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Abstract 

 
The osseointegration processes are based on post-implantation healing processes that are modeled by the activation 

by complex mechanisms of macrophages that leads to the differentiation of new osteoblasts on the implant surface. 

Factors influencing osseointegration include patient-related factors (systemic status), surgical factors (operating field 

asepsis, bone preparation time, operative trauma), and implant design factors (shape and dimensional characteristics, 

chemistry and surface topography, material). The quality of the implant biomaterial and the bone healing capacity 

followed by the bio-functional remodeling of the peri-implant tissues are the two major factors that ensure the 

maintenance of osseointegration and the quality of osteo-reception of dental implants. Research groups and 

manufacturers of implants with bioactive surfaces are focused on the increase of osseointegration by lowering the 

bacterial adhesion, while promoting the recruitment, adhesion and proliferation of osteogenic elements (osteoblast 

cells) and fibroblasts. 
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Introduction 
The osseointegration of the dental 

implants is defined as ―direct anatomical and 

functional junction between the reshaped 

bone and the surface of the implant that was 

loaded‖ (1). The notion of the implant 

biointegration implies the absence of the 

fibrous connective layer at the bone-implant 

interface, while currently it is preferred to 

use the notion of implant acceptance, 

assuming an almost direct and functional 

connection between a vital bone and the 

implant inserted in bone (2).  

The relationship between 

osseointegration and the failure rate of the 

dental implants concerned both practitioners 

and research groups. Although the failure 

rate of implants is extremely low, 1-2% of 

implants are associated with insufficient 

osseointegration within a few months of 

implantation (3). Even under conditions of 

successful osseointegration, secondary 

failures can occur, mostly caused by 

periimplantitis, in 5% of patients in whom 

implant-prosthetic therapy has been 

performed (3). The failure rate in primary 

implant osseointegration may increase in 

patients with diabetes, osteoporosis, 

bisphosphate treatment, or radiation therapy.  
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The osseointegration processes are 

based on post-implantation healing 

processes that are modeled by the activation 

by complex mechanisms of macrophages 

that leads to the differentiation of new 

osteoblasts on the implant surface (4). 

Osseointegration involves a series of 

complex physiological mechanisms similar 

to those occurring in the healing processes 

associated with fracture, as the trepanation 

of the alveolar bone during implant 

procedures is associated with bone trauma 

followed by a distinct phase of wound 

healing (5). Osteogenesis can be distant 

osteogenesis (bone grows toward the 

implant from the cavity adjacent to the 

implant) or contact osteogenesis (by 

depositing osteogenic cells on the implant 

surface) that ensures secondary implant 

stability. The first new bone may be found 

on the implant surface around 1week post-

implantation, bone remodeling starts at 

between 6 and 12 weeks and continues 

throughout life (6). 

Factors influencing osseointegration 

include patient-related factors (systemic 

status), surgical factors (operating field 

asepsis, bone preparation time, operative 

trauma), and implant design factors (shape 

and dimensional characteristics, chemistry 

and surface topography, material). The 

assessment of the properties of the different 

biomaterials and of the factors that influence 

bone repair is essential to the clinical 

success of dental implants (7). The quality 

of the implant biomaterial and the bone 

healing capacity followed by the bio-

functional remodeling of the peri-implant 

tissues are the two major factors that ensure 

the maintenance of osseointegration and the 

quality of osteo-reception of dental implants. 

For the category of patients at risk it is 

necessary to use implants with bioactive 

surfaces (8). The improvement of the rate of 

osseointegration is achieved by changing the 

surface of titanium implants. Initially, the 

changes obtained by mechanical processing 

of titanium surfaces were associated with 

osseointegration obtained within 3-6 

months, in relation to the location and 

quality of the bone (9).  
The processes of osseointegration 

can be investigated both in terms of 

osseointegration into bone tissue and in 

terms of osseointegration in contact with 

bone replacement materials, in immediate 

implantation techniques consecutively with 

guided bone regeneration techniques. To 

improve osseointegration in bone areas with 

severe bone resorption, bone regeneration 

techniques are used in the pro-implant stage. 
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Bone grafting materials (xenografts, 

allografts, alloplastics) that serve as a matrix 

for the formation of new bone tissue, 

becoming integrated into the newly formed 

bone and being slowly removed as they are 

progressively replaced by neoosseous tissue 

(10). In the case of attachment by 

osseointegration, there is direct contact 

between the implant surface and the peri-

implant bone tissue  

Factors and parameters that influence 

the osseointegration processes of the dental 

implants are further.presented. 

Biomaterials of dental implants. 

According to the material from 

which the dental implants are made, they 

can be divided into three categories (table I):  

-metallics (pure titanium, titanium 

alloys, gold alloys);  

-ceramics (hydroxyapatite, 

zirconium, bioglasses);  

-polymer (PMMA, PTFE, PE, PSF, 

PU).  

The qualities and limits of dental 

implants are directly related to the 

mechanical, chemical properties, 

biocompatibility of the materials from which 

they are made. 

The osseointegration attachment is 

favored by implants made of titanium. In 

biointegration (characteristic of zirconium 

implants and those with a surface covered 

with hydroxyapatite) there is a space 

between the bone tissue and the surface of 

the dental implant. In biointegration, bone 

tissue attaches to the corrosion layer on the 

implant surface. The fibrous attachment is 

unfavorable and is characteristic of clinical 

situations in which osseointegration does not 

take place (implant failure) is characterized 

by the complete encapsulation of the implant 

surface by the soft tissues.  

Pure titanium implants may induce 

nonspecific immunomodulation and 

autoimmunity mechanisms, ie stress on the 

implant-bone interface during pregnancy 

transfer (due to the gradient difference 

between the modulus of elasticity of the 

titanium implant and the peri-implant bone 

tissue) which can lead to peri-implant bone 

loss (11). Data from the literature show that 

pure titanium and titanium alloys 

demonstrate similar osseointegration and 

biomechanical anchoring (12). Ti-6Al-4V is 

one of the most commonly used titanium 

alloys in the manufacture of the dental 

implants. This material is known for its high 

resistance to fatigue and corrosion but also 

low density (13). Titanium binary alloys, 

excepting Ti-10V, have a statistically similar 

biocompatibility with pure titanium (14, 15).  
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Ceramics have been introduced in 

the manufacture of dental implants due to a 

low percentage of cases of hypersensitivity 

to titanium and titanium alloys. They have 

the advantage of biocompatibility, aesthetic 

appearance similar to root surfaces and low 

affinity for bacterial plaque (16). Limitations 

of initial ceramics dental implants have led 

to the emergence of composite materials that 

have combined alumina with zirconium. 

Two types of such materials were produced: 

circumcision-reinforced alumina (ZTA), 

alumined zirconium with alumina particles 

(ATZ). The combination of these materials 

leads to materials that combine the hardness 

of alumina with the resistance to mechanical 

stress (eg shear) of zirconium (resistance to 

cracks and fractures) (16,17). 

Zirconium implants are considered to 

have an increased potential for use in the 

coming years, given that research will 

demonstrate the possibilities of reducing 

mechanical failures. For zirconium implants 

osseointegration is lower comparing with 

titanium alloys, but can be optimized by 

modifying the surface roughness (eg laser 

modification) (18, 19). A review of literature 

data reported the absence of  significant 

difference in the BIC values between 

titanium and machined zirconia implants, 

significantly better BIC values for acid 

etched zirconia implants compared with 

those of titanium implants, while 

unmodified zirconia implants showed 

favorable BIC values compared to modified-

surface zirconia implants (20). Zirconia and 

titanium implants demonstrate a similar soft 

and bone tissue integration capacity, but 

titanium tended to show a faster initial 

osseointegration process compared to 

zirconia (21). 

 Polymer implants (PEEK) are 

considered a viable alternative to titanium 

implants, but new experimental studies are 

needed both to investigate chemical 

modulation and to find combinations that 

will increase the bone / implant interface 

and minimize stress distribution to the peri-

implant bone (22, 23). The review of studies 

on the advantages and limitations of dental 

implants produced from polymers concludes 

the following (24): flexural strength is 

between 140-170 MPa; the fracture 

resistance of PEEK implants is superior to 

that attributed to zirconium or ceramic 

implants; superior biocompatibility of 

titanium alloy implants. 
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                  Table I. Dental implants materials categories (Osman et al.,2015) 

 Material  Abreviation 

I. Metals  

I.1. Titanium CpTi 

I.2. Titanium alloys Ti-6Al-4V 

Ti-6Al-7Nb 

Ti-5Al-2.5Fe 

Ti-15Zr-4Nb-2Ta-0.2Pd 

Ti-29Nb-13Ta-4.6Zr 

Roxolid (83%-87%Ti-13%-17%Zr) 

I.3. Other metals  

 Stainless steel 

Cr-Cb alloy 

Gold alloys 

Tantal 

SS, 316LSS 

Vitaliu, Co-Cr-Mo 

Aliaje Au 

Ta 

II. Ceramics  

II.1 Alumina 

Hidroxyapatite 

Beta-Tricalcium phosphate 

Alumina with high zirconium content 

Al2O3 

HA, Ca10(PO4)10, (OH)2 

Beta-TCP, Ca3(PO4)2 

ZTA 

II.2 Carbon C 

Vitros 

LTI (izotropic la temperaturi scăzute) 

ULTI (izotropic la temperaturi ultrascăzute) 

II.3. Carbon-Silicone C-Si 

 

II.4. Bioglass SiO2/CaO/Na2O/P2O5 

II.5. Zirconium ZrO2 

III. Polymers  

 Polymethyl 

Polytetrafluorethylene 

Polyethylene 

Polysulfonate 

Polyuretan 

PMMA 

PTFE 

PE 

PSF 

PU 
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Polyeter eter ketone PEEK 

  

Geometry, macro and microdesign of dental 

implants 

 The implant design includes 

macrodesign and microdesign (surface 

topography). Macrodesign and microdesign 

are some of the main factors influencing the 

osseointegration and primary stability of the 

implant, as well as the distribution of the 

peri-implant stress (25). Given that there are 

various geometric shapes and different 

thread designs, selecting an implant 

geometry to ensure optimal long-term 

stability is a challenge for implantologists 

(26). Finite element analysis (FEA) studies 

are an excellent tool for evaluating different 

models of complex implants with different 

materials and practically simulate clinical 

cases before conducting clinical trials (27, 

28, 29). Each type of macrodesign has 

advantages and limitations. Cylindrical 

implants provide varying degrees of 

osseointegration and microscopic retention 

in relation to the surface condition and the 

manufacturing material or which covers the 

surface of the implant. Implants with 

threaded surface have the advantage of 

higher retention area between implant and 

bone and increased area of distribution of 

bone peri-implant stresses after functional 

loading. In the case of implants with 

perforated surface the titanium support area 

is the perforated area. This type of dental 

implants has multiple perforations on the 

lateral surfaces that favor the anchoring of 

the implant to the peri-implant bone tissues. 

Surface treatments influence micro-design 

and have a direct impact on the expansion of 

osseointegration processes. Implants with 

bioactive surfaces lead to an increase in the 

long-term bone-implant contact surface and 

to a reduction in marginal post-implantation 

resorption (30). Also, implants with 

bioactive surfaces offers the possibility to 

use early loading protocol, by accelerating 

the osseointegration processes (30). In the 

case of dental implants with changes in 

surface microtopography, there is an 

increase in bone-implant contact area, but 

also positive changes in growth, 

metabolism, cell migration and production 

of cytokines and growth factors by 

osteogenic cells (31). The manufacturers 

have proposed the transition from classic 

implants to bioactive implants that have 

major advantages, such as shortening the 

healing time and the participation of the 

implant in the normal tissue remodeling 
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process. Categories of bioactive dental 

implants are as follows (Fig. 1): 

-implants with modified surface by 

sandblasting and acid conditioning (SLA, 

Straumann Holding, Switzerland);  

-implants with modified surface by blasting, 

acid conditioning and neutralization 

(FRIADENT, DENTSPLYImplants, 

Germany);  

- implants with surface changes by crystal 

deposition (NanoTite and Osseotite, 

BIOMET 3i, USA); 

- implants with surface modifications by 

laser techniques (LaserLo, (BioHorizons, 

USA);  

-implants with surfaces modified by acid 

conditioning and blasting with titanium 

oxide (OsseoSpeed DENTSPLY Implants, 

Germany).  

- implants with hydrophilic surfaces (SLA, 

Straumann Holding AG, Basel, 

Switzerland);  

-implants with surface changes by coating 

with hydroxyapatite (AnyRidge, Megagen, 

South Korea);  

-implants with surface changes by coating 

with hydroxyapatite and nanocomposite 

(SurfLink, Nano Bridging Molecules, 

Switzerland). 

Straumann SLA implants (modified 

surface sandblasting and acid conditioning) 

have a higher bone-implant contact surface 

(50-60%) compared to titanium plasma 

spray modified implants (30-40%) or 

implants with electrochemically modified 

surfaces (20-25%) (32). A 1-year clinical 

study found a 100% survival rate for 

SLAactive implants compared to 96% for 

ALS implants and a post-implantation 

resorption of marginal bone of only 0.40 

mm, with statistically significant differences 

compared to traditional ALS implants (33). 

Hydroxyapatite-coated implants using the 

SurfLink technique show superior 

biomechanical stability compared to the 

control group and a marginal periimplant 

bone resorption of only 0.27 mm, with 

statistically significant differences compared 

to control group (34). The increase of 

osseointegration rate was also reported in 

researches using growth factors embedded 

on dental implants surfaces (PDGF, TGF-𝛽, 

VEGF, BMP) (35, 36, 37).  



Romanian Journal of Medical and Dental Education 

Vol. 9, No. 4, July - August 2020 

 

13 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Tecniques for modifying the surfaces of dental implants (38) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. Osseointegration of  dental implants modified by ceramics deposition (39) 

 

 

Dimensional parameters 

 The highest failure rate is 

associated with short, high-diameter 

implants applied to low-density sites (40). 

One study investigated the role of 

dimensional parameters in influencing the 

implant success / failure rate (41). 

Regarding the length  

 

 

parameter, the maximum failure rate is 

associated with implants with a length of 

11.5 mm (5.50%), followed by implants 

with lengths between minimum values of 10 
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mm and maximum values of 11.5 mm (4, 

70%), respectively implants with a length of 

less than 10 mm (1.30%). Regarding the 

diameter of the implants, the maximum 

failure rate is associated with implants with 

a diameter below 3.75 mm (3.00%), 

followed by implants with a diameter with 

minimum values of 3.7 mm and maximum 

values of 4.5 mm (2, 00%), respectively 

implants with diameters over 4.5 mm 

(1.00%). The highest rate of implant failures 

was found for dental implants with lengths 

below 10mm (minimum values 7%, 

maximum values 25%) compared to dental 

implants with lengths over 10mm. 

Current research on modifying and 

controlling the biomaterial-tissue interaction 

to improve the implant osseointegration 

process aims to capitalize on advances in 

regenerative medicine, using tissue 

engineering techniques and developing the 

field of intelligent biomaterials. In this 

context, the efforts of researchers and 

manufacturing companies are focused on the 

development of biocompatible surfaces, 

which favor cell adhesion and 

osseointegration processes. Research 

groups and manufacturers of dental implants 

intend further increasing of the 

osseointegration rate by focus on the 

lowering the bacterial adhesion, while 

promoting the recruitment, adhesion and 

proliferation of osteogenic elements 

(osteoblast cells) and fibroblasts (42). 

Conclusions 

 The role of osseointegration is the 

achievement of high stability of the 

dental implants, following bone 

healing processes. 

 The initiation of osteogenesis and 

formation of young bone on the 

surface of the grafted bone areas are 

mandatory for the acceptance of the 

dental implants by host tissues. 

  The osseointegration of the dental 

implants depends on the specific 

factors related both to the implant 

material properties and to the 

systemic and local status of patient.  

 The biocompatibility of the implant 

material, geometry, macro and 

microdesign as well as dimensional 

parameters are major factors that 

influence the bone-implant contact 

and long-term successful 

osseointegration.  
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