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Dental implantology has an important role in the act of healing in dental care. However it is not an absolute necessity in prostethic dentistry and oral rehabilitation of our patients, yet it is becoming more and more used and adopted by dentists. In the past 50 years it has been evolving most dynamically among other branches of dental sciences. Practically, it is based on the osseointegration of the titanium alloy dental implant placed inside the mandibular or maxillary alveolar crest. The principle of osseointegration was first introduced by P.I. Bränemark and it means that osseous tissue tends to overgrow the surface of the titanium implant, coming in close intimicy with it. Having no periodontal ligaments, which serve also as shock-absorbing sistem, functional and masticatory forces are transmitted directly by the dental implant over the alveolar ridge without any protection of the surrounding osseous tissue from overload, microfracture and consequent resorption. Although there were several attempts to induce periodontal ligament-like tissue formation near the dental implants, their success rate were inacceptibly low from clinical point of view. According to several reviews and meta-analysis of literature, it seems that the most predictable phase of implant dentistry is limited only at the surgical phase. The long term succes of dental implants is highly influenced by their biomechanical behaviour, load transfer and the implant surrounding osseous tissue reactions to local mechanical tensions.


The present work is aimed to bring new information in the field of dental implant biomechanics by a comprehensive description and characterization of force distribution and peak tension accumulation inside it’s fixating substrate. 

Besides, one of the main objectives was the implementation of Video Image Correlation method in dental implants optimization from stress-strain point of view.

 The general part of the thesis includes the description of osseointegration of dental implants, periimplant bone resorption and remodelling, caused by dental implant biomechanics, and modern experimental investigation methods of stress-strain distribution.

Chapter 1 evaluates the main criterias of dental implant osseointegration, and their long term succes rates based on data found in literature.
 Chapter 2 focuses on the process of periimplant bone loss, and implant failure rates. It also discusses the main causes of bone loss, grouping them in function of the period of it’s appearance, trying to evaluate the importance of biomechanical factors. Another part of this chapter is meant to investigate the main factors which influence dental implant boomechanics, and force transmission and dispersion inside the osseous tissue.

Chapter 3 includes the classification and short characterisation of the advanteges, disadvantages, and application in dentistry of some modern experimental investigation methods. There are discussed more extensivly the Holographic Speckle-Pattern Interferometry (ESPI-Sherography) and Video Image Correlation, both being optical, non distructive, great precisity methods, implied in dental research by the author.

 The personal contribution of the work includes clinical and experimental studies.

 The first study is a clinical retrospective, descriptive evaluation of periimplant bone loss based on digital rediograph analysis 6 months and 18 month postoperatively, including a toatal number of 29 dental implants from the same producer, inserted in 16 healthy patients. The aim of this study was to investigate the quantity of bone resorption caused by the biological width formation, and after the first year of functional loading, from biomechanical point of view.

The second study is made on the implementation of VIC method in implant dentistry, and the original experimental conditions, developed by the author.

The third study is an experimenatal study of stress-strain distibution inside the dental implants fixating substrate in function of the angulation and value of applied forces on the dental implants. The implants were inserted in proportional, human-like plastic mandibules, made with rapid prototyping method.

The last study is an experimental evaluation of dental implant biomechanics, concerning the number, the distance between two impants, and their alignement, inserted in fotoelastic sheets, by means of VIC.


GENERAL CONCLUSIONS
Bone resorption due to biological width formation over the studied cases was around 0,7mm, and due to functional loading around 0,52mm at the end of the first year. Bone resorbtion due to functional loading was significantly higher in case of single tooth implants than in case of splinted implants.


The VIC experimental method has prooved to serve accurate information over stress-strain distribution of the fixating substrate. Being an optical method it does not interviene over the analysed phenomenon, measuring the displasement-field with the precision of microns.  
In each investigated case, there were peak-tensions observed inside the fixating substrate, located at the neck-area of the dental implants, premise of bone resorption existing at this level.

Force angulation and mgnitude has great influence over the stress-strain distibution inside the fixating substrate, most optimal when loading with axial forces. 

The type of stress distibution is constant even in case of vertical reduction of the fixating substrate.

Stresses around the fixating substrate are less when greater number of implants are loaded simultaniously than a single implant.

Greater distance between two implants loaded simultaniously decreases stresses inside the fixating substrate, in defavour of the dental implant’s exostructure.

Tripodistic alignement of dental implants is less advantegeous then linear placement from biomechanical points of view. 


The obtained results agree with other experiments on dental implants, obtained with experimental VIC method, and also Finite Element method.


Theese in vitro studies serve useful input data for further Finte Element simulations, but cannot fully agree with in vivo conditions. 
