fixation 

Intraoral fixation 

Extraoral fixation 

 

Patient D., 64 years old, came to the clinic of Prosthodontics with complaints of 

unsatisfactory fixation of a complete removable denture on the lower jaw. She had been using 

a full removable denture for over 16 years. Concomitant pathology: hypertension, glaucoma, 

erosive ulcerative colitis. Objectively: complete atrophy of the alveolar process of the lower 

jaw II class according to Keller, B2 class of bone architectonics. On the upper jaw – a complete 

removable prosthesis that meets the requirements. On the radiograph: the distance from the 

crest of the alveolar ridge to the mandibular canal is 5 mm. Which design is most suitable for 

this patient? 

Removable prosthesis with fixation on 2 implants located in the intermental space 

Conditionally removable bridge with fixation on 6 implants 

Removable denture made according to the traditional method 



Removable denture with reinforcement of the base 

Removable denture with a soft base 

 

A 67-year-old patient with a complete absence of teeth in the lower jaw is shown the 

manufacture of a removable denture supported by implants. What are the advantages of 

removable structures with implant support? 

All of the following factors 

Provide adequate support for the removable prosthesis 

Simple in technological execution 

Provide adequate support for soft tissues 

Easy to carry out oral hygiene 

 

The patient, 40 years old, applied for prosthetics of the defect of the dentition of the 

lower jaw II class according to Kennedy. Missing 44, 45, 46, 47 teeth. The bone is well 

preserved, atrophy is insignificant. What is the most rational treatment plan? 

Implantation in the area of 44, 46, 47 teeth and subsequent prosthetics in 2 months 

Fabrication of a nylon clasp prosthesis 

Fabrication of a CRLD with chamber fixation 

Bone augmentation with subsequent implantation in 6 months 

Fabrication of a micro prosthesis 

 

The patient is 50 years old, missing 15, 14 teeth. After X-ray examination it was 

established: III class of bone architectonics. After what time should the second stage of 

implantation be carried out in case of favorable wound healing? 

4-6 months 

1-3 months 

10-12 months 

More than 1 year  

After 2 weeks 

 

Who proposed a conditionally removable structure fixed on four implants – "all on 

four"? 

P. Malo  

I. Branemark 



L. Linkow 

V. Paraskevich 

P. Pasqualini 

 

A 58-year-old patient with a complete absence of teeth was offered the manufacture of 

a conditionally removable prosthesis with fixation on implants. The disadvantages of these 

designs include: 

All the listed factors 

Relative labor intensity of dental technical works  

Increased cost of prosthetics due to the complexity and mandatory use of auxiliary 

components of implants 

The need for "maintenance" – replacing fillings, tightening screws 

Difficulty in carrying out oral hygiene 

 

The criteria for the effectiveness of implants include: 

All of the following factors 

Lack of implant mobility 

Bone loss in the first year of functioning 1.49 – 1.5 mm and further bone loss of 0.1 

mm per year 

Absence of pain, inflammation, paresthesia in the implant area, bleeding of the implant-

gingival junction  

95% success rate for 5-year use of implantation 

 

To choose the method of prosthetics with implant support in case of complete jaw 

adentia, you need to focus on the following criteria: 

All listed factors 

Anatomical and topographical conditions (availability of space for the location of the 

fixation system in the prosthesis, features of antagonists) 

Length and diameter of implants 

Patient's wishes regarding the rigidity of fixation and mobility of the prosthesis 

Healing period  

 

A 56-year-old patient had 3 fixed implants placed in the areas 34, 35, 36. What method 

of taking impressions was used in this case? 



Closed tray technique from the abutment level using transfer modeling caps 

Open tray technique from the implant level 

Closed tray technique from the implant level 

Conventional impression taking 

Combined technique 

 

In a patient, 28 years old, for obtaining an impression by the method of an open tray 

from the level of the implant in the area of 45 tooth was used?  

Transfer for an open tray 

Abutment 

Gingival cuff shaper 

Cap screw 

Analogue of the implant 

 

A 56-year-old patient had 3 implants placed in the lateral part of the upper jaw on the 

right. What techniques were used to take the impression? 

Open and closed tray 

Anatomical impressions 

Functional impressions 

Compression impressions  

Differential impressions 

 

A patient, 47 years old, received an impression using the open tray method from the 

implant in the area of the 34th tooth. Where is the transfer left when taking an impression using 

this technique? 

In the impression tray 

Attached to the implant in the oral cavity  

In the prosthesis 

On bite rollers 

On the model 

 

A 37-year-old patient received an impression using the closed tray method from the 

implant in the area of the 46th tooth. Where does the transfer remain when taking an impression 

using this technique? 



Attached to the implant in the oral cavity 

In the impression tray 

In the prosthesis 

Not used at all 

On the model 

 

The patient, 46 years old, received an impression using the open tray method from the 

implant in the area of the 36th tooth. The impression should be taken in two stages: 

In one step with a custom tray 

In two stages 

With the use of bite rollers 

With the use of a parallel surveyor 

With the use of a facial arch 

 

A patient, 56 years old, has 3 implants placed in the lateral part of the lower jaw on the 

left side using a two-stage technique and subsequent manufacture of a fixed structure. What 

material is used for fixing fixed prostheses on implants? 

Glass-reinforced cements 

Polycarboxylate cements 

Photopolymer materials  

Alloplastic materials 

Osteotropic materials 

 

The patient is 36 years old; an implant was placed in the area of the 46th tooth using a 

two-stage technique. After what period should the gingival cuff shaper be placed? 

In 2-3 months 

In 2-3 weeks 

In half a year 

After 1 year 

During implantation 

 

The patient is 43 years old; an implant was placed in the area of 26 tooth by a two-stage 

technique. What part of the implant system is used to form the gingival margin? 

Healing abutment 



Laboratory analogue 

Straight abutment 

Angle abutment 

Transfer 

 

A 35-year-old patient has an implant in the area of the 15th tooth using a two-stage 

technique. What part of the implant system is used to fix the prosthetic structure? 

Abutment 

Cap screw 

Healing abutment 

Transfer  

Laboratory analogue 

 

The patient is 43 years old; implant was placed in the area of 36 tooth, bone type B-II. 

The implant has good primary stability. The patient's oral hygiene is good. When is it necessary 

to carry out immediate loading? 

The first 48 hours after surgery 

The first week after implantation 

The first two weeks after implantation 

During the first month after implantation 

Within 20 days after implantation 

 

A 48-year-old patient is missing 45 and 46 teeth. Is it possible to place one implant in 

the area of 46 tooth and combine it with the intact 44 tooth into one prosthetic structure? 

It is not recommended 

Combination is mandatory 

Possible only with cement fixation 

Possible only with screw fixation 

Possibly with beam structures 

 

The patient, 23 years old, applied for prosthetics of the defect of the dentition of class 

IV according to Kennedy. Absence of 21 teeth. The bone is preserved in full. What treatment 

plan should be chosen? 

Implantation and immediate prosthetics 



Prosthetics with a fixed metal-ceramic prosthesis with support for 11 and 22 teeth 

Prosthetics with a nylon micro prosthesis 

Fabrication of an adhesive bridge prosthesis 

Prosthetics with a clasp prosthesis 

 

The patient is 40 years old; an implant was placed in the area of the 26th tooth using a 

two-stage technique. In the manufacture of a collapsible model for milling the abutment is 

required: 

Implant analogue 

Healing abutment 

Straight abutment  

Angle abutment  

Protective cap 

 

The patient contacted the clinic about the future implantation in the area of 35 tooth. 

What additional examination should the patient undergo to decide on the possibility of 

implantation? 

Computed tomography 

MRI 

Electroodontodiagnostics 

Occlusography 

Electromyography 

 

A 46-year-old patient came to the clinic of Prosthodontics for the purpose of prosthetics 

of the defect of the dentition of the upper jaw IV class according to Kennedy. Missing 11, 21 

teeth. The bone in the implantation area is atrophied on the vestibular side. What type of 

implants should be offered? 

Collapsible screw implants 

Subperiosteal implants 

Insert implants 

Biodesign implants 

Endodonto-endoosseous implants 

 



A patient, 48 years old, came to the clinic of dental implantology with complaints about 

the mobility of a bridge structure supported by two implants and 44 tooth, which limits the 

final defect of the dentition in the lower jaw. X-ray examination revealed: significant bone 

changes around the implants in the form of large areas of resorption. What is the probable cause 

of implant mobility? 

Inclusion of an intact tooth in the prosthesis as a support 

Use of implants with small length and diameter 

Unsatisfactory oral hygiene 

Failure to take into account contraindications to implantation 

Incorrectly determined number of implants 

 

Patient D., 32 years old, came to the clinic with complaints about the absence of the 

36th tooth. Objectively: the distance between the contact surfaces of 35 and 37 teeth is 10 mm, 

the thickness of the alveolar ridge is not more than 8.5 mm. According to radiography: the 

distance from the alveolar ridge to the mandibular canal is 15 mm. What implant dimensions 

should be chosen in this clinical situation? 

L=12 mm, d=4.2 mm 

L=14 mm, d=3.75 mm 

L=10 mm, d=3 mm 

L=8 mm, d=5 mm 

L=16 mm, d=4.2 mm 

 

The patient is 48 years old, missing 25, 24 teeth. After X-ray examination it was 

established: III type of bone architectonics. After what time should the second stage of 

implantation be carried out in case of favorable wound healing? 

4-6 months 

1-3 months 

10-12 months 

More than 1 year  

After 2 weeks 

 

Patient D., 51 years old, came to the clinic with complaints of missing 46th tooth. 

Objectively: the thickness of the alveolar process in the area of the missing 46th tooth is 9 mm, 



the mesiodistal distance is 13 mm. What number of implants should be placed in the patient to 

replace the defect, taking into account the Muratori rule – "implant isotopy"? 

2 

1 

3 

4 

0 

 

Patient K., 45 years old, has a unilateral distally unrestricted defect of the dentition n/a, 

ending with the 33rd tooth. What design can be offered to him, if he categorically refuses a 

removable prosthesis? 

One-piece bridge with support on 33 tooth and implants 

Stamped-soldered cantilever bridge with support for 32, 33 teeth 

One-piece cantilever bridge with support for 32, 33 teeth 

Adhesive bridge prosthesis 

Bridge prosthesis with telescopic fixation for 32, 33 teeth 

 

A 55-year-old patient is planned to have a bridge supported by implants to replace the 

defect of the lower dentition. On the radiograph: the height of the bone mass from the projection 

of the mandibular canal to the apex of the alveolar ridge is 12 cm. What type of implant is most 

indicated? 

Screw implant 

Subosseous 

Leaf-shaped 

Cone-shaped 

Endodonto-endoosseous 

 

A 46-year-old patient underwent implantation using a two-stage technique in the area 

of the 36th tooth. For how many days should the gingival cuff shaper be placed?  

For 14 days 

For 7 days 

For 2 days 

For 21 days 

For 1 month 



 

Patient C, 46 years old, applied to the clinic of Prosthodontics for prosthetics. 

Objectively: 35th tooth is missing. The teeth that limit the defect are intact. What should be the 

minimum mesiodistal distance for the placement of one implant? 

7 mm 

5 mm 

10 mm 

2 mm 

All answers are correct 
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