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Summary 

FULL MOUTH REHABILITATION IN DENTAL IMPLANTOLOGY 

Teeth are designed to endure a lifetime, but often patients lose teeth partially or completely 

because of causes such as dental caries, periodontal problems, accidental traumas, etc. 

Therefore, replacing missing teeth is important for the patient's general health as well as to the 

health of his/her other teeth. Not only does the patient lose chewing ability when a tooth is 

lost, but it can also cause other teeth to be lost, tiped or crowded and create subsequent 

problems if it is not replaced.  

With the advancements in dental science and public awareness of better dental treatment 

options, a dental implant should always be considered as an option for replacing a failing or 

missing tooth. The replacement of lost teeth with dental implants has been in use for more 

than 50 years and is recognized as an effective treatment choice. Many studies and clinical 

trials worldwide have shown that the dental implant is considered more predictable than the 

conventional bridgework, resin-bonded bridges and endodontic therapy. Often, the patient is 

faced with a difficult decision in choosing whether to insert dental implants to replace one or 

more missing teeth. However, clinical studies have shown a very high success rate for dental 

implants of around 90-95% on an average. These figures do vary according to the part of the 

mouth that is being treated. Due to lower bone density and sinus pneumatization, the upper 

jaw has been and continues to be, more difficult to be treated than the lower jaw, which is 

reflected in the success rates of clinical studies. 

Therefore, the aim of this paper is to present the process of dental reconstruction and 

rehabilitation, while satisfying all the related factors, including the health of the periodontium, 

vertical dimension, freeway space, balanced functional occlusion and the esthetic 

requirements. 

Keywords: full mouth rehabilitation, implants, dental implantology, treatment, teeth 



Sažetak 

ORALNA REHABILITACIJA U DENTALNOJ IMPLANTOLOGIJI 

Trajni zubi trebaju trajati cijeli život, ali često pacijenti gube zube djelomično ili u potpunosti 

zbog uzroka kao što su zubni karijes, parodontni problemi, traume i slično. Nadoknada zubi 

koji nedostaju je vrlo važna za opće zdravstveno stanje pacijenta, kao i za zdravlje ostalih 

zubi. Pacijent ne samo da gubi žvačnu funkciju kada izgubi zub, nego to može prouzročiti 

gubitak, naginjanje ili kompresiju ostalih zuba i stvoriti dodatne probleme.  

Napredak u dentalnoj medicini i svijesti javnosti o boljim mogućnostima zbrinjavnaja zuba, 

omogućio je da se dentalni implantat može razmatrati kao mogućnost nadomještanja zuba. 

Zamjena izgubljenih zuba implantatima se koristi više od 50 godina i prepoznat je kao 

učinkoviti izbor terapije. Mnoga istraživanja i klinička ispitivanja širom svijeta su pokazala da 

se dentalni implantat smatra predvidljivijim od konvencionalnih mostova, adhezivnih 

mostova i endodontske terapije. Često se pacijent suočava s teškom odlukom pri odabiru 

terapije implantatima. Međutim, kliničke studije su pokazale vrlo visoku stopu uspješnosti 

zubnih implantata od oko 90-95% u prosjeku. Ove brojke se razlikuju ovisno o dijelu usne 

šupljine. Zbog razloga poput smanjene gustoće kostiju, i pneumatizacije sinusa, gornja čeljust 

je bila i ostaje teža za tretiranje nego donja čeljust, što se odražava na stopi uspjeha. Stoga je 

cilj i napor rekonstrukcija i rehabilitacija cjeline, zadovoljavajući sve povezane čimbenike, 

uključujući zdravlje parodonta, vertikalnu dimenziju i slobodni prostor, uravnoteženu 

funkcionalnu okluziju i estetske zahtjeve.  

Ključne riječi: oralna rehabilitacija, implantati, dentalna implantologija, terapija, zubi.  
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Abbreviations 

FAIR - Full – arch implant rehabilitation 

BRONJ – Bisphosponate-related osteonoecrosis of jaw 

AIDS/HIV – Acquired Immune Deficiency Syndrome/Human immunodeficiency virus 

BIC – bone -  implant contact  

mm – Millimeter 

CT – computer tomography 

DICOM - Digital images and communications in medicine  

GBR - Guided bone regeneration 

FDBA - freeze dried bone allograft 

DFDBA - decalcified and freeze dried bone alograft  

rHBGF - Recombinant human bone growth factor 

rHPDGF- recombinant human platelet-derived growth factor 

BAM – resorbable membranes 

NAM – non – resorbable membranes 

FDP – fixed dental prothesis 

Ncm – Normal cubic meter 

PSI – pounds per square inch 

 

 

 

 

 



Argjend Haxhosaj, poslijediplomski specijalistički rad 

1 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. INTRODUCTION 
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In order for the clinical application of dental endosseous implants to be effective in the long 

run, an appropriate type of biological bonding between the implant and the bone is required. 

This process was defined as an osseointegration by Brånemark et al. (1). Many researchers 

around the world have investigated this procedure and concluded that there is a functional 

stability of the endosseous between the implants and the bone (2). 

In order to cure edentulous or partially edentulous patients with endosseous implants, 

treatment by several doctors or a team of doctors, including an implant surgeon, restorative 

dentist, and dental laboratory technicians required. The way in which patients experience 

aesthetic and functional results partially measures the success of the implant placement. When 

it comes to the treatment plan, the number, size and the position of the implants to be used in 

the treatment depend on the visual appearance of the prosthesis, regardless of whether it is a 

single implant-retained crown or a full-arch prosthesis. Therefore, a restorative phase of the 

treatment must be implemented prior to the surgical phase (3). 

In North America, Brånemark and co-workers concluded a two-stage surgical agreement. 

Numerous scientific studies have successfully proved the effectiveness of titanium 

endosseous implants (4-9). In solving clinical problems associated with tooth deficiency, a 

large number of dentists emphasized osseointegration of dental implants meaningful, logical, 

and effective (10). Alzarea has concluded that patients can greatly assist dentists in providing 

satisfactory services with their expectations, and that prostheses implants greatly affect the 

quality of a patient's oral health (11). 

The main purpose of this paper is to closely explain, describe, and portray the process of oral 

rehabilitation as a part of dental implantation. The aim of this expert thesis created by a dental 

practitioner, is rehabilitation from the planning phase all the way to the embedding phase in a 

simple and concise way and as a part of dental implantation.  
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2. THE FAIR PROTOCOL 
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2.1.Evolution of the FAIR protocol 

The FAIR protocol is a full-arch implant rehabilitation protocol, which is a new scientific 

advancement in implant therapy for the treatment of a toothless or almost toothless patient. 

The individual implants are avoided for replacing the missing teeth, but four or five implants 

are distributed throughout the longitudinal arch after which a temporary fixed denture is 

placed immediately (12). Numerous scientific studies have shown that wearing classic 

removable dentures reduces patients’ life quality. Such removable dentures can cause pain 

and discomfort, create chewing and speech difficulties, and reduce occlusive force (13-15). 

For patients with a fully or partially edentulous arch, FAIR dental prosthesis provides many 

advanced features by being immediate, fixed, aesthetically pleasing, highly effective, 

inexpensive and cost-effective in the long run. 

Since classical methods require extensive bone grafting, the FAIR dental systems are much 

better constructed or shaped, with the purpose of meeting the surgical and restorative needs of 

many patients with edentulous or partially edentulous arches. Some patients give up due to 

the invasiveness of the procedure, while some of them are simply not good candidates for 

bone grafting (16-20). 

During the 1990s, the success rate of the number of immediately loaded implants improved 

greatly, both for the reconstruction of individual teeth and for the implantation of short-span 

fixed partial dentures (21, 22). In the 1990s, mandibular restoration protocols were developed. 

In addition, attempts to provide answers to the undertaking of anatomical implantation and 

redesign of the partial denture architecture in the dense bone of the mandible were also made 

(23, 24). To overcome this undertaking, the threading, size, and length of the implants were 

adapted to condense and thicken the bone when placed in the soft bone. Other processes, 

including the sinus elevation have also been adjusted (25-28). 

 When pink ceramics for gingiva were introduced into the aesthetics of fixed prosthetics in the 

2000s, there was an immediate significant improvement (29-33). For example, when 

traditional implant surgery and bone grafting for sinus elevation and other procedures are 

contraindicated in the maxilla due to patient’s age and other bone density or availability 

issues, nontraditional zygomatic implants can be placed near the dense and more cortical 

cheek bone in the posterior maxilla, and last longer (Figure 1).  
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 Figure 1. Placing zygomatic implants near the dense and more cortical cheekbone in the 

posterior maxilla is an example of an early evolution in the full-arch dental prostheses 

protocol. 

Until 2010, a special shift in the implant design and procedures included methods for extra-

maxillary anchorage, optimal implant angulation, optional use of cantilevers, and bone 

reduction if necessary (34-37). 

The first step in the treatment of an edentulous patient, which is in line with the developed 

dental implant technology, is a removable denture with two or four implants (38-40). Unlike 

the conventional removable dentures, the fixed removable overdenture improves stability and 

function to approximately 60% that of natural teeth (Figure 2). In addition, it is still relatively 

inexpensive as a replacement for teeth and gingiva. Compared to classic removable dentures, 

fixed removable dentures significantly enhance durability and effectiveness at approximately 

60% that of natural teeth and is certainly a fairly inexpensive replacement for teeth and 

gingiva. Besides the advantage of the lip support, the biggest advantage is considered to be 

the fact that it can be taken out of the mouth and cleaned. Disadvantages include painful spots 

on the gingiva, certain movements while the patient talks and chews, and also frequent 

removal for the comfort because of a continued bone resorption. 
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Figure 2. The fixed removable overdenture improves stability and function to approximately 

60% that of natural teeth. 

2.2. Advantages and disadvantages 

In the FAIR prosthesis and other related protocols, surgical treatment and a little time for 

healing and restoration are considered deficient. The FAIR protocol (Figure 3) provides 70% 

of natural health functionality, requires very little or no grafting before the placement, and can 

also be used as a replacement for bones and teeth. Therefore, these shortcomings can be 

considered almost insignificant. A provisional prosthesis is given the same day the operation 

is performed, to allow soft food to be consumed until it heals. A permanent denture over 30 

years with a fairly natural aesthetic and almost no food restrictions, has a 95% success rate. 
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Figure 3. The FAIR protocol provides approximately 70% of natural dentition functionality 

Scientific research has shown that edentulism has a long-term negative impact on a patient’s 

overall oral health, so doing nothing in such cases is no longer an option (41,42). Unlike the 

traditional implants, which placed in the vertical position, like fence posts (Figure 4), the 

FAIR technique employs a distally tilted or angled implant similar to the angle of a beach 

umbrella positioned in the sand for greater stability. 
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Figure 4.  Implants are traditionally placed axially. When using the FAIR technique, the 

implants are tilted. Note that this also alows for more space in the arch between implants 

Yet, in addition to classic dentures and overdentures, there are very simple solutions for 

edentulism nowadays, since the immediately loaded implant-supported full-arch prosthesis is 

almost analogous to natural health (43, 44). The FAIR dentures have almost the same occlusal 

force as the natural dentition, with 70% masticatory function and aesthetics, and are 

accompanied by a very low failure rate (45, 46). In order to obtain greater stability, the FAIR 

technique uses a distally tilted or angular implant for greater stability (like an umbrella tilted 

in the sand), while classical implants are embedded in a vertical position. 

The advantage of tilted implants is that they protect important anatomical structures, thus 

extending the durability of implants and the cortical bone anchorage. Tilted implants preserve 

important anatomical structures, resulting in longer-lasting implants and good cortical bone 

anchorage (Figure 5). Also, with tilted implants, the spacing between implants is increased, 

while the cantilever length and the need for bone augmentation are reduced (28, 47-50). The 

FAIR surgical and temporary restoration techniques are performed in a single visit and most 

commonly use four or five implants: a pair of axial implants that are implanted anteriorly and 

two inclined implants placed posteriorly. To support temporary, fixed, and immediate loading 

of full-arch prosthesis with a survival rate of 92%-100%, the implants are restored with 

straight and angular multiunit abutments (51-56). 
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Figure 5. Tilting of implants allows the preservation of important anatomical structures: the 

maxillary sinus in the maxilla and the inferior alveolar nerve in the posterior mandible.  
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3. PLANNING IN DENTAL IMPLANTOLOGY 
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Endosseal implantology has established itself as an integral treatment modality within 

dentistry and thus considerably widened the spectrum of prosthodontic treatment option. In 

many clinical situations the patient’s teeth can be restored with a fixed and supported implant, 

instead of a conventional removable prosthesis. Consequently, new dimensions with respect 

to the patient's desires for a normal function, comfort and aesthetics can be more readily 

addressed and fulfilled. In order to be able to satisfy patients’ high expectations, it is 

necessary to introduce them to different treatment alternatives with their inherent advantages 

and disadvantages. In this manner it is possible to achieve the optimal individual prosthetic 

solution for each patient (57). 

3.1.Principles 

The dental practitioner dealing with implantology must be aware of the fundamental 

differences, principles, and conditions that apply to an osseointegrated implant compared to 

the natural dentition. In addition to surgical ability, the dentist must possess a thorough 

knowledge of biomechanics, periodontal and prosthodontic principles. Furthermore, the 

dental office has to institute and structure a strict recall regimen tailored to the individual 

needs of each and every patient. The cylindrical and screw-shaped fixtures, more commonly 

referred to as „root form implants“ have become the state of the art in oral implantology. 

Bränemark System was originally concieved as a two-stage surgical procedure with a sub-

mucosal healing phase where after which the site is again opened to enable a connection to 

the transmucosal abutment. 

3.1.1. Osseointegration 

Osseointegration (lat. Bone and integration) means “merging into one whole” in Latin. The 

definition of osseointegration is the direct fixation of bone to the body of the implant, and is 

considered to be the basis of support for a free-standing fixed prosthesis. It also has the 

property of transmitting occlusal forces directly to the bone (58-60). In order to achieve 

osseointegration, the surface of the implant should be made of an inert material with affinity 

to develop a direct contact with the bone tissue, without a soft tissue interface (61). 

By the time osseointegration is established, the joint of the implant and the bone – the direct 

anchorage - is so strong that even a force of 100 kg could not separate or displace the implant, 

but the application of force would cause bone and implant fracture (61). As a result, a direct 

contact of the implant with the bone without a soft tissue interface is very important. 
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Scientists Linkow and Chercheve (62) and Wies (63) were convinced that the peri-implant 

membrane located between the implant and the bony osteotomy site functions as a periodontal 

membrane of teeth, thereby reducing the occlusal forces located on the denture, which transfer 

to the alveolar bone. During following research (64), the process of fibro-integration 

increased because it did not withstand the forces used under the functional load. It resulted in 

inflammatory reaction, gradual bone resorption, and loss of hardening. In his further research, 

Bränemark proved that the use of peri-implant membranes is directly related to the implant 

failure under the load. In his research, Bränemark also describes the biological and 

biomechanical differences between natural teeth, fibrointegrated implants, and 

osseointegrated implants (61). There are three models: 

1. Teeth supported by periodontium 

2. Implants anchored in non-mineralized connective tissue 

3. Implants anchored by osseointegration 

In order for the osseointegration to occur, the endostal threaded implant should serve to 

stabilize the fixation very soon after the preparation of the osteotomy and during the initial 

healing period. The dynamics of osseointegration and the relationship of endosteal implant 

with its surrounding alveolar bone can be distinguished over time as three distinct and 

partially overlapping intervals or periods: healing, remodeling, and dynamic equilibrium. 

Primary and secondary healing lasts 18 months, in which the reconstruction phase begins at 3 

months and coincides with the healing phase. In the dynamic equilibrium phase, a balance of 

forces is established to strengthen and reshape the anchor bones (65). 

There are several main parameters that have an impact on the predictability of achieving 

proper osseointegration after the implant placement in a bone osteotomy: 

1. The composition and characteristics of the material (commercially pure titanium) (66, 

67) 

2. A threaded fixture design, which allows for the implant to be placed in an osteotomy 

with primary stability and a larger surface area along the bony wall of the osteotomy 

site. This design results in proliferation instead of a direct bone fill and it represents 

the most precise placement of the endosteal implant in a vital bony osteotomy, all of 

which is inevitable for a successful procedure (68, 69). 
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3. Preventing excessive heat generation and the rise of temperatures above 39 °C, by 

maintaining a speed control of 2000 rpm during the osteotomy and 15 to 20 rpm 

during the implant placement (70-72). 

4. Maintaining the osseointegration stress-free healing period: 6 months for the maxilla 

and 3 months for the mandible are considered as the standard for the osseointegration 

after the two-stage protocol (73). 

The bones begin to heal as early as one week after the implant placement, and by the fourth 

week they are already at the peak of healing. The interface between the implant and the 

osteotomy takes about 8 weeks for it to mature and become bone tissue. After the prosthesis is 

inserted, the dynamic state of the bone continues. Once the final prosthesis is inserted, it takes 

about 18 months for the bones to reshape where the resultant woven bone matures into the 

denser laminar bone. Taking into account the occlusal forces that are created when a 

functional load is present, several parameters are developed to assess a continuous 

maintenance of the osseointegration over time. The occlusive forces generated by the dentate 

patient are approximately 100 psi, and the ones generated by the patients with a classic 

complete denture are between 15 to 20 psi (74-76). Dentate patients produce the same 

occlusal forces as patients with fully anchored bone prostheses (77). The standard for the 

clinical definition of the successfully placed osseointegration of implants was proposed by 

Albrektsson et al. 1986. Successful implants are defined by the following criteria (78): 

- The individual implant remains clinically immobile 

- Peri-implant radiolucency is not seen in the periapical radiographs 

- One year after the implant placement, the vertical bone loss should not exceed 0.2 mm 

annually 

- Individual implants should not cause pain, infection, neuropathies, or violation of the 

mandibular canal 

- The success rate soon after the procedure is 85% and 80% after five or ten years 

In order to determine the best possible assessment of the osseointegration, Bränemark and 

other scientists have been conducting clinical trials since 1965, based on which they 

recommend the following criteria (79,80): 

- Controlled behavior of titanium in vitro 
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- A constant developmental technique is needed for a satisfactory healing process 

- Implants and prostheses that can withstand continuous functional and parafunctional 

forces should be designed. 

3.1.2. Anatomical structures  

Surgical anatomy of the mandible 

In order to perform an osteotomy, bone tissue needs to be accessed after the implants are 

placed. During the bone osteotomy and soft tissue handling, anatomical structures must be 

handled with care to avoid injuries, which can lead to damage difficult to repair, namely: 

reversible or irreversible nerve injuries, bleeding, and intrusion into unwanted anatomical 

areas (81). 

Neurovascular structures: 

- Osseous – inferior alveolar nerve, inferior alveolar artery 

- Buccal – buccal nerve, facial artery branches, mental nerve 

- Lingual – lingual nerve 

Surgical anatomy of the maxilla 

The anterior area  

This area is located between the anterior walls and the maxillary sinus, and is generally of 

good quality. The nasal cavity apically limits this region that communicates with the 

maxillary sinus. Slight nasal floor penetration or perforation may be uneventful. The canine 

region is a strategic area due to mechanical stress dispersion. Between the two medial 

incisors, there is an incisional foramen, whose volume can prevent the implant placement 

(82).  

Maxillary sinus and advanced surgeries 

In this region, a sinus lifting procedure is indicated to increase bone volume. The operation 

procedure itself is usually complicated due to the barriers in the maxillary sinus. The septa are 

present in approximately 30% of the sinuses, out of which the most in the first or the second 

molar area. The permeability of the maxillary sinus must be checked before the surgery. In 

order to avoid the sinus region, the tuberosity one can be used for the implant placement (82). 

Tuberosity and pterygopalatine regions can be seen in Figure 6 and 7. 
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Figure 6. Maxilla: horizontal section. A. Lateral pterygoid plate; B. maxillary sinus; C. 

inferior nasal meatus; D. nasal septum 

 

 



Argjend Haxhosaj, poslijediplomski specijalistički rad 

16 
 

 

Figure 7. Maxilla: lateral view. 1. Maxillary sinus; 2. maxillary tuberosity; 3. lateral pterygoid 

plate; 4. palatine bone (pyramidal process); 5. anterior nasal spine; 6. alveolar antral artery; 7. 

posterior superior alveolar artery and nerve; 8. infraorbital artery branch 

Bone classification schemes related to implant dentistry  

An appreciation of bone density and its relation to oral implantology has existed for more 

than 25 years. In 1970, Linkow classified bone density into three categories (62).  

Linkow stated that class III bone results in a loose fitting implant, while class II bone has a 

satisfactory base for implants and class I bone was the most ideal foundation for implant 

prostheses.  

3.1.3. Long term results  

The long-term clinical success of dental implants depends on the integration of the surface 

with hard and soft tissues, i.e. osseointegration, which will ensure implant stability and 

function (83, 84). Although most procedures have a good outcome, the number of 

complications and failed implants has increased in recent years (85, 86). These complications 

can generate pain, discomfort and lead to an eventual failure.  

Factors such as surgical skills, patient health, implant design, osteotomy, and mechanical 

loading are mostly known to contribute to implant success or failure.  
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While following the process of implantation, the simultaneous interplay between mechanical 

and biological factors can dictate healing and integration. It is widely known that bacteria and 

host cells race for surface colonization. If an early biofilm is adhered to the implant surface 

together with a lower pH, a microenvironment of differential aeration is established between 

the biofilm and implant surface. This region of acidic pH (crevice) can lead to metallic 

corrosion and consequent metal ion generation, inducing an adverse immune response and 

chronic inflammation, which may ultimately trigger bone loss. Thus, an important factor to 

ensure healing is to first promote the conditions for the soft tissue closure (87). 

3.2. Preparatory steps in implant planning 

Dental implant therapy unites: 

- Surgical treatment aiming to place the implant in the jaws 

- Restorative treatment whose primary task is to replace teeth supported by implants. It 

is definitely necessary to do a radiographic examination before the treatment. 

Throughout the history of implantology, the sophistication of surgical and prosthetic 

techniques has led to numerous options for placing dental implants in the oral cavity. As a 

result, even in cases where the supporting bone is missing, implants can be installed with 

certain medical contraindications. Patients are definitely looking for the best possible 

aesthetic result with as few complications as possible.  

During the first consultation, contraindications should be ruled out during the course of the 

examination. A properly filled out medical questionnaire will greatly help in the initial 

interview and examination (88). 

3.2.1. Absolute contraindications 

- Chemoterapies in malignancies  

- Radiotherapy  

- Cardiac conditions  

- Transplantation  

- Dialysis catheters  

- Intravenous bisphosphonates (BRONJ)  
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3.2.2. Relative contraindications  

The indication for dental implant surgery must be discussed with the physician according to 

the complexity of the surgical treatment (number of dental implants, preimplant surgery) and 

the severity of the systemic disease.  

Relative contraindications are (89): 

- Cardiac conditions 

- Oral bisphosphonates  

- Diabetes 

- Chronic kidney disease 

- Acquired Immune Deficiency Syndrome/Human immunodeficiency virus -AIDS/HIV  

3.2.3. Risk for dental implant failure  

Most studies indicate that dental implants can be successfully placed and maintained while 

exhibiting a variety of systemic diseases and congenital defects. 

The following list indicates potential risk factors that have been adequately documented, and 

the overall conclusions that can be drawn: 

- Age (90) 

- Smoking (90) 

- History of treated periodontitis (91) 

- Ectodermal dysplasia (92) 

- AIDS/HIV (93) 

- Diabetes (94) 

- Bone diseases (95) 

- Radiotherapy (95) 

- Miscellaneous (95). 
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Local risk factors 

Any situation that poses a risk to the productive osseointegration and restoration of the dental 

implant at the level of the implant site and surrounding teeth must be considered: 

- Implant stability (96) 

- Bone density (96) 

- Interproximal space (96) 

- Infected sites (96) 

- Soft tissue thickness (97) 

- Keratinized soft tissue (97) 

- Surgical procedure (98) 

Patient dental history 

Not all patients are good candidates for dental implants, even if the clinical situation seems to 

be a good indicator. The evaluation of dental history allows the clinician to establish a 

comprehensive treatment plan and prevent the risk of failure or certain complications. 

Necessary information is provided by the patient during the initial interviews (99): 

- Compliance (99) 

- Oral hygiene (99) 

- Bruxism (100) 

- History of tooth loss (100) 

- Dental inflammatory or infectious process (100) 

- Periodontal history (90) 

3.3.  Implant planning and fixture insertion 

After the plan for the prosthesis placement is finished, the next step is to select the implant so 

that the properties of the implant adapt to the requirements of the prosthesis: this is the 

concept of prosthetic-driven implant dentistry. Certain properties are of great importance 

during the selection of implants, including clinical and radiographic examination and finally 

surgical evaluation. Implant characteristics include the following: length, diameter, shape, 
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roughness, number, and position. In addition, aesthetics may affect the choice of implant. 

Ideally, the diameter of the implant platform should be identical to the cervical dimension of 

the replaced tooth (101).  

For the restoration to be accomplished, most implant systems require a minimum vertical 

distance of 6 mm. In order to preserve the alveolar bone and allow a hygienic approach, the 

implant should be separated from the adjacent tooth by a minimum of 1.5 mm. The 

mesiodistal bone volume must be measured over the entire height of the implant site. 

Nevertheless, in cases of apical root convergence, a shorter implant or a conical implant 

avoids root interference (101).  

In the posterior area, the implant position and implant axis are determined by the occlusal 

force distribution, although it is difficult to prove a correlation between the excessive occlusal 

forces and marginal bone loss or the implant failure. Thanks to that, the bone/implant 

interface is well adapted to axial compressive forces. Also, shear forces should be avoided. 

Consequently, for an optimal loading, the implant should be placed in the direction of the 

axial forces (Figure 8). 
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Figure 8. Optimal orientation of the implant: the implant axis should emerge in the central 

fossa and in the direction of the opposing supporting cusps. 

The use of wide-diameter implants increases the bone – implant contact (BIC) and improves 

mechanical strength of the implant body in strong occlusal forces (102). On the contrary, 

small–diameter implants are contraindicated with high occlusal loading. For three or more 

splinted implants, it has been advocated that a tripod configuration improves force 

distribution.  

Ideally, the implant should occupy the maximum bone volume and be surrounded by a 

sufficient bone thickness (1 mm, and 2 mm buccal in esthetic areas) (Table 1), while 

respecting the position (emergence point and axis) guided by the prosthesis (surgical 

template).  

Long implant (>10 mm) may be indicated to achieve primary stability in the following 

situations: immediate implants, bone defect, tilted implants, and poor bone quality.  
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Table 1. Minimal buccollingual bone volume  

Implant diameter Non-esthetic areas Esthetic areas  

3 mm  5 mm 6 mm 

4 mm  6 mm 7 mm 

5 mm 7 mm 8 mm 

6 mm  8 mm - 

 

A decision on whether to use a temporary replacement and what type of restoration is needed 

should be determined during the treatment planning. Reconstruction can be elaborated in 

different treatment steps: before the extraction and the implant placement and after the 

implantation, or sensory integration of the implant.  

When the clinical situation requires a total lack of compression during the first weeks due to a 

bone graft or poor primary stability, or in the case of limited interocclusal space, a modified 

clear resin tray is used as an alternative to a temporary partial denture. 

A resin-bonded cast metal bridge is a very reliable, comfortable, and stable solution. 

However, it may not be easy to remove and reline if necessary. During prosthetic steps, 

debonding and rebonding procedures can be time-consuming and degrade the bonding 

strength. In addition, it is more expensive. Those kinds of prosthesis are indicated for long-

term temporary placement, particularly in young patients.  

With the added advantage of allowing soft tissue maturation, it is a very comfortable and 

stable solution for the patient. However, indications are restricted to particular clinical 

conditions and include, among other parameters, sufficient primary stability of implants 

(103).  

3.3.1. Preparation of the surgical stent 

The growing interest in flapless surgery, along with the current burden on edentulous patients, 

has led to the development of software programs that help plan the treatment, make a surgical 

template, and manufacture a prosthesis that can be provided to the patient immediately after 

the implant placement. To avoid complications and minimize errors, team cooperation is of 

great importance. This allows timely correction of minor deviations during the treatment. 

Understanding each other's responsibilities leads to more predictable outcomes. This chapter 
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describes the various applications of computer-guided surgery software. To fully appreciate 

this concept, thorough understanding of scanning protocols is paramount. 

In order to visualize the relationship of the patient's prosthesis to the edentulous ridge, the 

"two scans" technique is used (104). To initiate this protocol, which is easily recognized by a 

computer tomography (CT), impermeable markers are placed on the patient's denture. When 

the fit is correct, and precise vertical dimension of the occlusion and the correct position of 

the front and rear teeth are confirmed, the gutta-percha markers are added to the patient's 

dentures. 

Initially, CT or CT scan with conical rays is performed on a patient while wearing a prosthesis 

and occluding into the bite registration material. Secondary, scanning refers exclusively to the 

prosthesis. Digital images and communications in medicine (DICOM) are projected on the 

appropriate disk and referred to as "patient DICOMs" and "denture DICOMs". 

In order to be able to plan and analyze the treatment of the selected and guided surgery 

program, two-dimensional DICOM files are imported. The patient's DICOM file, i.e. the first 

scan, is introduced into the guided surgery software and converted into a three-dimensional 

display, while the DICOM prosthesis file, i.e. the second scan, is introduced and converted 

into a three-dimensional format. These two three-dimensional images are then merged by 

overlapping the gutta-percha points of the first image with the corresponding gutta-percha 

points in the second image. In this way, the patient’s toothless jaw is connected to the 

prosthesis, and can be visualized on the same screen. 

The complete use of computer-controlled surgical software includes a preoperative production 

of prostheses with immediate loading. Once the surgical patterns are obtained, the prosthesis 

is made. After that, the following are sent to the laboratory: the surgical template, a stone 

model of the opposing arch, and a duplicate denture of the edentulous jaw planned for the 

implant placement.  

3.3.2. Timing of implant surgery 

In one stage surgery, an implant with an attached transmucosal healing abutment or an 

integral transmucosal collar or abutment, is placed but not covered with oral mucosa for 

healing. In two stage surgery, an implant is placed with its platform at the ridge crest level and 

left to heal for between 3 and 6 months submucosally without loading. The implant is then 

uncovered and a transmucosal abutment is placed. Esposito et al. have suggested that this 
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technique may be more appropriate for edentulous cases, due to the risk of inadvertent loading 

during the process of healing (104).  

Implant placement variations include: 

- Immediate placement into an extraction site (105) 

- Early placement (or immediate-delayed) following soft tissue healing for 4-8 weeks 

after the extraction 

- Delayed placement following bony socket healing for 3-6 months (106) 

- Delayed placement after the socket augmentation with alloplastic graft materials left 

healing for 3-6 months (107) 

- Delayed placement following healing for 6-9 months after ridge augmentation or ridge 

block grafting 

- Implant placement in conjunction with the bone augmentation, grafting, and sinus lift 

(crestal access – indirect, or direct sinus lift) (108). 

The possibility of immediate placement of implants following a traumatic extraction and 

socket curettage should be considered based on patients’ individual needs. In their research, 

Chen et al., but also Lang et al. concluded that the survival rate and clinical outcome of 

immediate and delayed implants, in a short time, were similar to those of implants placed in 

healed alveolar ridges (105,107). Sanz et al. suggested that immediate placement of implants 

may preserve both soft tissue and bone, when compared with delayed protocols (108). By 

performing the immediate placemen, the final restoration will be improved (109). However, 

Esposito et al. concluded that there is insufficient evidence to establish the possible 

advantages or disadvantages of immediate, immediate-delayed (early), or delayed implant 

placement (104). Atieh et al. corroborated the higher risk of immediate placement versus the 

conventional surgical protocols (110). Hammerle et al. noted the risk of mucosal recession in 

aesthetic zones and suggested that the immediate placement procedure may be more 

appropriate for non-aesthetic areas (111).  

Optimum aesthetics may be achievable when a healthy, but damaged tooth needs to be 

extracted. In this situation, an implant can be placed immediately and left to heal with a 

transmucosal abutment or provisional crown. Recently, a platform-switching has been 

promoted as a way of further optimization of the bone retention and soft-tissue aesthetics. 
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There is currently insufficient evidence available to validate the aesthetic benefit (112-114). 

These factors are considered important for aesthetic soft tissue management: 

- Maintaining or creating an appropriately attached gingival girdle 

- Maintenance of an interdental papillae when possible 

- Tissue shaping to establish the optimal emergence profile of a crown and maintain soft 

tissue shape after restoration 

- Platform-switching to retain bone and soft tissue. 

Gingival grafting may be performed to recover soft tissue recession or to create an adequate 

band of attached gingiva. 

Surgical protocols that use various grafting material and membranes have been used for 

alveolar preservation after the tooth extraction. Ten Heggeler et al. and Vignoletti et al. 

reviewed this subject and found that the adoption of such therapies demonstrated less vertical 

and horizontal contraction (bone loss) of the residual alveolar ridge (113-116).  

These variations are complex and require greater experience in the area of the implant 

treatment group both surgically and restoratively. The implant placement can be combined 

with various augmentation and sinus elevation procedures. 

3.3.3. Factor influencing planning and surgical guidelines 

Significant bone deficiency may be congenital, or a result of a certain trauma, pathology, or 

long-term edentulism. For a very long time, autogenous bone grafts have been the standard 

for increasing the edentulous ridge bone volume. However, given the morbidity of harvesting 

the bone from remote sites, other less invasive bone augmentation techniques have become 

more popular for increasing the bone volume (117). The process of augmentation may be 

strategically important in certain scenarios to achieve the ideal aesthetic and biomechanical 

implant placement. In other cases, where implant length is an issue, shorter implants have 

been shown to provide a viable alternative to a vertical ridge augmentation (118, 119).  

Inadequate solutions for the bone volume: 

- Use short implants and/or more implants 

- Use horizontal and/or vertical ridge augmentation 
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Types of ridge grafting/augmentation 

- Horizontal and/or vertical ridge augmentation with block grafting and/or Guided bone 

regeneration (GBR) techniques. Block auto-grafts can be harvested from mandible, 

iliac crest or tibia, 

- Indirect sinus lift/sinus augmentation using summers osteotome technique (120) 

- Open sinus grafting or direct sinus lift (Caldwell-Luc procedure) 

- Distraction osteogenesis 

- Ridge splitting to expand the ridge width  

- Repositioned mandibular nerve to allow for the implant placement 

Types of graft materials and membranes: 

- Autograft: block or particulate host bone 

- Allograft: bone derived from another human, usually from a cadaver. It may be freeze 

dried bone allograft (FDBA) or decalcified and freeze dried bone alograft (DFDBA) 

- Xenograft: nonhuman bone such as bovine or porcine 

- Alloplast: synthetic graft materials based on hydroxyapatite or CaSO4 

- Recombinant human bone growth factor (rhBGF) or recombinant human platelet-

derived growth factor (rhPDGF) along with a collagen or other support matrix 

- Resorbable membranes (BAM) 

- Non-resorbable membranes (NAM) 

Implant selection is based on a comprehensive diagnosis and restorative preplanning along 

with a careful surgical site assessment during surgery. The implant systems present an array 

of diameters, lengths, shapes, and surface characteristics. The surgeon must balance all his 

knowledge and experience with the team recommendations and decide on the best solution for 

the clinical situation. Certain guidelines have been developed empirically over the past thirty 

years. While scientific rationale is limited, factors such as the size and number of the missing 

teeth, bone volume, and quality are important. 
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Implant platform, diameter 

Clinicians developed a preference for particular implant designs for different clinical 

situations, such as parallel walled or tapered implants, or implants with machined, textured, or 

flared collars. An implant diameter should allow a satisfactory emergence profile of the final 

restoration. The required implant diameter can be loosely related to the cervical tooth 

diameter measurements. The following guidelines may be used (121): 

- Narrow or small diameter (3.0-3.5 mm) for maxillary lateral and mandibular incisors 

- Standard or regular diameter (4.0-4.5 mm) for maxillary central incisors, canines and 

premolars. This size is also ideal for over-dentures and hybrid dentures 

- Wide diameter (>5.0 mm) for molars. 

- Implant length 

Clinicians are cognizant of tooth length and the concept of crown-to-root-ratio, and are 

comfortable duplicating these ratios with implants. Early Bränemark protocol expected an 

engagement of both cortical plates in the anterior mandible regardless of the implant length. 

As implant therapy was applied to other areas of the jaws, there was an uncertainty about the 

desired implant length due to variations in bone height and density in other areas of the jaws. 

In general, it is currently acceptable to have an approximate implant length in the region of 

10-15.0 mm regardless of the implant shape or diameter. Short implants may be regarded as 

less than 10.0 mm long. With immediate placement, the implant must engage the bone in the 

apical portion of the socket or beyond, often making the implant longer than the tooth root it 

replaces. It has been suggested that placing shorter implants may be more desirable than the 

complex ridge augmentation procedures which enable the use of longer implants (122).  

There are no clear guidelines for the use of short implants, and limited data on their endurance 

rates in different clinical scenarios is provided. Van Assche et al. demonstrated excellent 

short-term results for short implants with maxillary overdentures. Romeo et al. also found no 

significant differences in endurance rates for shorter and longer implants (121-124). 

Implant number  

When bone height dictates the use of short implants, the clinician should consider using 

additional implants (up to a maximum of one implant per premolar unit). Similarly, if small 

diameter implants must be used, the number of implants should be increased. 
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Implant configuration 

Certain implant companies promote implant designs for areas with minimal height and soft 

bone quality (e.g., Bicon, Nobel Active®). Evidence currently suggests that machined 

surfaces are less desirable than textured surfaces, especially in the soft bone. Moreover, 

tapered screws achieve greater initial stability than cylindrical screws. Many press-fit 

implants have adopted threads to enhance the initial stability. Additionally, platform-switched 

designs, with a textured surface extended to the implant platform, may offer the best 

prognosis in areas of the soft bone and in aesthetic zones (125). 

Provisional restorative options 

Although temporary restoration and integration of implants are important for some patients, 

the ultimate success of implant restoration is of paramount importance both for the patience 

and clinicians. The implant integration must not be compromised by an inadvertent loading 

caused by a provisional restoration. It is important that the early stages of the osseointegration 

are not disturbed by any function. Provisional restorations may be inserted during or 

immediately after the surgery. Postsurgical soft tissue swelling and the pressure on healing 

tissue must be accounted for. Removable prosthesis must provide generous relief over the 

implant site. Options include: 

- No provisional restoration 

- An acrylic partial or complete denture fabricated in advance. It may be modified 

clinically with soft materials 

- A resin retained FDP fabricated in advance  

- A provisional FDP supported by the adjacent teeth 

- An implant supported provisional restoration with no occlusal contact. 

Immediate/early loading 

Traditionally, implants are loaded after between 3 and 6 months of the bone healing. The 

restorative dentist and surgeon may cooperate to carry out an immediate loading with a 

provisional restoration, or place one at the second-stage surgery to shape the tissue for a better 

aesthetic result. The surgeon will have a view of when the implants should be loaded 

depending on the implant stability at the time of surgery.  
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In order to shorten the treatment time and enable the best possible temporary aesthetics and 

function, alternative loading protocols have been introduced (126, 127). At the time of 

implant placement, a temporary bracket is connected to the current load, and a temporary 

crown is placed. In this protocol, the implant must be stable at a torque force of >45 Ncm, 

which proves the existence of an outstanding bone quality (type I or type II). Besides, the 

provisional restoration is kept out of occlusion. Immediate loading may create an unnecessary 

risk to the process of osseointegration, and it is advisable to refer patients demanding such 

treatments to a specialist implant group.  

With the advent of shorter osseointegration processes through the use of textured surfaces, it 

has become possible to functionally restore implants in as little as 6 weeks after the surgery. 

More long-term studies are needed to validate early loading protocols (128).  

Postoperative management and surgical review  

The surgeon prescribes antibiotics and pain medication as indicated by the particular case. 

Additionally, chlorhexidine or saline mouthwash may be prescribed. Certain minor problems 

may be anticipated depending on the case, such as minor bleeding, swelling and bruising, and 

transient paresthesia. The patient is given postoperative instructions for a minor oral surgery. 

Most problems that may arise, such as undesirable wound opening and infection, are still 

easily treated. Non-absorbable sutures are removed after 10-14 days, and provisional 

procedures are then finalized. If there is an ongoing infection, it may be necessary to remove a 

non-integrating or mobile implant (128). 

After a healing period of 3-6 months, the second-stage surgery is performed to uncover the 

implant. The waiting period is based on the surgeon's knowledge of the surgical placement 

procedure nuances such as the bone density and initial stability at the time of placement. For 

that reason, this particular period is determined by the surgeon. The implant healing cap is 

located with a probe and either a flap is elevated, or a surgical punch is used to remove the 

overlying mucosa. The punch technique is not recommended when there is only a small band 

of attached mucosa. When feasible, the punch method is kinder to the patient as there is a 

minimal discomfort. Maintenance of an adequate labial band of attached gingiva is paramount 

for hygiene measures. Occasionally, an apically repositioned flap is indicated to recreate a 

band of attached gingiva. The labial soft tissue grafting may also be needed to fill out a bony 

depression depending on the circumstances. There are many surgical techniques for soft tissue 



Argjend Haxhosaj, poslijediplomski specijalistički rad 

30 
 

manipulation, for the purpose of improving the aesthetics. These are covered in textbooks on 

advanced implant topics (128). 

Clinical indicators of the osseointegration: 

- Absence of an infection and mobility 

- Lack of crestal bone loss (on the radiograph) 

- A radiograph that shows no radiolucency around the implant 

- A ringing sound indicating ankylosis, which happens when tapping the implant with a 

metal instrument, for example, mirror handle. 

After a transmucosal healing abutment is selected, it is finger tightened to between 10 and 15 

Ncm, and checked with a radiograph. Alternatively, an expanded healing abutment or 

provisional crown may be placed in order to create an optimum soft tissue contour for the 

final restoration. The loss of integration may be suspected if an implant movement is detected, 

a significant discomfort occurs while removing the cover screw or abutment, or in the time of 

tightening the abutment (128).  

Although no guidelines are currently available, it may be possible to leave the implant in 

place and monitor the situation for infection or reintegration if the movement is minimal and 

painful. Alternatively, the implant should be removed, the osteotomy site derided, in-filled 

with a particulate graft material, and allowed to heal for 6 months.  

Implant stability testing 

When an implant is placed, its stability is subjective and related to the type of bone, implant, 

and the technique of placing the implant. The insertion torque value gives a measure of the 

initial stability. Secondary implant stability is attributable to osseointegration and has been 

assessed by several methods. Impact testing and resonance frequency analysis are noninvasive 

stability testing devices that a promising future clinical use at least to some extent. Their 

clinical prognostic value has not been established up to this time (128). 

Complications related to surgery and healing: 

- Life – treating problems with anesthesia and surgery 

- Hemorrhage, infection, pain, swelling, and ecchymoses 

- Failure of the implant to osseointegrate  
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- Dehiscence and fenestration of the bone alveolar plates  

- Damage to the vital anatomic structures necessitating an implant removal, for 

example, perforation of the mandibular nose or sinus canal floor  

- Neurosensory problems – trauma of the mental nerve during the flap retraction, 

postoperative pressure on the nerve due to hematoma or edema, a direct injury to 

mandibular nerve during osteotomy: trauma, implant pressuring the nerve, transection 

of the minor or accessory nerves in the anterior mandible 

- Wound dehiscence 

- Poor position or an angulation of the implant 
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4. DISCUSSION 
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The practical paradigm, the shift of the time was to minimize treatment costs and patient 

morbidity, while at the same time, providing the most satisfactory patient-centered treatment 

outcome, all in line with recent experience in dental practice. With the all-on-four treatment 

concept, attempts have been made to achieve these goals, while providing relatively direct and 

predictable treatment options for the rehabilitation of edentulous patients with a high degree 

of life quality (129). The protocol for using 3.5 mm diameter Nobel Active implants with the 

all-on-4 concept was described by Babbush et al., who reported the results of 227 implants 

after 1 to 3 years of a follow-up. 

The cumulative endurance rate was 98.7% at the end of 3 year period, with a 100% survival 

rate (130). Paul Malo conducted retrospective clinical studies on 245 patients who had 

completely edentulous mandibles. They were in the process of rehabilitation through the 

concept of all-on-four treatment and came to a conclusion of a cumulative implant survival 

rate of 93.8% and 94.8% (131).  

To assess medium and long-term outcome of completely edentulous jaws rehabilitation 

results in the all-on-four immediate function while using a computer-assisted surgical 

protocol, Lopes et al. conducted a study and concluded that the overall cumulative survival 

rate was 96.6% after 5 years of a follow-up (132). Available research on the all-on-four 

concept shows that survival rates vary between 92.2% and 100% (133). 

In the last ten years, the clinical trials have been conducted and resulted in more than four 

dental implants, which are generally unnecessary, supporting a full, fixed bridge. In addition, 

a placement of more than four implants is not a measure of greater success (134). Owing to 

the freedom of tilting, the implants can be anchored in dense bone structures (anterior bone 

with higher density) and well spread anteriorly-posteriorly, while giving an effective 

prosthetic base. When the number of implants is reduced to four, then each implant is placed 

without disturbing the adjacent implants. This treatment approach, when using an inclination 

and a smaller number of implants, instead of a large number that then create a "crowd", shows 

very good results. 
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5. CONCLUSION 
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Edentulism has been shown to negatively affect the psyche of individuals, and as a 

consequence it has a negative impact on the aesthetics of the face, oral cavity, chewing 

function and speech ability. As a consequence of the combination of the above factors, 

patient’s life quality decreases. Although for now, the implant placement is a demanding 

surgical procedure and requires adequate planning for both the treatment and surgical 

techniques. There are several prosthetic options to rehabilitate severely atrophic maxillae and 

mandibles which have been developed as conventional complete dentures, implant supported 

removable, and implant supported fixed prosthesis. There is a possibility that in some cases, 

when the vital anatomical structures are empty and the quality and quantity of bones is poor, a 

prosthesis with an implant may not be feasible. 

The all-on-four concept for total rehabilitation has proved to be clinically effective and have a 

high success rate. Also, the patient acceptance alongside the applicability have improved in 

many situations where more complicated procedures would have been indicated. It is a 

standardized treatment procedure that can be routinely applied to most patients in need of a 

complete rehabilitation. It is well adapted to further simplifications such as the flapless 

surgery based on computer planning and can be recommended as a method of choice for the 

rehabilitation of completely edentulous jaws. 
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