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Chapter 1

Characteristics of Implant Systems 
That Can Accelerate and Improve 
the Osseointegration Process
Sergio Alexandre Gehrke

Abstract

The research and development of new implant models modifying the micro and 
macro design has increased significantly in the last decades. With the advancement of 
knowledge about the biological behavior of these materials when implanted in living 
tissue, a great search for morphological changes at macrogeometric, microgeometric 
and even nanogeometric levels was started, to accelerate the process of osseointegra-
tion of implants, reducing the time for the rehabilitation treatment. This chapter will 
seek to demonstrate, through scientific evidence, the potential effect of the morpho-
logical characteristics of implants on osseointegration. Modifications in the surface 
treatment of implants will be discussed to improve the osseointegration process in 
terms of quality and time reduction, changes in the surgical technique used for the 
osteotomy of the implant installation site, and macrogeometric changes in the shape 
of the implant body.

Keywords: implant design, implant microgeometry, implant macrogeometry,  
rapid osseointegration, titanium implants

1. Introduction

Dental implants have become a predictable and safe form of treatment for the 
replacement of missing teeth. Surely, implants have revolutionized dentistry practice 
in worldwide, enabling the rehabilitation of patients who have lost single teeth to 
patients with loss of all teeth. Thus, various types of treatments made possible by 
improving the quality of life and patient satisfaction. Among these treatments that 
had the greatest representation, we can mention: the cases of totally edentulous 
people, who could receive implants to improve the fixation of removable dentures or 
even receive fixed dentures; patients with partial losses with a lack of posterior pillars 
(teeth) who had to wear removable dentures and could receive fixed dentures; and 
patients who had unit losses where it was possible to rehabilitate them without wear-
ing out natural healthy teeth.

Since its diffusion by Branemark in the 60s [1, 2], dental implants have been the 
object of many studies and, consequently, have undergone several changes. However, 
the base material for its manufacture, titanium, continues to be used due to its 
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excellent biological and mechanical characteristics. Surgical techniques have also 
undergone several advances and modifications. Initially, a waiting time for the begin-
ning of the rehabilitation procedures of 6 months was recommended, with implants 
installed in the bone tissue and covered by mucosa during this waiting period for 
osseointegration. With the advancement of knowledge, it was proposed that for 
implants installed in the mandible, the waiting time could be less than in the max-
illa, due to the difference in density between the two anatomical sectors. However, 
Gehrke and Tavares da Silva Neto [3], showed in a clinical study that the evolution 
of osseointegration is the same in the 2 types of bone (maxilla and mandible) and 
that the implants could be loaded in both arches with the same waiting time, as long 
as these sites who received implants were in adequate condition. On the other hand, 
new techniques aiming to speed up the treatment time and provide greater comfort 
to patients, such as post-extraction implants (immediate), immediate loading on the 
implants, implants with simultaneous bone regeneration, among others, were propos-
als and studied and, currently, are widely used.

Different changes at nano-, micro- and macro-structural levels have been 
researched and proposed with the aim of improving and/or accelerating the processes 
involved in the osseointegration of dental implants. Such possibilities became possible 
with the evolution of scientific knowledge about the events involved in the healing 
process of peri-implant tissues after implant insertion. In this sense, several types of 
surface treatment have been proposed in order to promote a physical–chemical stimu-
lation capable of accelerating the initial phases of bone neoformation on the implant 
[4, 5]. Among the main methods used to produce surface roughness of implants are 
the addition processes (e.g., titanium plasma spray, hydroxyapatite coating) and 
subtraction processes (e.g., acid etching, microparticle blasting, laser). Among all of 
them, the most used procedure currently by most of the world industry is the subtrac-
tion methods, as they have shown good results and are less costly. On the other hand, 
the addition of ions (e.g., Calcium, Magnesium, hydroxyapatite) on these surfaces at 
nano- and/or micrometric levels has shown good results for the osseointegration.

Initially, the implants had a cylindrical macrogeometry, being later proposed 
implants with macrogeometry with conical designs. Tapered shaped implants had 
advantages over cylindrical ones, especially regarding the surgical process, where 
they were shown to generate less trauma to the bone tissue resulting from the drill-
ing process used for this type of implant. In addition to this change in the body of 
the implant body, changes in the shape of the turns, which were initially triangular 
and with little depth, received other shapes, such as trapezoidal, square, and with 
greater depth and distance in the thread pitch. Also, changes in the cervical portion 
of the implants, which are in contact with the cortical bone, have been proposed. 
Among these changes, we can mention the presence of smooth (polished) surfaces, 
treated (rough) surfaces and the presence of micro-turns. Regarding the prosthetic 
connections, the implants had several alterations, being proposed different models 
of fittings, always with the intention of improving the stability of the rehabilitation 
in the long term. Figure 1 shows different types of implants and designs proposed in 
recent decades.

More recently, with scientific evidence that the installation of implants with less 
compression of the bone tissue could benefit and accelerate the osseointegration 
process, new macrogeometric models of implants were proposed. In this sense, it was 
shown that the presence of free spaces of bone tissue or the presence of uncompressed 
fragments can facilitate the cellular work of phagocytosis and bone matrix neoforma-
tion, as shown schematically in the Figure 2. This type of condition, creating a space 
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between the bone tissue and the implant, is achieved through a modification in the 
surgical technique, that is, in the relationship between the diameter of the last reamer 
used and the diameter of the implant to be inserted into the bone. Thus, in this 
chapter we will describe and discuss some advances resulting from these changes in 
the structure of dental implants during the last decades.

2. Characteristics of implants, proposed changes and results obtained

2.1 Surface treatments

The first dental implants were developed without any type of surface treatment, 
they were carried out by a machining process, which resulted in implants with a 
smooth surface. For a long time, this implant was conceived as the gold standard. 
Experimental studies comparing smooth and rough surfaces demonstrate a better bio-
logical response to the latter. With the evolution of implantology, changes in implant 
surfaces began to be carried out in order to improve osseointegration [6].

Figure 1. 
Available dental implants with different design and connections. (courtesy of Implacil De Bortoli company, 
Brazil).

Figure 2. 
Schematic image depicting the installation of an implant in a conventional technique (left) causing bone 
compression over an extensive area, and the implant insertion with spaces between the bone and the implant 
(right) decreasing bone compression area.
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The processes of changes in the surface of implants can be carried out by the addi-
tion method, when some type of material is added to the layer by means of plasma 
spray coating, or subtraction, when part of this surface layer is removed by physical 
and/or chemical processes, such as abrasion by blasting or acid etching [7]. The tex-
turing of the implant surface can influence the osseointegration process both in cell 
differentiation, after implant placement, and in the amount of calcified bone matrix 
[7, 8]. Thakral et al. [9], reported that texturing techniques in dental implants can 
influence the establishment of osseointegration, both for cell differentiation, after 
implant insertion, and for calcified bone matrix. Also, according to Wennerberg and 
Albrektsson [10], the treated surfaces result in greater bone/implant contact (BIC), 
compared to smooth implants. Thus, implants with textured surfaces are indicated 
for sites with a lower BIC at the end of surgery. On the other hand, Att et al. [11], state 
that bone is indistinctly deposited on porous or smooth surfaces. Therefore, porosity 
would not be a necessary condition for bone apposition to occur.

Regarding the initial stability of the implants, the surface treatment of the 
implants does not change the initial stability values of the implants, as shown in 
studies comparing the insertion torque and stability analysis by resonance frequency 
using implants with the same design with and without surface treatment [12, 13].

2.1.1 Machined surfaces (smooth)

Machined implants with an untreated surface are considered to have a smooth sur-
face. Machined implants with an untreated surface are considered to have a smooth 
surface. However, they have small grooves that allow the bone mineralization process 
towards the implant, but they do not have an osteoinductive surface. This type of 
surface is considered anisotropic, which is responsible for promoting the cell adhe-
sion process and the production of the protein matrix. The machined implant has a 
surface roughness between 0.5 μm and 1 μm. This smooth surface is formed a surficial 
microgroove, resulting from the machining process, produced by the passage of the 
cutting tool. This type of surface does not receive chemical or mechanical treatment, 
presenting only the micromorphology of the machining process [9]. Figure 3 shows 
representative images of a smooth surface at different magnifications.

2.1.2 Surfaces textured by the plasma spray process

Plasma spray is the type of plasma spray treatment that has been most used, which 
is elaborated with the ionized flame of a gas heated between 10000°C and 30000°C, 

Figure 3. 
Representative SEM images with different magnifications of the surface micro grooves resulting from the 
machining process, produced by the passage of the cutting tool.
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and the particles are launched at high speed against the implant body. Upon contact, 
these particles cool and solidify. Plasma spray is used to apply and incorporate Ti 
(titanium) and HA (hydroxyapatite) onto the implant surface [14].

Titanium plasma spray is formed by coating the implant with ionized gases by 
thermal spraying with titanium plasma spray. In this method, the ionized flame of a 
gas is launched against the implant wall at an elevated temperature between 10000°C 
and 30000°C. With this change, there is an acceleration of blood absorption, due to 
the effect on the wettability of this surface, there is an increase in the surface contact 
area, promoting better osseointegration [14, 15]. The titanium particle is fused on 
the surface, forming a ~ 50 μm thick layer, with the resulting coating being between 
10 μm and 40 μm, increasing the surface of the implant. Herrero-Climent et al. [16], 
carried out a comparative study between plasma spray titanium (TPS) and titanium 
oxide blasted surfaces, demonstrating that the TPS surface presented a unique pattern 
of bone matrix formation when compared to the titanium oxide blasted surface.

Meanwhile, the treatment for coating with apatite nucleation occurs through 
three stages: alkaline treatment, thermal treatment, and immersion in a synthetic 
solution equivalent to blood plasma. This layer is obtained by spraying the plasma 
spray of hydroxyapatite onto the implant surface [15]. Roughness depends on the size 
of the particles, their adhesion, the speed and distance at which they were launched 
against the implant [14]. According to De Groot et al. [17], hydroxyapatite plasma 
spray implants have already been studied and considered to have a high potential for 
osseointegration. Other authors showed that titanium implants coated with plasma 
spray of hydroxyapatite had greater amounts of bone at the bone/implant interface 
when compared to implants with smooth surface [18, 19].

2.1.3 Laser surface treatment

In this type of surface treatment, the implant’s surface is modified by irradiation 
by means of laser beams, producing erosions and a rough surface. It is considered a 
clean treatment as it does not interact with any external material during the surface 
modification process, in which the laser beam acts as a physical means in the treat-
ment of this surface [15]. Studies have shown that this method can stimulate adequate 
osseointegration to implants [20, 21]. In addition, laser treatment has the advantage 
that oriented, regular micro-grooves with different depths can be created at defined 
points on the surface [14]. Roughness sizes depend on the pulse intensity of the emit-
ting source [9]. This type of surface has been extensively studied by Ricci et al. [22], 
showing that micro sulci can modulate cell organization and, consequently, positively 
influence the osseointegration process.

2.1.4 Surface blasting by micro particles

This type of treatment for the implant surface is blasting with microparticles of 
some abrasive material (e.g., aluminum oxide or titanium oxide), which promotes 
irregular surface depressions. Ideally, there should be no adhesion of particles to the 
implant (residues), which should be removed during the cleaning and decontamination 
processes. Obviously, the roughness caused depends on the size of the microparticles 
used, the time and pressure used in the process [9, 14, 15, 21]. In Figure 4 it is possible 
to observe the result of the treatment of a surface using only the sandblasting with alu-
minum oxide particles. However, the roughness produced has sharp edges and several 
non-uniform irregularities, which can make contact and cell organization difficult and, 
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consequently, have an opposite effect to what is expected for an adequate osseointegra-
tion. Currently, this type of isolated treatment is little used by the industry.

Moreover, SEM (scanning electron microscopy) analysis of implants subjected to 
microparticle blasting, in this case aluminum oxide (Al2O3), show residues from the 
manufacturing process that can contaminate the implant surface (Figure 5), which 
would be harmful to osseointegration, as they would compete with calcium for bone 
formation. On the other hand, the use of titanium oxide in place of alumina can be an 
alternative to avoid these undesirable effects on the implant surface [23–25].

In this sense, Gehrke and Collaborators, comparing implants blasted with alumi-
num oxide and titanium oxide, demonstrated that the residual particles from blasting 
can interfere in the osseointegration process in these places where they are present 
[23]. Moreover, in other studies using in vitro and in vivo tests, were demonstrated an 
excellent biologic response of the surfaces treated by sandblasting with microparticles 
of titanium oxide [24], with minimal risk of contamination by the residual debris 
from the blasting procedure [25].

Figure 5. 
SEM image showing some locations, among several in the same sample, with the presence of residual 
microparticles on a blast-treated surface. This surface continued to show the presence of residues even after the 
washing and decontamination process.

Figure 4. 
SEM images of a surface treated by sandblasting with aluminum oxide, where we can observe in higher 
magnifications the presence of sharp edges and other deformations resulting from this surface treatment process.
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2.1.5 Surface blast treatment followed by acid etching

As described above, the sandblasting process, which can be done by different par-
ticles (e.g., aluminum oxide or titanium oxide) and different sizes (150–500 μm), cre-
ates deep, amorphous roughness and can leave sharp edges sharp on the surface of the 
implants. Therefore, acid etching was used after the blasting process, leaving a much 
more regular surface, and eliminating (rounding) the peaks left by the first process. 
This union between the 2 types of treatment was called and patented as SLA surface 
(Sandblasted, large grit, acid-etched implant surface) by the Straumann Company. 
For the treatment of SLA Straumann surface implants, blasting with coarse-grained 
aluminum oxide (250–500 μm) is initially performed, producing macro-roughness in 
the implant, followed by an acid etching (HCl/H2SO4), which is responsible for the 
microroughness on this surface [6]. However, this treatment model is used by several 
companies, with variation both in the blasting process and in the acid etching process.

In this sense, comparing 2 different models of implant surface blasting with alumi-
num oxide and titanium oxide and subsequent etching by different acids in scanning 
microscopy images, we can observe that the texture of the surfaces has a different 
morphology between them, as shown in images in Figure 6.

To accelerate and improve the osseointegration process of this type of SLA surface, 
the processing means were modified, being made under nitrogen atmosphere and 
later stored in isotonic NaCl (sodium chloride), this surface being called SLActive. 
Thus, these implants could provide a more active osseointegration process than other 
implants [26] and, consequently, could be loaded with a reduced waiting time. In this 
new technique, the surface is hydroxylated, and this chemical change improves the 
surface structures, which are ideal for protein adsorption and to promote immedi-
ate implant intent into bone tissue. The SLActive surface was developed to optimize 
implant stability in less time and reduce treatment risks in the early stages [27]. Rupp 
et al. [27], demonstrated that the SLActive and SLA surfaces did not show apparent 
differences when both had the same topography, however, statistically significant 
differences were observed within two or four weeks of BIC repair (bone/implant con-
tact). This demonstrates that the changes were not a consequence of the topography, 
but that they were probably due to changes in the chemical structures made on the 
surface. Oates et al. [28] demonstrated that accelerated bone formation can influence 

Figure 6. 
Images obtained by SEM at 100x magnification, showing 2 different models of implant surface sandblasting: (a) 
with aluminum oxide and (b) with titanium oxide. Both received further conditioning by different acids. We can 
observe that the surface texture has a different morphology between them.
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implant stability. Also, in that same study, the authors observed that the transition 
time from primary stability to secondary stability was two weeks for SLActive surface 
and four weeks for SLA.

2.1.6 Acid conditioning treatment

The surface treatment by conditioning through acids is made by immersing the 
implant in an acidic substance, which causes erosion on this surface. Acid concentration, 
time and temperature are determining factors of the surface microstructure. On the 
smooth surface, the most used process is the double acid attack, carried out with sulfuric 
acid and hydrochloride [29]. This surface treatment process provides a very uniform mor-
phology, however, with less depth of ripple compared to SLA-type surfaces. An advantage 
of this type of treatment is that it supposedly does not leave residues of contaminants in 
your process. In Figure 7 we can see an implant surface treated by acid etching.

2.1.7 Anodized surfaces

In the case of nanotextured surfaces, treated with anodizing, they receive an extra 
layer of titanium dioxide. Thus, these surfaces are obtained using the implant as an 
anode, activating ions, and applying an electrical potential, which generates charge 
and ion transfer reactions. Controlled, the electric field will guide the oxidation 
process that takes place on the implant and results in an increase in the thickness of 
the titanium oxide (TiO2) layer. With the increase of this titanium oxide layer and the 
addition of other elements, such as phosphate (PO4), there is a potentialization of 
osseointegration [9].

Corrosion resistance and biocompatibility are related to the presence of a non-
reactive oxide layer, which prevents the formation of fibrous tissue around the 
implant and creates a direct contact with the bone tissue [21, 27]. Implants with 
this surface treatment are less dependent on chemical composition, as the resulting 
process is defined by a complementary increase in bone-implant contact [30]. This 
type of surface treatment has become well known in the implantology field for being 
used in implants from the Nobel Biocare company (Sweden). Figure 8 shows images 
obtained by SEM of the surface of an anodized implant.

2.1.8 Biomimetic surfaces

Abe et al. [31], presented a procedure that allowed to cover the implant surface 
with a uniform layer of HA similar to the biological layer, up to 15 μm thick, called 
the biomimetic method. This type of surface treatment consists of the heterogeneous 

Figure 7. 
SEM images at different magnifications of an acid-etched implant surface.
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precipitation of calcium phosphate under physiological conditions of temperature 
and pH on the dental implant, using a solution of ions similar to blood plasma with 
a view to deposition of the apatite layer. Once the molecules are integrated into the 
material structure, they are gradually released, thus being able to increase bone 
conductivity and enhance bone formation around the implant [32]. Currently, 
calcium phosphate is one of the main biomaterials for bone tissue replacement and 
regeneration, as its main characteristics are similar to the mineral phase of bone 
tissue, excellent biocompatibility, bioactivity, absence of toxicity, degradation rates 
variables and osteoconductivity [32]. Another advantage of this surface treatment is 
that biologically active molecules, such as osteogenic agents, can be precipitated as 
inorganic components to form a matrix with both osteoinductive (growth factors) 
and osteoconductive (calcium phosphate layer) properties [21, 27]. Figure 9 shows 
SEM images of an implant surface treated by the biomimetic method.

Studies on this type of surface have shown greater contact between bone and 
implant on surfaces with biomimetic calcium phosphate coatings than on untreated 
surfaces [21]. Huang et al. [33], investigated the effects of chemical and nanotopo-
graphic modifications in the initial stages of osseointegration, and the results showed 
a greater removal torque and greater bone apposition for implants with chemical 
nanotopographic modifications. Recently, we presented in a study of adhesion, cell 
growth and in vitro mineralization using a surface with deposition of hydroxyapatite 
nanoparticles showed a superior result to the control group [23]. Furthermore, our 
group studied the deposition of calcium–magnesium on the surface of implants, where 
an acceleration and improvement in the osseointegration of implants inserted in rabbit 
tibiae was observed histomorphometrically, compared to implants with surface treated 
by blasting with titanium oxide and conditioning acid.

Figure 8. 
SEM images with different magnifications of an implant surface treated by the anodized method.

Figure 9. 
SEM images at different magnifications showing an implant surface treated by the biomimetic method.
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In conclusion, we can say that the main results of surface treatments with the aim 
of improving osseointegration were to accelerate the osseointegration time, allowing 
the anticipated loading of implants. On the other hand, osseointegration occurs on 
the surfaces of dental implants, regardless of whether these are treated or not. Surface 
treatments improve the result of osseointegration, especially in the initial stages, 
benefiting a bone apposition with qualitative and quantitative density. Despite the 
results presented, the dental literature is not unanimous as to the best type of surface 
treatment.

2.2 Implant body shape

Bone density and quality, surgical technique and implant body geometry are 
factors to be considered to obtain a shorter period of osseointegration, thus enabling a 
reduction in treatment time [34]. The relationship between these factors will deter-
mine the initial stability of the implant, defined as the absence of movement after 
its surgical insertion [35–38]. According to some studies [34, 39, 40], the success of 
implants is dependent on the initial stability achieved, as this is a prerequisite for bone 
cell differentiation and osseointegration [41]. The shape of the implant has been one 
of the most contested variables among engineers and researchers, as it can directly 
influence the biomechanics of the implant inserted into bone tissue [42].

Regarding the implant body shapes most frequently found on the world market, 
we have cylindrical, semi-tapered and tapered implants, as shown schematically 
in Figure 10. Currently, most implant manufacturing companies use the last two 
implant designs mentioned above (semi-tapered or tapered). Initially, tapered 
implant designs were introduced in implant dentistry with the main advantage of 
producing better initial stability compared to cylindrical implants. Later, several stud-
ies were developed and published comparing the tapered with the cylindrical implant 
designs [43–45]. Recently, new discoveries about the advantages of these designs were 
observed, such as and, mainly, the lesser surgical trauma during the drilling proce-
dures and insertion of these implants in the bone tissue [46].

Other authors have shown that the use of implants with a conical design can 
increase stability in low-density bone, since results demonstrated greater contact 
osteogenesis with this type of design [45]. However, the difference in this stability 
between implants with different designs has not been sufficiently investigated, with 

Figure 10. 
Representative images of 3 implant designs: (a) cylindrical implant, (b) semi-tapered implant and (c) tapered 
implant.
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disagreements about the fact that the tapered implant shows higher values of initial 
stability when compared to the cylindrical implant [47] or not cylindrical [48].

For years, companies have sought to commercialize the tapered shape in order to 
combine the advantages of the two designs, considering that a tapered implant creates 
a basis for adequate primary stability, by allowing the gradual expansion of thin bone 
crests and determining a minimum of possible stress at the interface with the sur-
rounding bone [49]. In addition, tapered implants can be used in different clinical 
situations, being installed with less damage to the bone bed, but their installation in 
the lower arch has not been widespread, as it is strongly recommended for areas with 
low density bone or bone beds after dental extractions [50].

2.3 Shape of the implant threads

During the last decades, different implant macrogeometries have been proposed 
and marketed, with variation in different points, such as body design, cervical and 
apical design, threads design, among others. As for the thread design, these can 
be found with square, V-shaped, trapezoidal and inverted trapezoidal shapes [45]. 
Figure 11 demonstrates different implant coil designs presented and marketed by 
different implant companies.

For some authors, implants with narrow pattern threads increase the surface area, 
leading to a more favorable stress distribution, and achieving higher primary stability 
values [51, 52]. In addition, stresses are more sensitive to thread pitch in cancellous bone 
than in cortical bone [53]. However, considering that the ideal implant should provide a 
balance between compression and traction forces, minimizing the generation of shear 
force, the square shape was designed to reduce such force at the bone-interface. Implant 
and increase the stability of the implant [53]. Thread depth, thickness, angle, end and 
helical angle are some of the various geometric patterns that determine the functional 
surface of the thread and affect the distribution of biomechanical loads on implants [7].

Figure 11. 
Images of different designs of implant threads produced and marketed.
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Transforming shear forces into resistance forces at the bone interface is the 
proposal to incorporate threads into the body of implants [54, 55]. This is why most 
implants are currently threaded, as non-threaded implants essentially result in shear 
forces at the bone-implant interface [26, 56–58]. Kohn et al. [59], demonstrated that 
the tension is more concentrated in the area of contact between the bone and the crest 
of the thread and that this tension decreases from the crest to its most basal portion. 
It has been proposed that threads, due to their shapes, would generate heterogeneous 
stress fields within the “physiological overload zone”, thus promoting new bone 
formation [60], which would justify the formation of bone in intimate contact with 
the crest of the threads. However, it should be noted that the threads have different 
shapes, therefore different distributions of forces and biological responses, which will 
be discussed below.

The functional surface area per unit of implant length can be modified by varying 
3 parameters of the thread geometry: pitch, shape and depth [61]. The shape of the 
thread is a very important feature of its general geometry. The shape of the thread can 
change the direction of occlusal loading of the prosthesis to different directions in 
the bone. Under axial loads, a triangular thread is comparable to a trapezoidal thread 
when the face angles are similar, which are usually 30 degrees [62]. It has been sug-
gested that a square thread design reduces the shear force component, transferring 
the axial force that falls on the prosthesis to the implant body in a more axial fashion, 
favoring bone compression [63]. This would be particularly important for the bone 
crest region, where, according to Lum [64], most occlusal forces are distributed. 
Therefore, implant design considerations that reduce the development of shear forces 
at the bone-implant interface can improve long-term success, particularly in low-den-
sity bones [65]. The original Bränemark implant, introduced in 1965, had triangular 
threads, to be installed in place with threaded osteotomy16. The initial design has been 
modified over the years to allow for a simpler and more efficient installation, as well as 
a better distribution of loads. Albrektsson et al. [66], recommend that the top of the 
threads be rounded to relieve stress concentration.

The thread pitch is defined as the number of threads per unit of length in the same 
axial plane and on the same side of the axis of the implant body [61]. The smaller the 
pitch, the greater the number of threads in the implant body, and therefore the greater 
surface area. So, if the magnitude of force is increased or bone density is reduced, the 
thread pitch can be reduced to increase the functional surface area, thus improving 
the stress distribution. Ease of surgical insertion is also associated with the number of 
threads. The smaller the number of threads, the easier the implant insertion. In denser 
bones, however, a smaller number of threads is more favorable, since the hard bone 
offers greater resistance during insertion of a threaded implant [61]. Another important 
factor to be discussed is the difference between the final milling dimension proposed by 
the manufacturer and the implant body. Usually, the dimension of the last reamer used 
for the osteotomy corresponds to the diameter of the implant body. Thus, the deeper 
the turns, the greater this difference will be, causing a greater insertion of the implant 
(threads) into the bone tissue. Figure 12 schematically shows the difference between 
the cutter and the implant in two different thread models.

Other concept is the “double-thread” and “triple-thread” implants has been 
recently introduced [63]. These implants have been associated with faster threading in 
the surgical alveolus and with an increase in primary stability, as they require a higher 
insertion torque, and are indicated for cases of low density bone [67]. However, the 
number of threads, their depth and the total surface area are exactly the same regard-
less of the number of threads, whether single, double or triple.
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Instead of using a single instrument to make a 0.6 mm thread for each turn on the 
device, 2 or 3 instruments make 2 or 3 turns at the same time. These 2 or 3 devices 
are independent, starting 180° apart from each other and are also 0.6 mm threaded 
apart. In other words, a single thread contours the implant body 0.6 mm apart and the 
double thread 1.2 mm apart, on the same surface area. This technique allows installa-
tion of the implant in half the time [63].

The triangular thread shape has a 10 times greater shear over the bone than a square 
thread and is similar to the trapezoidal thread [61]. Square threads have an optimized 
surface area, which is great for transmitting intrusive and compressive loads, resulting in 
less bone tension. Trapezoidal threads are optimized to resist tensile loads [68]. Implants 
with reverse trapezoidal threads have fewer and shallower threads [63].

Another advance in the shape of threads has been the introduction of round shapes, 
which are said to induce osseocompression [63]. A round-shaped design has shown, in 
histological observations in animals, the formation of lamellar bone by osseocompres-
sion [69]. This allows the bone to be shaped and compacted circumferentially.

Thread depth refers to the distance between the largest and smallest diameter 
of the thread. Traditional implants offer a uniform thread depth, however this can 
be varied along the length of the implant in order to provide a functional surface 
area in the most intense stress regions (such as the alveolar bone crest region) 
[61]. Regarding the quality and percentage of osseointegration, Steigenga et al. 
[70], analyzed the effect of 3 types of threads (triangular, square and trapezoidal) 
through histomorphometric and reverse torque analyses. They found a significantly 
higher reverse feel and percentage of bone-to-implant contact for implants with 
square threads. No significant difference was found between the tests for implants 
with triangular and trapezoidal threads, corroborating the results of other studies 
with different methodologies [61, 62, 70]. It should be considered that the different 

Figure 12. 
Schematic images of the difference between the final reamer used for the osteotomy of each implant model and the 
thread depth that would be introduced into the bone tissue.
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shapes of the threads cause different distributions of forces and biological responses 
[56, 57, 59, 60, 62, 71, 72].

2.4 New implant macrogeometries

Modifications in the morphology and roughness of the implant surface were initially 
attempted not only to accelerate the host’s response to the implant, but also to increase the 
level of mechanical locking between the bone and the implant surface, thus improving 
initial stability and subsequent dissipation loads during the functional requirements of 
the system [72]. Numerous studies based on histological tests have shown that surface 
texturing, created by different processes, leads to greater contact between bone and 
implant compared to the machined surface [6, 10, 73], which is a desirable answer to 
improve the overall biomechanics of the system, as show in the Section 2.1 of the present 
chapter. However, recently, new implant designs have been developed that seek, mainly, 
to accelerate and improve the quality of osseointegration through the concept of decreas-
ing bone tissue compression during implant installation.

In most implant systems, osteotomy is recommended using the last drill with a 
diameter slightly smaller than the diameter of the implant, so that it can be inserted 
with a high degree of torque. Obviously, the more undersized the site that will receive 
the implant, the greater the insertion torque. However, studies have shown that 
high levels of torque can cause high compression of bone tissue, which can lead to 
extensive bone remodeling over time [74]. Several other studies have shown that, 
depending on the implant insertion torque and the physiological tolerance limit, 
microfractures or compression osteonecrosis may occur [75–77].

In this sense, it was recently proposed in some studies that approximating the 
osteotomy diameter with the diameter of the implant that will be implanted can 
facilitate and improve osseointegration [77, 78]. This fact was demonstrated in other 
animal studies, in which implants that were installed with high torque had a certain 
amount of necrotic bone inside the threads of the implants, while in samples where 
a perforation with a diameter closer to the diameter of the implant, greater new 
bone formation [78]. In this case, the free space created within the implant threads, 
resulting from the diameter-drill-implant relationship, was called healing chambers 
(Figure 13).

Figure 13. 
Schematic images of the relationship between the osteotomy (blue lines) and the implant diameter inserted. In the 
left image the regular osteotomy and in the right image the oversized osteotomy generating the healing chambers.
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In order to reduce the compression during insertion of the implant into bone 
tissue, two new implant models were recently launched on the world market, the BLX 
Straumann model (Basel, Switzerland) and the Maestro Implacil De Bortoli model 
(São Paulo, Brazil), that are presented in the Figure 14.

The first model (BLX Straumann implant) has technical recommendations to 
avoid bone compression, that during the execution of movements for insertion, 
whenever the torque of 35 N is reached, the professional must perform anti-rotational 
turns movements (removal torque) and then go back to inserting, repeating this 
movement whenever necessary. Thus, with a torque value below 35 N, bone tis-
sue compression would be low, facilitating the osseointegration process. While in 
the second model described (Maestro Implacil implant), healing chambers were 
created in the implant body, which consist of small circular cavities 0.2 mm deep 
by 0.5 mm in diameter, as shown in Figure 15. With the presence of these healing 
chambers, bone tissue decompression occurs automatically during its insertion, not 

Figure 14. 
Image of both implant models recently launched on the world market that were developed to reduce bone 
compression during the insertion process.

Figure 15. 
SEM image of the healing chambers that were created in the implant body, which consist of small circular cavities 
0.2 mm deep by 0.5 mm in diameter.
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requiring any additional maneuvers. As reported in our studies of this new implant 
macrogeometries, this implant model has a reduced insertion torque compared to the 
model that does not feature healing chambers but did not show lower initial stability 
values measured by resonance frequency [12, 79–81].

3. Conclusions

Within the exposed in this chapter, we can conclude that there is no implant with 
ideal characteristics, whether from a nano-, micro- or macrogeometric point of view. 
However, great advances in the knowledge of biological processes involving implant 
osseointegration have been discovered in recent years, which allowed a better under-
standing of these events. Undoubtedly, the new macrogeometric designs, based on 
the biological concept of minimizing surgical trauma, brought important advances in 
terms of accelerating the osseointegration process and, mainly, being able to benefit 
patients with systemic and/or local weaknesses that could negatively interfere in the 
process of implant osseointegration.
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Abstract

Osteoporosis is a disease characterized by low bone mass and microarchitectural 
deterioration of bone tissue, leading to enhanced bone fragility and susceptibility 
to fractures. Osteoporosis also results in loss of bone mineral density throughout 
the body, including the maxilla and mandible. Successful osseointegration of dental 
implants is attributed to their ability to integrate well with bone. The influence of 
bone quality on dental implant osseointegration has been discussed in several studies, 
and higher rates of dental implant failure have been reported in patients with low 
bone quality and an inadequate bone volume. Osteoporosis represents a risk factor 
for osseointegration, and this relationship may be derived from the association of the 
disease with a deficiency in bone formation. This condition would compromise the 
healing capacity and the apposition of bone at the implant interface. Currently, there 
is no clear consensus regarding dental implant treatment in osteoporotic individuals. 
Studies have revealed contradictory reports regarding the success and failure of dental 
implants in patients with osteoporosis. Antiresorptive agents have been widely used to 
treat osteoporosis. Dental implant placement in patients on bisphosphonate therapy 
may trigger osteonecrosis of the bone. Hence, it is important to analyze factors that 
have to be taken into consideration prior to implant therapy in patients with osteopo-
rosis and those undergoing treatment. This chapter outlines dental implant osseointe-
gration under osteoporotic conditions. The possible effect of bisphosphonate therapy 
on dental implant survival will also be discussed based on the current literature.

Keywords: osteoporosis, osteopenia, bisphosphonates, osseointegration, implant, bone 
mineral density, risk factors

1. Introduction

Osteoporosis is a systemic skeletal disease that deteriorates bone mass and 
strength and affects the microarchitecture of bone, thus increasing bone turnover 
and bone fragility [1]. Osteoporosis is categorized into primary and secondary types. 
Primary osteoporosis is considered decreased bone density attributed to aging, post-
menopausal conditions and idiopathic osteoporosis. Secondary osteoporosis occurs 
in patients with predisposing factors, such as other endocrinopathies and a history 
of using some drugs. Osteoporotic bone is characterized by a decreased thickness, 
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deranged trabecular structure, reduced mineral content, as well as an increased 
carbonate-to-phosphate ratio [2]. The reduction in osteoid formation is attributed 
to the absence of or a deficit in pre-osteoblast differentiation into osteoblasts or a 
reduction in the number of osteoprogenitor cells and defects in their proliferation and 
differentiation [3].

Dental implant placement has become a common and frequent option for tooth 
replacement. The success of dental implants largely depends on their osseointegration. 
Factors that interfere with osseointegration act as potential threats to implant survival. 
Osteoporosis is considered a questionable condition in dental implant placement since 
it affects the jaw bones, and bisphosphonates (BPs) are the first line of therapy [4–6]. 
Local and systemic factors can influence the osseointegration. The implant surface 
and the bone are the main interacting entities, and changes to these affect the healing 
and osseointegration of the implant. It is recognized that any compromise in the bone 
quality and quantity adversely affects the osseointegration. A microrough implant 
surface results in better osseointegration than a smooth implant surface. The relation-
ship between osteoporosis and bone formation around implants is still unclear [7, 8]. 
Osteoporosis in the elderly, especially in postmenopausal women, is significantly 
correlated with tooth loss [9]. In fractures, delayed bone healing occurs due to low 
bone density, poor bone quality and osseous microstructural changes [10]. The endos-
seous implant healing mechanism is similar to that of bone fracture healing; hence, 
it is reasonable to assume that dental implant survival may be negatively affected by 
osteoporosis [11]. Animal studies have shown a relatively low rate of osseointegration 
in an osteoporotic environment [12, 13]. While most of these experimental studies 
were carried out on long bones rather than jaw bones, [14] studies of experimentally 
induced osteoporosis in the mandible failed to show a significant difference in peri-
implant bone formation [15–18].

2. Pathophysiology of osteoporosis

Osteoporosis is a condition characterized by decreased bone mineral density 
and deteriorated bone microarchitecture and hence compromised bone quality. 
Osteoporosis can be classified into primary and secondary types. Primary osteoporo-
sis can also be subclassified as type I and type II osteoporosis [17]. Type I osteoporosis 
occurs primarily due to the loss of trabecular bone, leading to distal forearm and 
vertebral body fractures. Type II osteoporosis is also known as senile osteoporosis and 
mainly occurs in men and women over the age of 70 years due to the loss of corti-
cal and trabecular bone. Osteoporosis may also result from genetic and endocrine 
disorders, hypogonadal states, deficiencies, drug-induced and inflammatory states, 
and hematologic and neoplastic disorders as secondary causes. Estrogen deficiency 
is thought to be critical in the pathogenesis of postmenopausal osteoporosis. In the 
postmenopausal period, the bone structure changes due to estrogen deficiency, and 
osteoporosis can occur as a result of an imbalance in bone remodeling leading to 
enhanced bone resorption [3].

Osteoporosis leads to bone demineralization, which begins to manifest clinically 
in the fourth and fifth decades of life. Modifiable and nonmodifiable risk factors 
are responsible for osteoporosis [19]. Nonmodifiable risk factors include age, sex, 
genetic factors and early menopause, while modifiable risk factors include inadequate 
calcium consumption, lack of exercise, and behavioral factors, such as smoking and 
alcoholism. Other factors that can contribute to the development of osteoporosis 
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include certain endocrine diseases, such as hyperparathyroidism, chronic renal and 
hepatic disease, malabsorption, and the use of certain drugs, such as oral glucocorti-
coids [18, 19].

The role of estrogen in the development of osteoporosis is well documented. 
Studies have shown that sex steroids, particularly estrogen, are important in develop-
ing peak bone mass and that estrogen deficiency is an important determinant of bone 
loss in both sexes [20, 21]. Estrogen can directly and/or indirectly affect osteoclasts, 
osteoblasts and osteocytes. It has been firmly established that these cells express func-
tional estrogen receptors, [22] and studies have clearly demonstrated that estrogen 
can induce osteoclast apoptosis through the osteoclast-specific deletion of estrogen 
receptors. This can reduce osteoclast apoptosis and increase the osteoclast lifespan, 
which results in decreased trabecular bone mass (Figure 1) [23, 24]. Aging and 
estrogen deficiency may lead to an impairment in bone formation involving oxida-
tive stress. Estrogen deficiency can also lead to a marked increase in NF-kB activity 
in osteoblasts. In osteoporotic patients, estrogen treatment induces the expression 
of sclerostin, a potent inhibitor of bone formation [25]. As sclerostin is expressed by 
osteocytes, estrogen also affects osteocytes. Estrogen deficiency may enhance the 
rate of bone loss by stimulating the synthesis of several inflammatory cytokines that 
regulate osteoclast generation, such as IL-1, IL-2, IL-6, and prostaglandin E [26].

A recent study among Swedish women showed a previous history of fracture and 
low bone mineral density as important factors that can lead to an increased rate of 
hip and fragility fractures among them [27]. Another study conducted in the United 
States revealed that several factors, such as age, self-reported health, weight, height, 
self-reported physical activity, history of fracture after the age of 50, parental hip 
fracture, smoking, use of corticosteroids, and treated diabetes, may be early indica-
tors of hip fractures [28]. Factors associated with an increased risk for osteoporosis in 
men include glucocorticoid treatment, hypogonadism, excessive alcohol consump-
tion, anticonvulsant use, osteomalacia, severe hyperthyroidism, and bone marrow 
neoplasia [29].

3. Dental implants and osteoporosis

Osteoporosis causes a range of skeletal changes that may impact the feasibility 
of dental implant placement. Greater alveolar ridge resorption, altered trabecular 

Figure 1. 
Orthopantomogram of a 65-year-old patient with osteoporosis. Note the area of low bone density, alveolar bone 
loss and tooth loss.
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patterns in the anterior maxilla and posterior mandible, erosion of the inferior border 
of the mandible and increased resorption and thinning of the inferior mandibular 
cortical margin have been reported among osteoporotic individuals [30, 31]. Subjects 
with osteoporosis show a decreased number and thickness of trabecular plates as a 
characteristic feature of the disease. There have also been anecdotal reports that the 
incidence of maxillofacial fractures during the placement of endosseous implants 
is increased in patients with osteoporosis [32]. Additionally, bone changes evident 
on panoramic radiographs can be correlated with general osteoporosis, and dental 
radiography can serve as both a reliable indicator of bone loss in osteoporosis and a 
useful tool for diagnosing skeletal osteoporosis [33].

The osseointegration of an implant is a wound healing process that depends 
upon the quality, quantity, and healing capacity of the host bone and various other 
systemic conditions. Osseointegration is based on intimate bone-implant contact 
achieved during healing. Thus, any condition affecting bone quality or quantity or 
microarchitectural changes in bone structure, including a reduction in the cancellous 
bone volume and bone-implant contact, could theoretically have a negative impact 
on the survival and function of an endosseous implant [34]. There are relatively few 
absolute contraindications to rehabilitation with dental implants, including a recent 
myocardial infarction or cerebrovascular accident, history of valvular prosthesis 
placement, immune suppression, bleeding issues, active treatment of malignancy, 
drug abuse, psychiatric illness, and intravenous BP treatment [35]. Some relative 
contraindications and conditions that may unfavorably impact the outcomes of dental 
implant placement discussed in the literature include adolescence, aging, osteopo-
rosis, smoking, diabetes, positive IL-1 genotype, human immunodeficiency virus 
infection, cardiovascular disease and hypothyroidism [36–38]. Controversy about the 
importance and effects of osteoporosis in dental therapy has continued [39].

In a study of implant placement in patients diagnosed with osteoporosis, Friberg 
et al. [40] found a success rate of 97% for the maxilla and 97.3% for the mandible on 
follow-up. Most studies have shown that it is feasible to place implants in subjects with 
osteoporosis, with success rates similar to those in healthy subjects, even in cases of 
poor bone quality during or after placement [4, 41–44].

4. Osteoporosis in implant Osseointegration

The osseointegration of an implant can be affected by the characteristics of the 
implant, the surgical procedure, and patient-dependent variables that can affect 
the quantity and quality of bone (Table 1). Osteoporosis, characterized by bone 
loss, microstructural alterations and a reduced bone regeneration capacity, has been 
considered a potential contraindication to or risk factor for dental implant place-
ment. It has been established that osteoporosis affects the jaw in the same manner as 
other bones of the skeleton and thus may also alter the metabolic microenvironment 
of bone around the implant [56]. Bone is constantly metabolized throughout life by 
bone-resorbing osteoclasts and bone-forming osteoblasts. Osteocytes play an active 
role in modulating the process of bone metabolism through the lacunocanalicular 
system [57, 58]. Studies in osteoporotic animal models have shown altered osseoin-
tegration, especially in trabecular bone, which resulted in a significant reduction in 
bone-implant contact [59–61].

Elucidation of the role of osteocytes in peri-implant bone remodeling will help 
clarify the dynamics of bone metabolism following osseointegration. Since osteocytes 
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are the terminal cells of osteoblasts, understanding the relationship between osteo-
cytes and implants will also shed light on the relationship between osteoblasts and 
implants in early bone formation. Research on the influence of estrogen deficiency 
and its treatment with alendronate and estrogen on bone density around osseointe-
grated implants in rats has shown that estrogen deprivation has a negative effect only 
on trabecular bone and that treatment with estrogen and alendronate can effectively 
prevent bone loss around osseointegrated implants [62]. Histological studies in 
humans have also shown the osseointegration of implants retrieved from osteoporotic 
individuals [63, 64]. A histological study that evaluated the bone-implant contact of 

Author (year) Study type/sample size Follow-up 
period

Result/outcome

Becker et al. 
(2000) [45]

Retrospective case–control
49 cases, 49 controls,

5 osteoporosis, 7 osteoporosis

3.9 years No association between dual-
energy X-ray absorptiometry values 

or diagnosis of osteoporosis and 
implant loss

Friberg et al. 
(2001) [40]

Retrospective cohort
13 cases of osteoporosis

3.4 years Successful implantation in 
osteoporosis provided adapted 

bone technique used and increased 
healing time allowed

von Wowern 
and Gotfredsen 
(2001) [46]

Retrospective cohort, 7 cases 
of osteoporosis, 11 controls

5 years Mandibular osteoporosis a risk 
factor for peri-implant bone loss

Amorim et al. 
(2007) [47]

Retrospective case–control
19 cases of osteoporosis,  

20 controls

9 months No difference in implant survival 
between the two groups

Amorim et al. 
(2007) [47]

Prospective, 19 cases of 
osteoporosis, 20 controls

9 months Failure in 1 (2.56%) case of 
osteoporosis, 0 controls

Alsaadi et al. 
(2008) [48]

Retrospective study,187 total, 
29 cases of osteoporosis

2 years Failure in 0 cases of osteoporosis 
and 14 controls

Alsaadi et al. 
(2008) [49]

Retrospective, 19 cases of 
osteoporosis, 393 controls

2 years Failure in 9 (13.24%) cases of 
osteoporosis and 92 (6.3%) controls

Holahan et al. 
(2008) [50]

Retrospective,94 controls,  
57 cases of osteopenia, 41 

cases of osteoporosis

10 years No difference between controls and 
cases; equal implant survival in all 

groups.

Dvorak et al. 
(2011) [51]

Cross-sectional,46 cases of 
osteoporosis, 16 cases of 
osteopenia, 115 controls

6 ± 4 years Failure in 6 (13%) cases of 
osteoporosis, 3 (18.75%) cases of 

osteopenia, and 15 (13%) controls

de Souza et al. 
(2013) [52]

Retrospective, 6 cases of 
osteoporosis, 186 controls

1 year Failure in 12 (50%) cases of 
osteoporosis and 203 (29%) 

controls

Famili and Zavoral 
(2015) [53]

Case–control study, 30 
patients

2 years No difference: 100% survival

Siebert et al. 
(2015) [54]

Prospective study, 24 
patients

1 year 100% implant survival

Temmerman et al. 
(2017) [55]

Prospective study, 48 
patients

1 year 100% implant survival

Table 1. 
Studies evaluating the outcome of dental implants among subjects with osteoporosis.
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failed implants after retrieval showed no differences between implants originating 
from patients with and without osteoporosis [41]. The most important complication 
of implant placement in osteoporotic patients is bisphosphonate-related osteonecrosis 
of the jaw (BRONJ), that interferes with osseointegration. BPs act by inhibiting and 
inducing the apoptosis of osteoclasts, increasing collagen synthesis and inhibiting 
osteoblast proliferation. A systematic review showed that the placement of dental 
implants in osteoporotic patients who used oral BPs for less than five years did not 
develop BRONJ and that most adverse effects were related to the intravenous adminis-
tration of BPs [65].

5. Dental implants and bisphosphonate therapy

Bisphosphonates are widely prescribed for the management of osteoporosis. They 
are pyrophosphate analogs containing a phosphate-carbon-phosphate bond, which is 
stable against chemical and enzymatic hydrolysis. BPs strongly bind to hydroxyapatite 
(HA) crystals and potently inhibit osteoclast-mediated bone resorption while mini-
mally inhibiting osteoblast activity [66]. BPs are used for increasing or maintaining 
bone mass and reducing excessive bone turnover [67]. By inhibiting osteoclast-medi-
ated bone resorption, BPs contribute to an increase in bone mineral density as well as 
a decrease in the risk of fracture [68, 69]. Two routes of administration are commonly 
used: oral and intravenous. BPs act almost exclusively on bone when administered 
at physiological doses because of their specific affinity to bone; they are deposited 
both in newly formed bone and in proximity to osteoclasts. The half-life of BPs in the 
circulation is quite short, ranging from thirty minutes to two hours [70]. However, 
once incorporated into bone tissue, they can persist for up to 10 years, depending 
on the skeletal turnover time [71]. Oral BPs are commonly used in the treatment of 
osteoporosis, Paget’s disease, and osteogenesis imperfecta, whereas intravenous BPs 
are used in the treatment of osteolytic tumors, hypercalcemia of malignancy, multiple 
myeloma, bone metastases from solid tumors, and other tumors [72, 73]. The most 
common oral BPs are alendronate (Fosamax), risedronate (Actonel), and ibandronate 
(Boniva).

There have been conflicting reports regarding installation of dental implants in 
patients undergoing bisphosphonate therapy [74, 75]. Experimental studies have 
shown a positive effect of BPs on peri-implant bone in experimental animals [76, 77]. 
Although some studies have reported that BPs have no effect on implant stability, [78] 
a few other reports have suggested that BPs may have a negative impact on osseoin-
tegration. Additionally, osteointegration failure has been reported in patients on BP 
therapy [79–81]. Current guidelines indicate that implant placement may be avoided 
if the patient has a serious bone disease or is on high doses of BPs. Osteoporotic 
patients on lower doses need to provide fully informed consent before proceeding 
with treatment, and patients with existing implants on BP therapy should be regularly 
monitored. Increased bone density around the implant may also occur. If bone pain 
or loss of integrity occurs, the superstructure should be removed, and the implant 
should be left submerged [82]. In such cases, bone surgery must be avoided because 
the bone is exceedingly dense, and avascular necrosis may occur (Figure 2).

The chances of developing osteonecrosis depend on the potency and duration of BP 
exposure [84–86]. BRONJ is a condition characterized by nonhealing exposed necrotic 
bone in the mandible or maxilla persisting for more than 8 weeks in a patient who has 
taken or is currently taking a BP and who has no history of radiation therapy of the 
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jaw [84, 87]. Incidents of osteonecrosis of the jaw have been reported in persons using 
BPs and undergoing invasive dental treatment procedures, including tooth extrac-
tion, dental implant placement, and surgical and nonsurgical periodontal treatment 
[88, 89]. Although BPs have been reported to cause oral mucosal alterations, the 
changes occurring in the jaw bone are of greater significance to the dentist [90, 91]. 
Osteonecrosis of the jaw is less often reported among patients who have received 
treatment with oral BPs at lower doses, used for osteoporosis, than among patients who 
have received treatment with higher doses, used for metastatic cancer. Even though the 
exact incidence of BRONJ is unknown, reports have estimated it to be approximately 
1 in 10,000 for intravenous BPs. There is also an incomplete understanding of how BP 
therapy may affect tissue healing and the success rate of dental implantation [75, 80]. 
Advanced cases of BRONJ can lead to pathological fractures, especially in edentulous 
patients with long-standing oral implants [92].

6. Bisphosphonate-related osteonecrosis of the jaw

BPs alter the bone tissue metabolism by inhibiting bone resorption and reducing 
bone turnover. At the cellular level, BPs affect the recruitment of osteoclasts, their 
viability, the bioavailability of their progenitors, and their effect on bone. From a 
molecular point BPs have been proposed to modulate the function of osteoclasts 
by reacting with a surface receptor or with an intracellular enzyme [93]. BRONJ is 
defined as an area of exposed bone in the maxillofacial region that does not heal 
within 8 weeks in a patient who is receiving treatment with a BP. BRONJ develops 
secondary to the mechanisms of action of BPs in anti-osteoclastic and antiangiogenic 

Figure 2. 
Schematic diagram showing the possible mechanism of development of BP-associated osteonecrosis. BP, 
bisphosphonate (adapted and modified from Anil et al. [83]).
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activities, which alter bone metabolism, inhibit bone resorption and reduce bone 
turnover. Additional signs and symptoms may include pain, swelling, paresthesia, 
suppuration, soft tissue ulceration, intra- or extraoral sinus tract formation, tooth 
loosening, and radiographic variability. These symptoms most commonly occur at 
sites of previous tooth extractions or other dental surgical interventions but may 
occur spontaneously. The exact role of BPs remains to be determined, and alterations 
in bone homeostasis coupled with odontogenic or surgical insult, or both, may be 
key to the development of osteonecrosis of the jaw [88, 93]. Cases of BRONJ are more 
common when frequent doses of intravenous BPs are used in treating malignancy 
than when oral BP regimens are used in treating osteoporosis [94].

The diagnosis of BRONJ is primarily based on the patient’s history and the findings 
of a clinical examination. Most of the time, these patients have necrotic bone exposure 
ranging from a few millimeters to larger areas and can be asymptomatic for weeks, 
months, or years (Figure 3). The incidence of BRONJ is higher in the mandible than 
in the maxilla and in areas of thin mucosa overlying bony prominences, such as tori 
and the mylohyoid ridge. The management of BRONJ mainly comprises pain control 
measures, antibiotic therapy, mouth rinsing, BP discontinuation, hyperbaric chamber 
therapy, laser therapy, and surgical debridement [95, 96]. Assessments of markers of 
bone resorption, such as the serum C-terminal telopeptide of type I collagen; CTx or 
ITCP) test, can be used to assess the risk of developing BRONJ. Patients with a CTx 
level lower than 150 pg./mL should consider discontinuation of BP therapy for a period 
of 4–6 months.

7. Conclusion

Osteoporosis is a common skeletal disorder characterized by reduced bone mass 
and altered bone architecture, leading to an increase in bone fragility and the risk of 
fracture. This condition is associated with a decrease in bone quality and quantity, 

Figure 3. 
BRONJ in a 63-year-old woman subsequent to extraction of mandibular molar. The patient was on intravenous 
zoledronate for 1 year (adapted and modified from Anil et al. [83]).
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which might affect dental implant osseointegration. The placement of dental implants 
in patients with osteoporosis is still debated because of the quality of the bone, 
which is a key factor that determines the success of dental implantation. Although 
osteoporosis is not considered a risk factor for dental implant failure, the initial 
implant stability can be influenced by both the local and skeletal bone density, and 
the healing time is prolonged in osteoporotic patients. While the risk of osteonecrosis 
of the jaw in patients on BPs is low, patients should be informed of this risk and sign a 
consent form including this specific point. Based on the available literature, it can be 
concluded that implants placed in patients with systemic osteoporosis did not present 
higher failure rates than those placed in patients without osteoporosis.
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Chapter 3

Growth Factors and Dental 
Implantology
Deeksha Gupta

Abstract

Normal healing procedure of bone involves various sequential events to develop 
bone and bridge the bone -to- bone gap. When this healing occurs with a metal 
(titanium) fixture on one side, it is called as osseointegration. After extensive studies 
on this topic, it is found that this procedure occurs in presence of various biologic 
constituents that are spontaneously released at the site. Thus, to accelerate normal 
healing after implant placement and make results more predictable, it has been 
proposed to use these autologous factors in the osteotomy site. Since it is the begin-
ning of a new revolution in dental implantology, right now it is essential to analyze all 
possible combinations of host conditions, bone quality and quantity and bio factors 
being used. This can definitely be a boon for the patients with compromised systemic 
or local conditions.

Keywords: Osseointegration, bone healing, growth factors, platelet rich concentrates, 
concentrated growth factor

1. Introduction

Repair and regeneration are one of the most complex multi-cellular physiological 
processes in human body. These are responsible for restitution of normal structure 
and function in the body. The complex biological course occurs in a cascade of events 
wherein the release and action of one chemical substance causes the release/inhibi-
tion of the other. The substances released in the course of action are chemical media-
tors causing migration, infiltration, proliferation, and differentiation of the cells to 
culminate in an inflammatory response, formation of a new tissue and finally wound 
closure [1]. The entire procedure is a well synchronized one regulated by a signaling 
network. This network is a self regulatory system controlled by several growth fac-
tors, cytokines and chemokines.

Growth factors are substances released by the body at various stages of tissue 
healing. Healing is a coordinated process that involves harmonized efforts of several 
cell types including keratinocytes, fibroblasts, endothelial cells, macrophages, and 
platelets [1]. Cytokines and Chemokines act by activating the migration of [mainly] 
inflammatory cells to the wound site up regulating their own production.

By definition inflammation is redness, swelling, pain, and/or a feeling of heat in 
an area of the body. This is a protective reaction of the tissues to injury, disease, or 
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irritation [2]. This reaction is exhibited by every cell of body in an attempt to control/
prevent the tissues from further injury. It also initiates recovery of the damaged tissues.

It is initiated in any cell of the body after a tissue injury. This injury can have 
various end results including death of the tissue to complete restoration of form and 
function. However, general injuries usually result in an intermediate outcome, i.e., 
partial tissue regeneration, fibrosis, and/or chronic inflammation [3].

Chronic wounds are defined as; ‘defects that have not proceeded through orderly 
and timely repair to regain structural and functional integrity. Since any lesion has 
the potential to become chronic, chronic wounds are classified on the basis of their 
underlying cause’. Apart from compromised nutritional or immunological status and 
advanced age; vascular insufficiency, diabetes mellitus, and local-pressure effects are 
the major causes for wounds to become chronic non healing wounds [4].

When bone is subjected to trauma or an adverse stimulus, the resident cells 
release numerous cytokines, chemokines, and other substances that initiate local 
vasodilatation and efflux of inflammatory cells from the circulation. This terminates 
the adverse event and initiates the healing process [3]. Bone healing and bone for-
mation is explained under 3 basic principles of: Osteoinduction, Osteogenesis and 
Osteoconduction.

Bone matrix stores growth factors that activate and maintain cellular processes 
during bone formation and healing. These growth factors are potent enough to 
accelerate bone formation and bone healing when applied locally to both intact and 
healing bone tissue. Normally, these proteins are produced by osteoblasts and incor-
porated into the extracellular matrix during bone formation, but many times, small 
amounts remain trapped into the matrix. Then these bone growth factors exhibit 
their effects by stimulating neighboring bone cells to proliferate and increase matrix 
protein synthesis [5–7].

Smoking, diabetes, or radiation therapy in patients with compromised local or 
systemic vascularity pose clinical challenge to bone grafts and dental implants due 
to impaired bone healing and an increase in peri implant complication [8, 9]. The 
success of dental implants essentially depends on adequate bone volume, density, and 
vascularity [10].

2. Cascade of wound healing

It takes a well managed system to control the secretion and migration of media-
tors to their correct places. Also a self regulatory feedback system ensures inhibition 
of right molecules at the right time. As soon as an injury takes place, bleeding is 
induced, all organisms including humans evoke an immediate, programmed, non-
antigen specific immune response to preserve the organism’s integrity and re-establish 
homeostasis [3].

In the Table 1 [1, 10] we can have a quick brush through the events involved 
and release of growth factors at specific time to initiate specific actions in a healing 
cascade in the body.

This outline of the flow or spontaneity of the release of the various growth factors 
at the wound site illustrate the importance of each factor that is released at a specified 
time. As completion of one episode initiate second one. Thus the beginning of this 
process requires an injury of any/all tissues in the body.

As we talk about dental implants, it is implicated that we implant a foreign body, 
that is inert enough not to cause any antigenic activity, into the bone after creating 
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an osteotomy site. This site preparation is a planned injury into the otherwise intact 
healthy bone (usually considered apt for implantation in ideal case).

Hence soon after the injury to the bone, starts the cascade of bone healing. We shall 
understand the physiology of bone healing before the healing around the implants.

3. Bone healing

Bone is a living tissue responsible for the structural support and calcium metabo-
lism in the body [11]. It is constituted by bone cells and bone matrix. Bone cells 

Table 1. 
Sequential release of growth factors to initiate and terminate healing.
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are of three main types’ viz. osteoblasts, osteocytes and osteoclasts. These cells are 
differentiated by the mesenchymal cells, (during growth, at the time of trauma or 
general remodeling), to become osteoprogenitor cells and later take up the function 
of specific bone cells.

Bone matrix is composed of 35% organic and 65% inorganic components. Calcium 
and phosphate ions mainly constitute the inorganic part. Type I collagen forms the 
major part (90%) of the bone matrix which is impregnated with minerals and calcium 
salts. Minerals are in form of hydroxyapatites. Bone matrix also consists of non- col-
lagenous proteins (10%) like osteocalcin, osteonectin, osteopondin etc. which func-
tion to regulate mineralization and interaction of collagenous and non-collagenous 
proteins, mediate cell to matrix binding.

Besides the bone matrix also consists of small amount of potent regulatory 
proteins that are produced by osteoblasts and incorporated by the extracellular matrix 
during bone formation. These are called as Growth Factors [5].

These are protein molecules that regulate osteoblast and osteoclast metabolism 
during bone remodeling and/or initiate and control healing response after bone 
trauma. They can exhibit their effects in the local environment only. Thus, to facili-
tate cell proliferation and matrix production at the site, they effect by paracrine or 
autocrine mechanism.

The extensive number of growth factors being discovered and researched lays 
consideration on the significance of their existence. When we try to understand bone 
metabolism it is empirical to read about the hormones that effect changes in bone 
matrix. It has been researched and found that the growth factors mediate the response 
of these systemic hormones, locally by augmenting the cell replication and initiating 
the cell differentiation by binding to membrane bound receptors [5].

3.1 Important growth factors in bone healing

Here is a list of the growth factors (Table 2) majorly required at a healing site. Apart 
from the main ones there are various other factors required by different tissues of the 
body during healing. We will discuss in detail the factors affecting bone healing.

3.1.1 Transforming growth factor-beta (TGF-ß)

This multifactorial cytokine basically regulates growth and differentiation of the 
cells. It stimulates the cells of mesenchymal origin and inhibits those of ectodermal 
origin. Although almost all body cells posses this factor but bone and platelets have 
approximately 100 times more TGF-ß than others and osteoblasts bear highest num-
ber of TGF-ß receptors [12]. TGF- ß 1, TGF- ß 2, and TGF- ß3 are found in mammals, 
but TGF- ß 1 predominates in cutaneous wound healing.

TGF- ß 1 facilitates the recruitment of additional inflammatory cells and 
augments macrophage mediated tissue debridement. It deactivates superoxide 
production from macrophages in vitro protecting the surrounding healthy tissue 
and prepares the wound for granulation tissue formation. When overexpressed, 
TGF- ß 1 has been shown to stimulate connective tissue growth factor (CTGF) also 
shown to play an important role in the development of hypertrophic and keloid 
scars [1].

TGF- ß 2 is also involved in recruiting inflammatory cells and fibroblasts to the 
wound site. In vivo experiments show that TGF- ß 2 stimulates the formation of 
granulation tissue by inducing angiogenesis. 121,122 During matrix formation and 
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remodeling, TGF- ß 2 increases protein, DNA, and collagen production. By stimulat-
ing recruitment of fibroblasts to the wound site, the combined result is increased 
collagen deposition (particularly type I and III) and scar formation in vivo.

S. no. Growth factor Important 
Subtypes

Secreted by Functions

1 Transforming 
growth factor -ß 
superfamily

• TGF- ß 1
• TGF- ß 2
• TGF- ß 3
• Bone 
morphogenetic 
proteins
• Activins

Platelets 
Keratinocytes 
Macrophages 
Lymphocytes 
Fibroblasts
Osteoblasts 
Chondrocytes
Osteoclasts

• Granulation tissue formation,

• Re-epithelialization, −Matrix 
formation, remodeling

1a Bone 
morphogenetic 
proteins

12 Osteoblasts 
Chondrocytes
Osteoclasts

• Cartilage growth/repair,

• Bone growth/repair

1b Activins Fibroblasts
Keratinocytes

• Inhibits keratinocyte 
proliferation,

• Induces terminal differentiation 
of keratinocytes

2 Platelet derived 
growth factors

• PDGF-AA,1
• PDGF-AB,1
• PDGF- BB,1
• PDGF-CC,1
• PDGF-DD

Platelets 
Keratinocytes 
Macrophages 
Endothelial cells
Fibroblasts

• Granulation tissue formation,

• Re-epithelialization, −Matrix 
formation, remodeling,

• Bone repair

4 Insulin like 
growth factors

• IL-1
• IL-6

Neutrophils 
Monocytes 
Macrophages 
Keratinocytes
Osteoblasts

• Angiogenesis,

• Re-epithelialization,

• Bone repair

5 Fibroblast 
growth factors

7
• aFGF
• bFGF

Keratinocytes 
Mast Cells 
Fibroblasts 
Endothelial cells
Smooth 
muscle cells 
Chondrocytes

• Granulation tissue formation,

• Re-epithelialization, −Matrix 
formation, remodeling

6 VEGF Platelets 
Neutrophils 
Macrophages 
Endothelial cells 
Smooth muscle 
cells
Fibroblasts

• Granulation tissue formation,

• Cartilage growth/repair,

• Bone growth/repair

7 EGF Platelets 
Macrophages 
Fibroblasts

• Re-epithelialization

8 TNF-α Neutrophils 
Macrophages

• Inflammation

• Re epithelialization

Table 2. 
Important bone forming growth factors.
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TGF- ß 3 promote wound healing by recruiting inflammatory cells and fibroblasts 
to the wound site and by facilitating keratinocyte migration. Furthermore, it has 
been demonstrated that TGF- ß 3 is a potent inhibitor of DNA synthesis in human 
keratinocytes. TGF- ß 3 inhibits scarring and promotes better collagen organization 
in vivo [1].

Due to abundance of TGF-ß in body cells, it is necessary to regulate its action in 
specific sites at the time of need. Hence it is released in a biologically inactive form 
i.e. latent TGF-ß. Its activation occurs in acidic environment through an enzymatic 
reaction [13] which probably regulates the exhibition of its effects.

3.1.2 Bone morphogenetic proteins (BMP)

BMP’s were first discovered with formation of a completely mineralized woven 
bone with marrow, ectopically. It was achieved with the experiments done by Marshall 
Urist [14] using demineralized bone matrix placed in the subcutaneous tissue.

BMPs are currently well known to induce expression of osteoblast markers and 
stimulate bone formation in vivo [15]. It is believed that BMP are the most potent pro-
teins to stimulate the mesenchymal stem cell differentiation in a chondroblastic and 
osteoblastic origin. They work by stimulating bone formation from the periphery of 
the implant, while matrix is laid down towards the center until it is entirely replaced 
by trabecular bone [16]. Their release is initiated from traumatized bone tissue during 
early-stage o fracture healing.

Today 12 types of BMP’s have been isolated which exert their effects through 
specific receptor complexes. To utilize the action of these protein, they should be 
produced in large amounts. Also, a special carrier protein can be used to exhibit their 
action in low doses [5]. The function of the carrier protein is to immobilize the bone 
inducing protein at a site for the required time. E.g., Collagen matrix, demineralized 
bone matrix, synthetic polysaccharide matrices.

A recent prospective, randomized, controlled clinical trial showed the ability of 
recombinant human BMP-2 (rhBMP-2) applied to a collagen sponge to accelerate 
fracture and wound healing in patients with open tibia fractures [17].

3.1.3 Platelet derived growth factors (PDGF)

A powerful chemotactic factor, that is responsible for mitogenesis, angiogenesis 
and chemotaxis of fibroblasts and osteoblasts at the wound site. Glycoprotein by 
nature it has a crucial role in bone formation which was evident when reduced 
intramembranous bone was recorded on usage of PDGF inhibitors. Rat calvaria defect 
studies also demonstrate new bone formation in 2 weeks when PDGF is used with a 
poly L-lactide membrane.

3.1.4 Insulin growth factors (IGF)

Earlier designated as somatomedin-C and skeletal growth factor, these peptides 
are found to be synthesized by several tissue of body including bone. The secretion of 
IGF in bone tissue is controlled by parathyroid hormone and growth hormone. These 
hormones regulate the longitudnal growth and metabolism of cartilage by stimulating 
the chondroblastic IGF [18, 19].

The subtype IGF-II is found 10–20 times more than IGF-I in the bone matrix. 
Both subtypes stimulate osteoblast replication thereby increasing the bone matrix 
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synthesizing cells. This in turn lead to new bone formation. However IGF-I is 4–7 
times more potent than IGF-II. Apart from these, IGF also stimulates collagen pro-
duction and inhibits collagen degradation.

It is observed in animal studies, that a single subcutaneous injection of growth 
hormone resulted in increase in serum IGF-1 during fracture healing in pig tibias 
[20]. Mesenchymal stromal cells transfected with IGF-1 and administered to a mouse 
femur fracture site, increased bone healing [21].

3.1.5 Fibroblast growth factors (FGF)

This polypeptide growth factor exerts proliferative effect on osteoblasts thus 
contributing in increasing the bone collagen. They are recognized as mitogenic factors 
for cells of mesenchymal and neuroectodermal origin and also play significant role 
in angiogenesis during the healing phase. Out of the 7 members of the FGF family, 
FGF-1 is acidic and FGF-2 is basic. Basic FGF (bFGF) is considered more potent and 
is believed that it has stimulatory effect on TGF-ß secretion by osteoblasts. Various 
animal studies have also concurred with this fact.

3.1.6 Vascular endothelial growth factors (VEGF)

VEGF is a powerful angiogenic growth factor that has been studied extensively 
in the oncologic and wound healing literature [22, 23]. It is released from endothelial 
cells, platelets, megakaryocytes, lymphocytes, and plasma cells. The major func-
tions it takes care, are angiogenesis, neovascularization, and wound healing [24]. It 
is also mitogenic to endothelial cells, increases vascular permeability, and increases 
tissue oxygenation [25]. Individual administration of these growth factors shows the 
improvement of fracture healing and the potential for use in alveolar bone defects in 
preparation for implant placement [10].

4. Osseointegration and role of growth factors

“Osseointegration, (as defined by Zarb &Albrektsson) is a time dependent heal-
ing process whereby clinically asymptomatic rigid fixation of alloplastic materials is 
achieved, and maintained, in bone during functional loading” [26].

Clinically it has been demonstrated that the implants were anchored in bone 
without intervening fibrous tissue. Experimentally this data was researched at the 
ultrastructural level. Collagen filaments approaching the titanium oxide surface were 
seen that were separated only by a 20–40 nm thick Proteoglycan layer [27].

Branemark and Albrektsson [28] in their study evaluated the outcome of all 
implants inserted during 1 year and then followed them up for 5 years. They found an 
implant success rate of 96.5% in the mandible. This improved success rate compared to 
the data published by Adell et al. [29] reflects a true improvement in the outcome. This 
success was attributed to meticulous surgical and prosthodontic techniques.

Direct bone healing occurs in defects, primary fracture healing and in osseointe-
gration. It is activated by any lesion of the pre-existing bone matrix. Once activated; 
the process continues in a biologically determined program. Thus, osseointegration 
also is programmed healing of the bone by developing a direct structural and func-
tional connection between ordered, living bone and the surface of a load-bearing 
implant [30].
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Osseointegration is facilitated on a precise fitting (anatomical reduction), pri-
mary stability (stable fixation) and adequate loading during the healing period. 
Osseointegration requires a bioinert or bioactive material and surface configurations 
that are conducive for bone deposition (osteophilic) [31].

4.1 Stages of osseointegration

On an event of trauma, when the bone matrix is exposed to extra cellular fluid, 
non-collagenous proteins and growth factors are set free and activate bone repair 
[32]. These facilitate chemotaxis of osteoprogenitor cells of the bone marrow and 
from the endocortical and periosteal bone envelopes. They proliferate and differenti-
ate into osteoblast precursors and osteoblasts that begin bone opposition from the 
defect wall proceeding towards implant surface.

As the process gets initiated, it proceeds into a well-planned cascade in 3 stages:

• Incorporation by woven bone formation;

• Adaptation of bone mass to load (lamellar and parallel-fibered bone 
deposition);

• Adaptation of bone structure to load (bone remodeling).

4.1.1 Incorporation by woven bone formation

The first bone tissue formed is a primitive type, characterized by randomly 
oriented collagen fibrils, numerous, irregularly shaped osteocytes developing into 
an initially low-density bone: the woven bone. Its major role is to provide a scaf-
fold of rods and plates thereby spreading out into the surrounding at a rapid rate. 
Simultaneous growth of elaborate vascular nets forming primary spongiosa bridging 
gaps rom bone to implant takes place for next 4–6 weeks.

4.1.2  Adaptation of bone mass to load (lamellar and parallel-fibered bone 
deposition

From the second month onwards, the microscopic architecture shifts towards 
either the well-known lamellar bone. Lamellar bone consists of parallel packing of 
the collagen fibrils with alternating course gives it the highest ultimate strength. 
Talking about its growth pattern it merely grows by apposition on a preformed solid 
base unlike the woven bone. This apposition can occur on 3 surfaces that can provide 
a solid base, viz., woven bone formed in the first period of osseointegration, preexist-
ing or pristine bone surface and the implant surface.

4.1.3 Adaptation of bone structure to load (bone remodeling

Bone remodeling characterizes the last stage of osseointegration beginning around 
third month. With an initial high activity, it slows down again to later continue for 
life. In cortical and cancellous bone, remodeling occurs in discrete units, often called a 
bone multicellular unit, as proposed by Frost [33]. Remodeling starts with osteoclastic 
resorption, followed by lamellar bone deposition.
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However, initially osseointegration was conceived differently. The debate started 
with Collins (1954) who stated “Although histologically inert, an implanted object 
never becomes incorporated into the bone”. Later in 1970 Southam et al. came up 
with their ideology that “When any metallic appliance is implanted in bone, a layer of 
fibrous tissue will always develop around the appliance which subsequently will never 
be as secure in the bone as it was at the time it was implanted”.

It was believed by some authors like Jacobs (1976, 1977), Muster & Champy (1978) 
that a direct contact between implant and bone is possible only when implant is made 
up of ceramic. However, many researches done on implant biomaterial advocate use of 
various materials for osseointegration like stainless steel (Linder & Lundskog 1975), 
vitaltium (Klawitter & Weinstein 1974, Linder & Lundskog 1975, Weiss 1977), tanta-
lum (Grundschober et al. 1980) and titanium (Branemark et al. 1969, 1977, Linder & 
Lundskog 1975, Karagianes et al. 1976, Schroeder et al. 1976, Juillerat & Kuffer 1977).

The point to note here is that titanium on contact with atmosphere instantaneously 
develops an oxide layer of about 100 A° thickness [TiO, Ti02, Ti,03 and Ti,O], thereby 
preventing a direct contact between bone and metal.

To further dissect the ultrastructure of the tissue adherent to the bone and implant 
in Osseo integrated implants, T. Albrektsson [34] investigated the interface zone 
between bone and implant using X-rays, SEM, TEM and histology.

Thirty-eight stable and integrated implants implanted in maxilla, mandible and 
temporal regions were removed for various reasons from 18 patients. The SEM study 
showed a dense adherent network of collagen fibers between titanium and bone. The 
pattern of the anchorage of collagen filaments to titanium appeared to be similar to 
that of Sharpey’s fibers to bone. No wear products of titanium were seen in the bone 
or soft tissues in spite of implant loading times up to 90 months. The soft tissues 
were also closely adhered to the titanium implant, thereby forming a biological seal, 
preventing microorganism infiltration along the implant. This caused no adverse 
tissue effects. An intact bone-implant interface was analyzed by TEM, revealing a 
direct bone-to implant interface contact also at the electron microscopic level, thereby 
suggesting the possibility of a direct chemical bonding between bone and titanium.

4.2 Osseointegration in compromised cases

Any surgery on a human body requires a thorough understanding of the proce-
dure as well as the systemic condition of the patient. Many times, we have encoun-
tered patients willing for an implant surgery with a compromised medical history. 
Researchers have always tried to find answers to.

Documentations of a comparative study by Moy et al. [35] done to evaluate the 
success and failure rate of dental implants on patients suffering with and without 
various risk factors, such as smoking, coronary artery disease, asthma, chronic steroid 
use, chemotherapy, head and neck radiation, diabetes, hypertension, and postmeno-
pausal status suggest absence of any statistically significant difference between the 
two groups. However, when in the same study specific medical risk were evaluated, 
patient suffering from diabetes, history of head and neck irradiation and people with 
tobacco use showed significant increase in implant failure.

4.2.1 Diabetes mellitus

Diabetes mellitus impairs/delays normal healing hence plays a direct role on 
implant success rate. Thus, it has been mentioned as a relative contraindication to 
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implant placement. Olson et al. [36] found that duration of diabetes and implant 
length were statistically significant predictors of implant failure. Diabetic patients 
face problems of delayed wound healing, increase in micro vascular and macro 
vascular disease, impaired response to infection, and susceptibility to periodontal 
disease.

In animal models, growth factors with vascular properties have been used by 
Kawaguchi [37] to evaluate wound healing. He reported that” rhbFGF shows to 
improve fracture healing in normal rats and rats with diabetes, facilitating the 
repair process in normal rats and improving the impaired healing ability in rats with 
diabetes”. bFGF also has shown increased angiogenesis, decreased wound complica-
tions, and improved bone mineral density in rat healing sternal wounds [38]. It can 
be comprehended by this that angiogenic and osteoinductive properties of growth 
factors improve bony and soft-tissue wound healing thus playing an important role in 
patients with diabetes.

4.2.2 Head and neck radiation

Patients are living a longer and a good quality life after cancer resection surger-
ies and consequent rehabilitation. Prosthesis plays a major role for these patients in 
uplifting their confidence of self-image. Dental implants have served to improve the 
success of these prostheses compromising oral and facial structures.

Radiation has many deleterious effects, the most relevant to bony and soft-tissue 
healing being hypocellularity, hypovascularity, and hypoxemia. Thus, increasing the 
failure rate during the osteophyllic or osteoconductive phases of osseointegration.

Before beginning with application on human beings, growth factors loaded on 
suitable carriers are inserted in animals to delineate their effects in all possible condi-
tions. One such study evaluated the effect of BMP-2 on irradiated and non-irradiated 
rabbits. The irradiation dose was 20 Gy of 6-MeV electron beams. After irradiation, 
hydroxyapatite discs coated with rBMP-2 were applied subperiosteally in the snout 
area. Histological analysis demonstrated that rBMP-2 was equally effective in bone 
formation in irradiated and non-irradiated tissue [39]. Two other studies also found 
improved bone regeneration after treatment with BMP-2 or BMP-3 in animal cranial 
bone defects.

Recent studies reveal a marked reduction in TGF- ß, PDGF, and bFGF expression 
in cortical and cancellous bones post radiation up to range of 60-70Gy. (T.L. Aghaloo 
et al., unpublished data). Local TGF- ß administration may overcome radiation-
induced impaired wound healing by increasing wound breaking strength, possibly via 
an increase in the synthesis of type I collagen by fibroblasts.

Another study evaluated the effect of grafting material that was pretreated with 
bFGF. It was found to cause induction of angiogenesis and osseous healing of irradi-
ated mandibular resection sites. Also active bone formation and re-establishment 
of mandibular contours occurred in the bFGF-treated rabbits, but control animals 
experienced sequestration, necrosis, and failure to heal [40].

4.2.3 Smoking

Smoking has shown a large role in peri-implant bone loss. This is attributed to the 
carbon monoxide; oxidating radicals, nitrosamines, and nicotine that are released 
during smoking. This nicotine plays havoc in the system of an individual. It causes a 
systemic increase in epinephrine and norepinephrine thereby decreasing blood flow, 
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increasing platelet aggregation, causing polymorphonuclear lymphocyte dysfunction, 
and increasing fibrinogen, hemoglobin, and thus blood viscosity.

Nicotine also causes local vasoconstriction from direct absorption into oral 
mucous membrane. This delays the wound healing. The effect of growth factors 
VEGF, bFGF, and BMP-2, −4, and − 6 gene expression is significantly inhibited, lead-
ing to suppression of bone healing and vascularity [41].

In animal studies, osteoinductive bovine bone protein plus autogenous bone graft-
ing completely overcomes the inhibitory effect of nicotine [42].

5. Platelet concentrate revolution

Various pathological etiologies may result in oral defects or dysfunction thereby 
affecting the quality of life in patients. The greatest challenge in clinical research is 
to develop bioactive surgical additives, that can help to increase the speed of healing 
process or/and regulate inflammation. Solution to this challenge was found to be tissue 
engineering. This had to be aided with some type of ‘biofuel’. Since the triad forming 
the base of tissue engineering with a reparative objective is formed by the following: 
matrices or scaffolds, with various presentations (gels, fibrous matrices, and perme-
able membranes), progenitor cells (undifferentiated stem cells, or cells with prelimi-
nary differentiations) and growth factors. Thus, various platelet-derived products or 
platelet concentrates have been introduced that act as biological mediators aiding the 
healing response [43].

In dental implantology, the process of osseointegration determines the success of 
the implanted fixture. The prosthetic loading depends on the stability of the implant 
attained by osseointegration which is calculated to be complete between 0 and 
6 months [44].

To increase bone-implant surface connectivity and accelerate healing few changes 
in implant surface properties and design can be made that increase primary stability 
and help the peri-implant tissue remain healthy. Secondly, to accelerate osseointegra-
tion, modulation of healing after the placement of the implant can be done. This 
modulation is achieved by bioactive molecules that increase osteoblastic differentiation 
and accelerate bone healing around the implant [45].

In 1974, platelets regenerative potentiality was introduced, and Ross et al, [46] 
were first to describe a growth factor from platelets. After activation of the platelets 
which are trapped within fibrin matrix, growth factors were released that could 
stimulate the mitogenic response in the bone periosteum during normal wound heal-
ing for repair of the bone [47].

The platelet-containing preparations derived from human blood contain many 
growth factors such as bone morphogenetic protein (BMP), platelet-derived growth 
factor (PDGF), insulin-like growth factor (IGF), vascular endothelial growth fac-
tor (VEGF), transforming growth factor-β1 (TGF-β1), and transforming growth 
factor-β2 (TGF-β2). These are considered to play a crucial role in bone healing [48, 
49]. These growth factors, as explained earlier, attract the undifferentiated mesen-
chymal cells to the wound site, thus facilitating angiogenesis, chemotaxis, and cell 
proliferation [44].

C.Pirpir [50] et al. concurred with the above information and he concluded 
from his study that application of Concentrated growth factor enhanced stability of 
implants and accelerated osseointegration in the early period. His study demonstrated 
that CGF has positive effects on the ISQ value at the first week and fourth week.
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Many other studies have been undertaken by Ji-Min Kim and Dong-Seok Sohn 
[51], S. Manoj [52], Andrea Forabosco [53] and Sila Cagri Isler [54] to evaluate bone 
regeneration around immediate post extraction implants, in sinus floor augmentation 
and cases of peri-implantitis who have given their affirmation towards increased bone 
healing with application of platelet containing preparations. Since blood has long 
been recognized as the torch bearer of healing process in the body, it has potential to 
accelerate wound healing when added to wounded tissues or surgical sites.

5.1 Platelet rich plasma (PRP)

Platelet-rich plasma (PRP), also known as autologous conditioned plasma, first 
introduced in dentistry by Whitman et al. is a concentrate of platelet-rich plasma 
protein derived from whole blood, centrifuged to remove red blood cells. This 
concentrate, full of various essential growth factors is introduced to the surgical site, 
enriching the natural blood clot. This hastens the wound healing and stimulates bone 
regeneration [55]. Specific protocols and automated systems for preparing PRP have 
been developed and commercialized, including Ace, PRGF, PRP-Landesber, Curasan, 
PCCS, Harvest SmartPReP, Vivostat, Friadent-Schutze, Regen, Fibrinet and Plateltex. 
Dohan Ehrenfest and colleagues offer an excellent comparison between these tradi-
tional systems.

A natural human blood clot consists of 95% red blood cells (RBCs), 5% platelets, 
less than 1% white blood cells (WBCs), and numerous amounts of fibrin strands. 
A PRP blood clot, on the other hand, contains 4% RBCs, 95% platelets, and 1% 
WBCs [56].

The PRP preparation protocol requires collection of blood with an anticoagulant, 
centrifugation in two steps, and induced polymerization of the platelet concentrate 
using calcium chloride and bovine thrombin [57]. PRP can be used in conjunction 
with different grafting materials in bone augmentation procedures. However, the 
addition of bovine-derived thrombin to handle PRP may increase the risk of life-
threatening coagulopathies [58].

5.2 Platelet rich fibrin (PRF)

PRF represents a step ahead in the platelet revolution. Choukroun et al., [59] 
developed the PRF in 2001 to accumulate platelets and released cytokines in a fibrin 
clot. Cytokines are immediately used and destroyed in a healing wound. The harmony 
between cytokines and their supporting fibrin matrix is the magic wand of the or 
real therapeutic potential of PRF. Also, this technique does not require any gelling 
agent [60].

Today PRF is increasingly being investigated and used worldwide by clinicians 
as an adjunctive autologous biomaterial to promote bone and soft tissue healing and 
regeneration [61]. In surgical procedures, PRF could serve as a resorbable membrane 
for guided bone regeneration (GBR), preventing the migration of non-desirable cells 
into bone defect and providing a space that allows the immigration of osteogenic 
and angiogenic cells and permits the underlying blood clot to mineralize. However, a 
normal PRF membrane has rapid degradability (1–2 weeks), but if fibers are cross-
linked, it could provide resistance against enzymatic degradation and could be more 
stable during the healing time.

PRF technology has grabbed the attention of clinicians because of its excellent 
advantages.
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a. Derived from patient’s own blood so no chance of adverse reaction.

b. Easy to prepare at chairside and easy to use.

c. Financially realistic for patient

d. May be used alone or in combination with bone grafts, promoting hemostasis, 
bone growth, and maturation.

It is also concluded and concurred by various authors in their studies, that PRF 
is a good regenerative option with bone grafts in intra bony defects [62], treatment 
of peri-implantitis [63], reconstruction of large defects after cancer surgery [64]. 
Other applications include to accelerate healing in maxillary sinus augmentation, 
socket healing after tooth extraction, filling of the cyst cavity, treatment of furca-
tion defects in periodontology, and soft tissue injuries [65].

They can be used as an adjunct, as a graft stabilizing membrane or used alone 
in dental (immediate) implant procedures [66]. Collagen Membrane has been used 
successfully in these regenerative procedures. An additional use or total replacement 
with platelet concentrates can provide further regenerative advantages due to the 
presence of biochemical agents of healing.

Simonpieri A. [67] also stated that, PRF membranes protects the surgical site; 
promotes soft tissue healing; and when its fragments mixes with graft material, it 
functions as a “biological connector” between the different elements of graft and acts 
as a matrix which supports neo angiogenesis, capture of stem cells, and migration of 
osteoprogenitor cells to the center of graft.

5.3 Concentrated growth factor

Concentrated growth factor, (CGF) another milestone towards regenerative 
dentistry was defined by Sacco in 2006 [68]. CGF also has its own centrifugal tech-
nique in a manner similar to that of obtaining PRF. It is seen to form rich layers of 
growth factors that include TGF-β1, VEGF, PDGF, IGF, EGF, FGF, and BMP which are 
delivered at the site of application. The positive effects of these blood products have 
triggered the development of various platelet products in different concentrations.

The concentrated growth factor used the advantage of longer and denser fibrin 
matrix with higher growth factor content. While CGF has been stated to be an 
improved formulation of PRF, it has also been proposed that a different term is 
used for CGF because of the use of a different centrifuge machine (MEDIFUGE, 
Silfradent srl, S. Sofia, Italy) and centrifugation speed (2400 to 3000 rpm). This 
produces a three layered structure: red blood cell layer at the bottom, platelet-
deprived plasma layer (without cell) at the top, and fibrin gel with concentrated 
growth factor and platelet aggregation in the middle (Figure 1) [50]. Furthermore, 
CGF has been found to be almost identical to self-clotted advanced-PRF (A-PRF) in 
respect of mechanical and degradation properties [69].

Many studies have now come up with positive effects from local administra-
tion of CGF at the defect site. It is proved to increases bFGF or VEGF release. This 
increases angiogenesis, as well as enhances neutrophil migration by performing 
integrin release. It has also been shown that CGF contains such growth factors and 
CD34-positive cells that also provide angiogenesis, neovascularization, and vascular 
continuity [68].
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It is also validated that autogenous bone is the gold standard for grafting in the 
defects, implant sites or sinus lift procedures, but it is always associated with prob-
lems of ‘second’ surgical site and the associated morbidity of the donor tissue. As 

Figure 1. 
Freshly prepared concentrated growth factor.



57

Growth Factors and Dental Implantology
DOI: http://dx.doi.org/10.5772/intechopen.101082

an alternative, allograft and xenografts are also used, which have the risk of cross-
infection [52].

Along with the choice of graft material being a topic of debate, in many proce-
dures like filing the jumping distance, the additional use of a membrane is also a 
matter of controversy. Various studies have documented some of the complications 
due to the use of membranes in these sites [70]. The use of CGF has been proposed 
as a substitute to fill the jumping distance in order to overcome certain disadvantages 
associated with various graft materials and membranes including increased treat-
ment costs.

One animal study was conducted on CGF, PRF, and PRP placed separately in the 
defects in the rabbit skull compared with control groups with empty defect or self 
healing. Histomorphometric analysis revealed statistically significant differences 
between control and study groups in the growth of new bone formation at 6 and 
12 weeks. In the study group, the greatest bone formation was observed in the CGF-
treated group but this difference was not statistically significant [71]. In a study by 
Takeda et al. [72] performed on rats, it was observed that cell proliferation and osteo-
blastic differentiation in the cell culture from the CGF-treated group was significantly 
higher than in the other groups.

6. Mode of application

The growth factors are the naturally occurring molecules responsible for complet-
ing the healing process. However, there are instances where the systemic, metabolic 
or local compromise of the patient can lead to inadequacy of these factors, delaying or 
inhibiting healing.

In solution to these problems, many in vitro and animal studies have been conducted 
to determine the potency of added growth factors on the healing sites. The most impor-
tant criteria of clinical use of these molecules must always be biocompatibility, biode-
gradability, hydrophilicity, and modulation of the osteoinductive response.

The various BMP carriers and delivery systems used in studies include collagen 
sponge, hyaluronan sponge, polylactic acid, polylactic-polyglycolic acid, fibrin glue, 
xenograft, and demineralized freeze-dried bone allograft [73, 74].

Orthopedic studies also show the use of polylactide-coated implants as local 
delivery mechanisms for IGF-1, TGF-b1, and BMP-2. These studies have shown 
predictable with favorable results on fracture healing. Adding to advantage is 
absence of systemic side effects and more effective delivery than systemic delivery 
of growth factors [75].

7. Futuristic approach

Tissue engineering was initiated with the aim of developing genetically engineered 
autologous cells and tissues without causing donor site morbidity. Although growth 
factors are naturally occurring molecules, a laboratory made tissue engineered compo-
nent would definitely aid in faster healing of tissues even in the compromised cases.

Holy et al. suggested a recent biomimetic strategy to engineer bone. This is con-
ducted by involving autologous osteogenic cells that are seeded, in vitro on a biode-
gradable polymer scaffold that mimics the architecture of trabecular bone to create a 
scaffold-cell hybrid called a tissue engineering construct [76].
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Growth factor delivery mechanism in-vivo, makes use of Gene therapy approaches. 
This is used with BMPs that elicit osteoinductive and bone healing effects [77, 78].

Given the complex osteogenic cascade of bone regeneration at implant develop-
ment site, a combination of different BMPs and other angiogenic growth factors shall 
definitely improve the success rates of dental implants, particularly at compromised 
host sites.

Advances in growth factor vector design, gene regulation, and tissue targeting are 
in their infancy which will soon establish themselves or future human clinical trials 
and eventual use in daily dental and surgical practice.

8. Conclusion

The osseointegrated implant interface remains in a very delicate balance where 
adverse individual tissue reactions may combine with the foreign body reaction to cause 
unwanted sequel in form of marginal bone loss or implant failure. There are many 
other predictable factors leading to implant failure. Thus, to get this spectrum high up 
on success of dental implants, apart from the factors of implant design, osteotomy site 
preparation and the available bone, the addition of biomimetic molecules to the host 
tissues has been abundantly researched however the great heterogeneity of the available 
studies and the limited number of RCTs do not allow to draw a robust conclusion.

The autologous preparation, dense concentration of growth factors and affirma-
tive (in vitro, in vivo and animal) study results has opened avenues of their progressive 
research in dental implantology. This can be a boon for hosts receiving any kind of 
surgery, who have an underlying systemic/metabolic compromise. Many human studies 
and trials are also underway for devising carriers for these bioactive agents (direct vs. 
indirect), the dosage, the timing of administration, as well as the possibility of combin-
ing different agents to promote synergistic effects.
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Chapter 4

Implant Stability Quotient (ISQ ): A  
Reliable Guide for Implant 
Treatment
Gaurav Gupta

Abstract

Implant stability is a prerequisite for successful dental implants and osseointegration. 
To determine the status of implant stability, continuous monitoring in an objective and 
qualitative manner is important. To measure implant stability two different stages are 
there: Primary and secondary. Primary implant stability at placement is a mechanical 
phenomenon that is related to the local bone quality and quantity, the type of implant 
and placement technique used. Primary stability is checked from mechanical engagement 
with cortical bone. Secondary stability is developed from regeneration and remodeling 
of the bone and tissue around the implant after insertion and affected by the primary 
stability, bone formation and remodeling. Implant stability is essential for the time of 
functional loading. Classical benchmark methods to measure implant stability were 
radiographs or microscopic analysis, removal torque, push-through and pull-through but 
due to lack of feasibility, time consumption and ethical reasons other methods have been 
propounded over period of time like measurement of implant torque, model analysis and 
most important ISQ which has the ability to monitor osseointegration and the life expec-
tancy of an implant. ISQ is a valuable diagnostic and clinical tool that has far-reaching 
consequences on implant dentistry and this article throws light on advanced and reliable 
methods of assessing ISQ.

Keywords: implant stability, implant stability quotient (ISQ ), osseointegration, osstell 
instrument, primary stability, resonance frequency analysis

1. Introduction

Implant treatment has become the first choice of treatment for replacement of 
missing teeth and oral rehabilitation over last few years. Osseointegration is the most 
important requirement for long term success of dental implant procedure. Many 
techniques have been experimented to reduce the failure rate of dental implants in long 
term. So far, insertion torque value and implant stability quotient (ISQ ) obtained by 
the Osstell instrument are common clinical methods to assess the initial stability of an 
implant for a predictable loading procedure. The ISQ-values are used as an indicator 
for mechanical implant stability, and are believed to have predictive power for clini-
cal outcome. Nowadays in clinical practice ISQ readings are used as gauging factor 
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to decide the time interval for practical implant loading and to decide the prognosis 
of implant procedure [1]. Quantitative measurement of implant stability is of high 
clinical significance so various principles have been used to estimate this parameter 
accurately like, the periotest assay and resonance frequency analysis (RFA). A device 
called Osstell was formulated which works on the principle of RFA. The instrument 
measures the resonance frequency through the transducer attached to a implant fixture 
and display the result ISQ value on a scale of 1 to 100. It is an objective method of 
measuring implant stability. Higher ISQ value denotes higher primary stability. Usually 
ISQ value of 55–80 is considered optimal for implant success. In our clinical practice 
we have observed higher ISQ values in mandible cases than maxilla. The ISQ scale has 
a non-linear correlation to micro mobility [2]. Finite element analysis also has been 
recently used to analyze the mechanical and vibration behavior of the three dimen-
sionally designed structure [3–6].

In our cases we found out that if ISQ value is on higher side of the scale initially, 
a small dip in values normally compensated with time and should be considered as 
a normal event which does necessitate alteration of routine treatment plan [2]. All 
implants with ISQ values higher than 54 considered for immediate loading.

But on the contrary, if values fall drastically then it should be taken as warning sign 
for unsuccessful implant in future and appropriate actions should be considered in 
terms of more follow-up schedule and to take additional precautionary measurements 
to wait before loading, to check for signs of infection and mechanical trauma. Lower 
values are expected to increase after the healing period in some cases.

2. Discussion

2.1 Principle: resonance frequency analysis

This diagnostic method computes implant stability and bone density by vibra-
tional and structural analysis in noninvasive manner [7]. Two devices have been 
developed commercially to measure implant stability, one is electrical and other 
is based on magnetic principle. First method uses direct wire connection between 
transducer and resonance frequency analyzer. The second method based upon 
measurement of magnetic frequencies between transducer and resonance frequency 
analyzer by a wireless probe (Figures 1 and 2). Both methods are competent for 
measuring similar changes; however the magnetic device results in higher ISQ value 
when measuring the stability of non submerged dental implant (Figures 3–6) [8].

These methods can reveal considerable increase or decrease in implant stabil-
ity which could not be appraised clinically. Various factors can affect the readings 
like effective implant length (length of the exposed threads and abutment height), 
implant shape and diameter and bone quality and quantity [9].

Measuring implant stability by implant oscillation frequency of bone can be 
assessed by RFA. Meredith et al. 1998 described the noninvasive method of assessing 
implant stability by OSSTELL devices. In 1999, OSSTELL devices was designed by 
the Integration Diagnostics Ltd., Sweden. Over last few years, various types of Osstell 
devices have developed to extemporize the implant stability measurements, namely, 
OSSTELL™, OSSTELL Mentor, and OSSTELL ISQ.

In 2009 the last and latest generation of this device was developed, OSSTELL ISQ, 
which includes a new control unit with a probe connected to it by means of a cable. 
These devices are gaining popularity due to reliability and ease of assessing implant 
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stability. These measurements are independent of intra and inter observer variability 
and reproduce accurate results.

Nedir et al. [2] estimated the implant primary stability as an indicator of osseoin-
tegration. As per his study, ISQ value of more than 49 will osseointegrate over period 
of three months and those with values higher than 54 can be loaded immediately.

Primary stability of implants which was assessed through RFA using OSSTELL 
Mentor devices was underestimated to analyze the comparability and reproducibility 
[10]. Clinical trials concluded the almost perfect replicability and high reliability of ISQ 

Figure 1. 
Osstell devices: Electrical and magnetic RFA based devices.

Figure 2. 
Osstell Beacon cordless device: Electrical and magnetic RFA based devices.
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measurements with Osstell devices [11]. ISQ measurement by OSSTELL Mentor device 
during immediate and delayed loading implant cases concluded that it offers an objective 
method to determine the implant stability and for immediate loading [12].

Comparison of OSSTELL Mentor and OSSTELL ISQ in measuring implant stabil-
ity was evaluated and the mean values of ISQ for OSSTELL ISQ and OSSTELL Mentor 
were 72.87 and 72.04 respectively, suggesting perfect compliance, consistency and 
recreatability between these devices [13].

There are various factors which affect the ISQ readings like anatomical direction 
of measurement in patient’s mouth, gender of the patient, intraoral location of the 
implant [14], sex of the patient, immediate versus delayed implantation, diameter 
and length of implant, designing of implant, insertion torque [15, 16], bone type at 
the site of implant, contact surface area of implant. Various research studies indicated 
the possible interplay of insertiuon torque and ISQ values. Insertion torque was 

Figure 3. 
Outstanding ISQ readings by Osstell device encouraging for immediate loading in lower front region.

Figure 4. 
Measurement of ISQ by advanced RFA bases magnetic Osstell device immediately after implant placement.
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introduced to assess the primary stability of the implant and accordingly plant the 
surgical procedure on solid backgrounds. Good cortical bone thickness results in 
increased ISQ values due to better osseointegration, whereas less trhickness results in 
reduced stability and lesser ISQ. In last few decades immediate implant protocol has 
become more popular due to less clinical treatment time. If the favorable preclini-
cal condition exist, immediate implant results in almost similar ISQ values when 
compared to delayed implant procedures. After 3 months when loading begins in 
delayed implant cases, secondary stability equalize to the level of ISQ values of similar 
magnitude as those achieved in primary stability phases.

In our practice we compared the ISQ values of successful implants at the time 
of loading and post operatively with the ISQ values of implant failure cases, which 
manifested significant difference in values. However, ISQ distributions at implant 
insertion denoted overlapping which indicated that there was no correlation among 
the data that could be used to predict successful osseointegration. The predictiveness 
of ISQ values were enigmatic [17].

3. Conclusion

Though the connection between bone density/quality and resonance frequency 
analysis is still enigmatic but our clinical practice suggested a significant interrelation 

Figure 5. 
Measurement of ISQ by Osstell device 3 months after implant placement depicting good biologic stability.

Figure 6. 
Implant stability on the abutment and platform level Resonance Frequency Analysis by Osstell (a) Implant 
platform (b) 1 mm microvunit (c) 5 mm microvunit.
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between RFA measurement by Osstell device and implant success. Further studies are 
needed to evaluate a correlation of RFA with bone quality analysis and implant stability, 
which can ascertain success, failure or long-term prognosis of an implant.
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Chapter 5

RFA and Its Use in Implant 
Dentistry
Charles D. Schlesinger

Abstract

For over two decades the use of resonance frequency analysis or RFA has been 
used as a tool to determine the stiffness of implants in bone. Through the years the 
technology has become better, smaller and more accurate. Today, the use of RFA has 
been proven to be far superior to other clinical techniques to determine implant stabil-
ity and is used not only to increase the level of success for implantologists around the 
world, but also to further the study of implant technology development.

Keywords: Implants, Stability, RFA, Treatment decisions

1. Introduction

Over the last two and half decades, the use of RFA instrumentation has gone from 
being an experimental gadget to an everyday and necessary instrument in determin-
ing implant stability and the overall health of the peri-implant/implant interface. This 
chapter will delve into the technology and its use in the modern day practice as well as 
ongoing research.

Clinicians generally agree that it is important to verify the status of implant–bone 
interface before attachment of prosthetic abutment, after completion and insertion of 
the definitive prosthesis [1].

Modern implantology has progressed to a point where our treatments are predictable, 
our outcomes better and our healing times shorter. Much of this is a direct result of better 
micro and macro implant characteristics. The modern implant with its osteo-promotive 
surface, better thread geometry and internal prosthetic connection allows clinicians to 
treat patients that historically would have had a guarded-prognoses at best.

Resonance Frequency Analysis, other was known as RFA is a technology that has 
become the standard by which an implantologist can measure the degree of integra-
tion not only prior to restoring an implant, but it can also be used to determine the 
progression of integration during the healing phase.

Prior to the development of these instruments and use of RFA for the determina-
tion of implant stability, the measurement of implant stability was rudimentary at 
best. It relied on blunt tapping, reverse torque, Seating torque, a Periotest device or 
time. Each of these methods have their limitations and ultimately are not reliable 
predictors of implant stability.

Before we delve into the specifics or RFA, lets first look at the other methods of 
determining implant stability.
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2. Blunt tapping

The use of a blunt instrument such as a mirror handle has been used to determine, 
in a very crude fashion, the stability of an implant. The metallic mirror handle is 
tapped against an implant, a cover screw, a healing abutment or a definitive abut-
ment. The clinician then listens to the sound that occurs and relates that to the stabil-
ity of the implant in the peri-implant bone. As you can imagine, there is a lot of room 
for interpretation and experience is the key to predictability in this method.

3. Torque at implant placement

Studies and anecdotal evidence have shown that 30 N/cm is the value considered 
to be sufficient for primary stability. Below this level, an implant has always been con-
sidered highly susceptible to failure by lack of stability. There are two types of torque 
that we see when placing an implant — insertion torque and seating torque. When 
immediately loading dental implants, it is the final insertion torque that is the key 
to successful treatment. In order to follow an immediate load protocol, a minimum 
seating torque value of 45 N/cm-50 N/cm is necessary [2].

Webster’s Dictionary defines torque as a force to rotate an object about an axis. By 
Newton’s Third law of Motion, we can confidently deduce that the torque value a 
practitioner gets when placing an implant is equal to the resistance to the original 
rotational force. Basically, you can turn the implant, which is a screw, until it either 
cannot move axially in a downward direction anymore or the bone around the 
implant exceeds its deformational limit and can no longer resist the axial rotation 
(stripping). This deformational limit will vary from a high value in D1 cortical bone 
to a lower value in D4 medullary bone.

Figure 1. 
100–150 microns of lateral movement will result in soft tissue encapsulation.
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The limitation of just looking at torque is that it does not take into account the stability 
of the implant in lateral directions (Figure 1). It is this lateral stability, or resistance to slid-
ing motion between the implant and the osteotomy, that is crucial to success. Therefore, 
it is possible to have a low torque value with high lateral stability or the opposite situation 
where you have high rotational stability (torque) and low lateral stability (ISQ) [3].

4. Reverse torque

This type of evaluation of implant stability carries with it a potentially high pos-
sibility of a negative outcome. This test uses a torque wrench set at 20-30 N/cm and 
the implant is then subjected to a rotational force in the counter-clockwise direction. 
Though, in most integrated situations this should not be an issue, it is possible to 
break integration in softer bone types such as D4 bone or if done too early in the heal-
ing process in other bone types.

5. Periotest

The Periotest device was originally designed to measure the mobility of teeth by using 
a pneumatic plunger that would read the deflection of the tooth in the natural peridon-
tium. In 1990, Olive et al. used it to test the stability of dental implants [4]. The values 
reported by the device range from −8 to +50. Figure 2 shows the values for interpreting 
implant stability, and Figure 3 shows the values associate with natural teeth.

Unfortunately, because the Periotest value is strongly related to the excitation 
direction and position, the reading from the method does not always correspond 
precisely to a biomechanical parameter [5]. Another possible cause for a false reading 
is that the clinicians hand, or ability to not move that hand becomes part of the equa-
tion. If some of the percussive force is either resisted too much or absorbed too much, 
the readings will not be true.

Figure 2. 
Periotest value range.

Figure 3. 
Periodontal mobility classification vs. Periotest values.
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6. Time

Historically the integration of implants was based on the data collected on natural 
bone healing and the integration times of the early non-coated implants developed by 
Branemark. A healing phase of 4–6 months was not uncommon and in many practices 
all implants were placed in this specified healing time frame.

The issue with this is that every individual is unique. Though the majority of individu-
als fall into the averages for the time required for integration, the advent of new technol-
ogy and the differences in individual biology can greatly alter the time to restoration.

7. Bone healing

Osseointegration follows a common, biologically determined program that is 
subdivided into 3 stages:

• Incorporation by woven bone formation;

• Adaptation of bone mass to load (lamellar and parallel-fibered bone deposition)

• Adaptation of bone structure to load (bone remodeling).

Osseointegration is also a measure of implant stability, which can occur at 2 differ-
ent stages: primary and secondary. Primary stability of an implant mainly comes from 
mechanical engagement with compact bone. Secondary stability, on other hand, offer bio-
logical stability through bone regeneration and remodeling. The former is a requirement 
for secondary stability. The latter, however, dictates the time of functional loading [6].

In order to understand RFA and what it is measuring, one must understand 
implant stability and the factors that influence it. At the time of implant placement, 
100% of the stability comes from the relationship between the geometry of the 
implant and the peri-implant bone. The implants macro geometry; such as thread 
patter and size, shape of the body of the implant (tapered or parallel walled) and the 
roughness of the surface coating, or micro-geometry all effect the mechanical locking 
ability in bone. On the other side of this equation there is the bone itself. The initial 
stability, or mechanical retention is directly affected by the quality of the bone that 
the implant is inserted into, with bone types ranging from D1 to D4.

D1 bone has very little medullary bone and therefore mainly consists of cortical bone 
which is very dense and highly mineralized. As we move down the progression scale 
towards poorer bone quality, we see an increase in medullary or cancellous bone, with its 
large non-mineralized spaces between the trabeculae. On the opposite side of the spec-
trum there is D4 bone which has a very thin mineralized cortical shell that surrounds 
spongy bone with very little mineralized content and a higher percentage of collagen.

As expected, mechanical stability is usually very high in D1 bone and for the most 
part very poor in D4 bone with ISQ values supporting this [7].

Biologic stability is attributed to the surface interaction and maturation of bone 
surrounding the dental implant. The bone, as it is moving through its three stages of 
change has a direct effect on the stability of the implant. Even after high initial mechan-
ical stability, there is usually a drop off in overall stability during the 3–6 week time 
period post-placement. This is due to the natural remodeling that occurs as the healing 
process progresses. There is resorption of bone by osteoclastic activity followed by the 
deposition of osteoblasts on the surface of the implant. At this point the un-organized 
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woven bone starts to become organized and the formation of lamellar bone occurs. It 
is at this point that we see an increase in implant stability afforded by the progression 
of osseointegration. The next step in the process is maturation and then it is followed 
by the adaptation of the peri-implant bone to the forces of mastication and load. This 
cross-over can be seen in the diagram above (Figure 4).

8. RFA

Resonance Frequency Analysis for implant stability was first proposed by 
Merideth in his 1996 [8]. The first resonance frequency device was developed by 
Osstell and the device consisted of an L-shaped receiver that mounted on the implant 
and a transducer that pulsed it with a magnetic frequency.

Resonance Frequency Analysis (RFA) is the measurement of the frequency with 
which a device vibrates (Figure 5). RFA measurements reflect the micro-mobility of 
dental implants, which in turn is determined by the bone density at the implant site [9].

A transducer connected to the implant is excited by means of an electric or 
magnetic impulse (depending on the type of transducer used). Thus, the implant is 
subjected to slight lateral force that causes lateral displacement due to elastic deforma-
tion of the bone. The frequency of the registered oscillation depends on the stiffness 
of bone-implant attachment: the stiffer the system is, the higher the transducer’s 
oscillation frequency will be. While most tests render subjective results, RFA allows 
objective, noninvasive assessment of implant stability [10].

Why is the measurement of lateral stability important? If an implant repeatedly 
moves laterally in the range of 100–150 microns, the body will not form bone at the 
implant-bone interface, instead, soft tissue will form and the resulting encapsulation 
of the implant in soft tissue will result in a failure.

ISQ is short for Implant Stability Quotient. The ISQ-scale runs from 1 to 100 and cor-
responds to the resonance frequency in a close to linear way. The scale was determined 
in 2003, and ISQ 1 correspond approximately to 1,000 Hz and ISQ 100 correspond 
approximately to 10,000 Hz. The early scientific studies were used to determine how 
the ISQ scale should relate to Hz and numerous clinical studies after that have put the 
ISQ-scale in a clinical context, relating to treatment and loading protocols.

Figure 4. 
Comparison of mechanical vs. biologic stability.
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The developed ISQ scales which are used today give the practitioner a way to 
quantitatively assess an implants stability. Developed over time by comparing clinical 
outcomes to ISQ values, thousands of scientific articles have been written that back 
up the validity of this type of testing device.

The following chart shows the various landmark values for ISQ and what they mean 
clinically (Figure 6). These values are pivotal to successful treatment and not only help 
direct the initial treatment with regard to deciding on a one stage vs. two stage surgery, 
but also the progression of healing and the correct time period in which to restore.

9. RFA devices

The two major players in the arena of RFA are Osstell and Penguin. They both 
work in similar fashion, but the systems differ a bit in their armamentarium.

Figure 6. 
The ISQ scale provided by Osstell.

Figure 5. 
How RFA works.
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10. Osstell

Starting in 2001, the first commercially available RFA device was released for 
clinical use. Over the years the Osstell family of devices has evolved to become 
more accurate and ultimately smaller (Figure 7). The features available to the 
clinician are broad with the large library of clinically backed literature avail-
able at www.osstell.com, and clinical tracking ability through www.osstellcon-
nect.com.

The newest Osstell device is the Beacon which is smaller than previous iterations 
and lights up with either red, yellow or green to correspond to the values on the ISQ 
scale (Figure 8).

11. Penguin RFA

Emerging onto the scene in 2015, The Penguin RFA device uses similar technology 
as the Osstell and when it was introduced, was the first device to decrease the overall 
size of an RFA device to the size of a portable curing light (Figure 9).

Figure 7. 
The evolution of the Osstell device.

Figure 8. 
The Osstell Beacon.
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12. Comparing the two devices

Both devices utilize a peg that is screwed into the abutment connection of the 
implant. These pegs are not only platform diameter specific, but also implant/abutment 
interface type specific. Therefore, you must have different pegs for different implants.

The Osstell unit utilizes single use Smartpegs which are made of aluminum 
(Figure 10). The use of aluminum was chosen in order to prevent accidental 

Figure 9. 
The penguin RFA device.

Figure 10. 
Osstell Smartpeg.
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cross-threading of the peg from damaging the threads inside the implant. On the 
other hand, the penguin RFA unit uses Multipegs made of titanium (Figure 11). 
These pegs are multi-use and can be sterilized and re-used approximately 20 times 
before replacing. The reason they must be replaced is that after repeated thermal 
cycling in an autoclave, the ductility of the titanium peg can change and I have seen 
the small magnet become corroded, both of which can result in inaccurate readings.

Figure 11. 
Penguin multipeg.

Figure 12. 
Penguin (L) and Osstell (R) calibration pegs.
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Both the Osstell and Penguin RFA units have calibration pegs (Figure 12) which 
are available. The Osstell peg is set to give an ISQ of 55 and the Penguin will give a 
reading of 45-55. Since the Osstell pegs are single use and calibrated at the factory, 
further calibration of the unit is not necessary according to the manufacturer. The 
Penguin on the other hand, with its multi-use pegs may benefit from the ability to 
check calibration as they are being re-used.

13. Discussion

The success of dental implants is affected by various factors according to the oral 
and general health of the patient, and it has been reported that the ISQ values vary in 
a range between 58 and 84, with a mean of 68 after 8–12 months [11].

When trying to provide not only predictability, but also expedient treatment, the 
use of an RFA device is invaluable. These devices provide a much better indicator of 
the level of osseointegration than all the other methods available. They are easy to 
use and only take a few moments to get ISQ values. Measurements are taken in the 
BL direction and in the MD direction while directing the transducer at an angle of 45 
degrees to the peg (Figure 13).

Figure 13. 
Angle to test stability showing “green” ISQ value.



83

RFA and Its Use in Implant Dentistry
DOI: http://dx.doi.org/10.5772/intechopen.99054

Intra-operatively it is a simple procedure and provides the data you need to make 
intelligent clinical decisions (Figure 14). At placement an ISQ value of 55 is equiva-
lent to the use of torque value where a measurement of 30 would indicate sufficient 
primary stability in order to safely place a healing abutment for a 1 stage or early 
loading protocol. Any lower ISQ would indicate to the clinician that a two-stage 
protocol by burying the implant would be prudent. If a stability of 70 or above then 
immediately loading a single implant could be done safely.

In my clinical protocol, I take measurements at placement and then again at 
8 weeks. At that time, I can make a determination of where the implant is in the heal-
ing spectrum. If the ISQ number has reached a minimum of 70, then I will proceed to 
the restorative phase with confidence. If it is somewhere between my initial measure-
ment and 70, then I will wait another month and re-check.

Clinically this is not only tracked in my digital notes, but also on the Osstellconnect 
site (Figure 15). Conversely, if the ISQ number has dropped significantly below my 
initial reading at placement, it indicates a failing or failed implant and the decision to 
remove it is discussed with the patient. Even though this is an event that no one wants, 

Figure 14. 
Osstell IDX being used clinically.

Figure 15. 
Screenshot of clinical interface on Osstell connect.
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at least it is identified early enough that a new implant can be placed and the patient 
only loses two months in the overall treatment time.

When compared with the use of RFA, Osstell™ system proved to be more reliable 
compared to Periotest® system in measuring dental implant stability in hard and in 
soft interfaces [12]. In 2020 when comparing the Osstell to the Penguin, Bural et al. 
saw no statistical difference in their readings [13].

Today, RFA is being used in clinical research to quantify differences in implant 
designs and surface technology. It was used to determine the difference in stability 
and bone loss associated with implants with differing crestal macro structures and 
thread designs [14].

Also, RFA was able to show that rehabilitations with splinted crowns combining 
4- and 10-mm implants demonstrated a favorable 1-year performance in a shortened 
maxillary dental arch [15].

These instruments are allowing clinical researchers to dissect the parameters and 
minutia that contribute to overall implant success. For example, the use of RFA has 
shown that there is no differences in stability of implant or failure rate between men 
and women [16].

Yet, in Peter Andersson’s 2019 publication, he did find that women had lower ISQ 
values than men, which he and his colleagues attributed to the incidence of osteoporosis 
in female patients. These diametrically opposed outcomes will spur further studies into 
the differences in success between the sexes and what critical factors may be responsible.

He Also found that there was a significantly higher risk for failure for implants 
with an ISQ value below 70 and 75 than for implants with higher stability at place-
ment. Moreover, the risk for failure increased further if the ISQ value was still below 
70 and 75 after 3–4 months of healing [17].

As you can imagine, research like this, is and will allow, us to treat more patients 
effectively and predictably.

The use of RFA is helping to develop better techniques for regeneration and help 
quantify the role that biologics like platelet-rich fibrin may have in enhancing healing 
and contributing to better implant stability [18].

Todays world of implantology if filled with wonderful technology to help practi-
tioners and patients alike. CBCT technology, digital CAD/CAM and 3D printing all 
are used to provide the very best in patient care. RFA allows for a better understand-
ing of primary stability, the healing process of osseointegration and takes the guess-
work out of know when to restore.
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Incorporation of Novel Elements 
in Bioactive Glass Compositions to 
Enhance Implant Performance
Joy-anne N. Oliver, Olanrewaju Akande and Melanie Ecker

Abstract

Increasing popularities of bioactive-glasses and their potential medical applica-
tions have led to countless studies into improving their material characteristics and 
overall performance. Some scientists hope to create new bioactive-glass compositions, 
while others seek to merely modify existing ones such as the novel 45S5 bioactive-glass 
composition; created by Dr. Larry Hench. These modifications aim to address potential 
complications that may arise at a site following implantation such as bacterial infections. 
In other cases, the incorporation of a selected element or compound may aim to improve 
the implant functioning by increasing cell proliferation. Although possibilities are plenti-
ful, researchers avoid compromising the typical bioactive glass characteristics when 
doping with elements such as silver, or gold to achieve additional properties. This chapter 
elaborates on the incorporation of popular elements by doping bioactive-glass composi-
tions to introduce desired properties based on the implant application.

Keywords: doping, bioactive glass, hydroxyapatite, angiogenesis, osteogenesis, 
osteoconductive, biocompatibility, cell proliferation

1. Introduction

A bioactive material is one that is able to elicit a specific biological response at the 
interface of a material that results in bond formation between the body tissues and 
the material that they surround [1]. Common bioactive materials include bioactive 
glasses, and from that derived bioactive glass-ceramics and bioactive ceramics.

Bioactive glass was first introduced in the late 1960’s by Dr. Larry Hench after an 
enlightening conversation with an army officer while attending a scientific conference. 
During their discussion, they connected on the common tragic injuries that the soldiers 
were experiencing during the Vietnam War that was occurring at that time. These types 
of injuries involved those to the limbs, and during that time, the treatment quite often 
involved amputation due to the absence of a material capable of effectively support-
ing the hands or the feet. Over the next few years, Hench and his students developed a 
soda-calcia-phosphate-silicate based glass composition, which was proven to stimulate 
bone [2]. The result of this development in 1969 was the well-known and copyrighted 
45S5 Bioglass. This discovery was the beginning of a new generation of materials, acting 
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as temporary substrates for supporting damaged tissues [3], and since then launched 
products formed from variations of bioactive glasses and glass-cermaics such as calcium 
phosphates and synthetic hydroxyapatite [4–7].

The main purpose of such substrates was to create implants that react to the body’s 
process unlike the implants that were in use at that time which were inert or unreac-
tive. His continued study focused on revealing the mechanism on why his novel glass 
composition, 45S5, was able to interact with the body as a result of by-products from 
the dissolution of the glass components in the body [8, 9].

When a glass is designed to function as a potential implant and possess bioac-
tive features, its behavior is monitored as certain criteria must be achieved before 
confirming bioactivity. This can be done by determining its surface type. There are 
five surface type characteristics of silica-based glasses. Type I surfaces undergo only 
a thin surface layer hydration when exposed to the bodily aqueous environment. In a 
case like that, the bulk composition is similar to that of the surface composition. Type 
II surfaces consists of a silica-rich protective film that occurs as a result of selective 
alkali ion removal. Type III surfaces are known for their ability to form dual surface 
layers, known to contribute to durability in both acidic and alkali solutions. Type III 
surface interactions are characteristic of an ideal bioactive glass. Type IV surfaces 
have the ability to form a silica-rich layer, however, the silica concentration is not high 
enough to protect the glass from further attack by network dissolution. Therefore, 
they are known to have poor durability. Glasses that undergo congruent dissolution 
with equivalent loss of alkali and silica exhibit that of a Type V glass surface [10].

2. What constitutes an effective bioactive glass?

The original purpose for creating a bioactive glass was to form a chemical bond 
with bone, and this was achieved by Dr. Larry Hench as stated prior. It is important 
to understand the mechanism of how this interaction became possible. According 
to Hench, further thermodynamic studies allowed us to understand that there is a 
formation of an organic structure being derived from an inorganic one. He was able to 
determine that the stability of Bioglass® came as a direct result of the formation of a 
Type III surface [10]. This usually occurs as the result of the presence of phosphorus 
pentoxide P2O5 in its composition or in some cases, aluminum(III) oxide Al2O3, form-
ing an additional surface layer of either alumina-silicate or calcium-phosphate species 
on the surface of the silica-rich layer. This comes as a result of dealkalization, surface 
structural modifications or precipitation from solution [9, 10]. Glasses like these 
tend to be very durable in both acidic and alkaline solutions, which contribute to the 
formation of a hydroxyapatite layer capable of creating a bond with tissue.

Hench, his students, and his second wife, June Wilson, a clinical biologist, also 
noted that this mechanism contributed to 45S5 creating strong bonds to living tissue 
because of the expression of bone-growth genes [2, 11] in the body that was stimu-
lated by the chemical byproducts of the glass components in the body due to Type III 
surface interaction [10].

2.1  Mechanism of bioactive glass as an implant and hydroxyapatite (HA) 
formation

The chemical mechanism that occurs once a bioactive glass is successfully intro-
duced into the body as an implant involves a series of ion transfer reactions, as shown 
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in Figure 1, that result in the formation of hydroxyapatite (HA). The HA formation 
is required for the conformation of bioactivity. When a bioactive glass comes into 
contact with the bodily environment, a series of reactions occur to confirm bioactiv-
ity according to Figure 1 in a 5-stage process:

1. Cation exchange involving the monovalent and bivalent cations present in the 
glass with the H+ from the solution, leading to the formation of Si-OH (silanol) 
bonds on the glass surface and an increase in pH.

2. The pH continues to increase while Si-O-Si bonds are attacked by hydroxyl ions, 
causing soluble silica Si(OH)4 to be lost in solution and increases the silanol con-
centration at the glass surface exposed to the fluid.

3. Condensation and polymerization of silanol groups occur, resulting in the for-
mation of a silica-rich amorphous layer (silica gel).

4. Calcium and phosphate ions diffuse through the silica gel, forming and amor-
phous CaO-P2O5 rich film on the silica gel layer film which later crystalizes.

5. The crystallization of the CaO-P2O5 amorphous layer leads to the formation  
of HA.

Figure 1. 
Illustration of series of ion exchanges involved in the formation of HA [12].
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Following the confirmation of bioactivity in stage 5, adsorption and desorption 
of growth factors, produced by the surrounding cells, are enhanced by the HA layers. 
Thereafter, macrophages prepare the implant site for tissue repair by the elimination 
of dead cells, followed by the attachment of osteoblast stem cells. The following stage 
involves the differentiation and proliferation of the osteoblast stem cells toward the 
mature osteoblast phenotype. This typically occurs within hours to weeks depending 
on the class of the bioactive material. Thereafter, generation of an extracellular matrix 
occurs as growth factors stimulate cell division and mitosis and the proteins required 
for the matrix development. The extracellular matrix becomes mineralized followed 
by the encasement of mature osteocytes in a collagen-HCA matrix, resulting in bone 
growth [13].

2.2 The original Bioglass® composition

The novel glass composition Bioglass 45S5 was of the Na2O-CaO-SiO2-P2O5 glass 
system and was known to possess a high calcium concentration with its composi-
tion close to a eutectic in the Na2O-CaO-SiO2 phase diagram [4, 5, 14]. Hench’s novel 
discovery included this glass system in the following mol% concentration: 46.1%SiO2, 
24.4%Na2O, 26.9%CaO, 2.6%P2O5. This glass composition was trademarked Bioglass® 
and since then has only been used in Ref. to the 45S5 composition and not for any 
other general bioactive glasses [14]. Its ability to create a bond to bone so strong that it 
could only be removed once the bone was broken.

2.3 Characterization and measurement of bioactivity

Figure 2 illustrates a ternary plot in increments of 10 wt% of the three base com-
pounds with the addition on P2O5 for the formation of the novel Bioglass® composi-
tion, and for the design of other potential bioactive glasses and glass ceramics based on 

Figure 2. 
Compositional dependence (wt%) of bone bonding and soft tissue bonding of bioactive glass and glass-ceramics. 
The compositions within region a have a constant 6%P2O5 apart from AW glass ceramic which consists of 
concentration of P2O5 greater than 6%. Regions S and E both have the ability to interact with and bond to soft 
tissue and within region E specifically lies the novel bioglass® composition reprinted with permission from [15].
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the wt% of each component. Within it identifies regions of bonding type as it relates 
to the ability to bond to hard or soft tissue. This is a good tool to predict the bioactive 
behavior of glass compositions within the SiO2-Na2O-CaO series and other potential 
series depending on the compounds involved in the desired composition.

The index of bioactivity, IB, is used to indicate the measurement of the bioactivity 
of any material. Introduced by Hench, IB =100/t0.5bb, where t0.5bb is the time for more 
than 50% of the implant interface to be bonded to bone [16]. Bioactivity increases as 
the IB increases.

Since 1994, bioactive materials were classified into Class A and Class B types. Class 
A bioactive materials were determined to be osteoproductive materials which elicit 
both intracellular and extracellular responses at its interface. Therefore, Class A bioac-
tive glasses have the ability to bond with both bone and soft tissue. Class B materials 
are known as osterconductive materials which elicit only an extracellular response at its 
interface. Therefore, osteoconductive implants provide a biocompatible interface along 
which bone migrates. Bioglass® is both osteoproductive and osteoconductive and has 
an IB of 10 [17]. Region D in Figure 2 has an IB of 0 while there is an IB of 2 at region A, 
and it increases as the composition becomes more central on the ternary plot [18].

Experimental processes known to test for bioactivity include in vivo or in vitro 
studies. However, many scientists have performed in vitro studies such as Simulated 
Body Fluid (SBF) testing followed by Fourier Transform infrared spectroscopy 
(FTIR), Scanning electron microscopy (SEM), and X-ray diffraction (XRD). FTIR 
analysis is performed to detect the presence of HA formation by identifying and 

Figure 3. 
(a) XRD analysis and identification of HA formation through starred peaks after glass composition S4-Z1 is 
immersed in SBF solution for 3,7, 14 and 21 days respectively. (b) FTIR analysis of S4-Z1 after immersion in 
SBF for 3. 7, 14, and 21 days respectively. (c) HA formation identified via SEM analysis after immersion in SBF 
solution for 21 days. Reprinted with permission [19].
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evaluating bond bending and stretching inherent to particular functional groups. 
XRD analysis is possible through the evaluation of phase analysis and identification 
of peaks absorbed at certain wavelengths, while SEM analysis is used to evaluate the 
morphology and microstructure of the HA formation. These are indicated in the fol-
lowing Figure 3 for the analysis of a bioactive glass composition S4-Z1 after submer-
sion in SBF solution at room temperature for 3, 7, 14, and 21 days respectively.

3. Development throughout the years

As Hench’s introduction of the novel 45S5 Bioglass® to the medical and engineering 
era became popular, it birthed future opportunities and advancements for bioactive 
glasses as researchers sought to make targeted improvements with it to further their 
knowledge about their applications. Additionally, toxicity of the glasses and environ-
mental factors such as temperature, pressure, and pH must be considered when design-
ing a particular bioactive glass for medical applications. Throughout the years, bioactive 
glasses have been used in the following areas: dental fillings and treatment, scaffold 
production, incorporation into other materials such as polymers and for hard and soft 
bone tissue engineering [20]. Further exploration and experimentation with bioactive 
glass compositions, led to the formation of many different compositions intended for 
specific purposes which were achieved by incorporating other compounds to custom-
ize them based of the desired characteristics. A few base compositions that have been 
created overtime is listed in the following Table 1.

Most of the bioactive glass compositions in Table 1 consists of the following four 
compounds: SiO2, Na2O, CaO, and P2O5. The original 45S5 composition served to 
identify which combinations of compounds produced a glass with ideal bioactive 
properties. While the S53P4 composition comprised of a slight variation of Hench’s 
original 45S5 composition, the 13-93 and 13-93B1 compositions include compounds 
not found in Hench’s original composition. Although these deviations from the 45S5 
composition reduces their bioactive potential, other benefits are gained. For example, 
S53P4 bioactive glass is more stable than the 45S5 composition and borate-based bio-
active glasses stimulate faster hydroxyapatite (HA) formation rates. Magnesium ions 
have been shown to increase bioactive glass antibacterial properties and synergize 
well with host Mg ions in the body during the bone formation process. Furthermore, 
the “addition of borate ions into the glass matrix has been proven to increase apatite 

Composition (wt%)

Name SiO2 Na2O CaO P2O5 K2O MgO B2O3 ZnO CuO Source

45S5 45.0 24.5 24.5 6.0 • • • • • [20]

S53P4 53.0 23.0 20.0 4.0 • • • • • [20]

13-93 53.0 6.0 20.0 4.0 12.0 5.0 • • • [20]

13-93B1 34.4 5.8 19.5 3.8 11.7 4.9 19.9 • • [20]

13-93B3 • 6.0 20.0 4.0 12.0 5.0 53.0 • • [22]

GL1605 • 6.4 20.0 4.0 12.0 5.0 51.6 1.0 0.4 [22]

Table 1. 
Composition of various silicate-based bioactive glasses [20].
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formation rates” on bioactive glass surfaces. This in turn opens the potential for a 
faster bone remodeling process [21].

The continuous evolution of bioactive glasses is also revealed through their 
clinical applications. Silica-base bioactive glasses such as the nominal 45S5 and 
the S53P4 composition were the original accepted standard in the implantation 
industry. Their rapid surface reaction time and comparatively low softening 
temperatures allow for optimal conditions for bone remodeling. Recently, though, 
borate-based bioactive glasses have gained a foothold in the tissue engineering 
market. Having been approved in 2016 and 2018 respectively, the 13-93B3 and 
GL1605 compositions represent the newer borate bioactive glass compositions. 
Borate glasses on average have been shown to release Na and Ca ions at a faster 
rate than their silica-based counterparts [22]. They are also responsible for slower 
regional pH increases than silica glasses due to reduced concentrations of alkali 
ions and the presence of boron. Whether these features are improvements to 
silica-based glasses or not is up to researchers and their intended applications, but 
nevertheless, borate glasses have contributed to the expansion of the bioactive 
glass market.

3.1 Limitations of bioactive glasses

Like all materials, researchers are continuously testing and expanding the 
limitations of the base bioactive compositions. For example, some base compositions 
are more appropriate for environments under constant load while others for those 
of brief, high load amplitudes. Another factor to consider is the alkalinization of 
regions introduced to bioactive glasses. While this may not be significant at lower 
concentrations, it hinders the extent that base bioactive glass compositions can be 
incorporated into the body since large pH changes can be detrimental to human 
health. Researchers in response have to determine viable methods of retaining 
the beneficial effects bioactive glasses present while lessening their control over 
regional pH. Likewise, the intrinsic brittle nature of bioactive glasses has prompted 
researchers to consider alternative methods of incorporating them into the body 
that maintain their biological benefits while increasing their strain to failure nature 
[23–25]. Rather than diverting valuable resources toward synthesizing different base 
bioactive glass compositions for singular uses, researchers are now looking to expand 
base properties through a variety of methods. The goal is to synthesize inorganic 
bioactive glasses that feature similar properties to materials found within the human 
body (Table 2).

Material Compressive 
Modulus (GPa)

Bending 
Strength 

(MPa)

Compressive 
Strength 

(MPa)

Fracture 
Toughness 
(MPa m1/2)

Vickers 
Hardness 

(MPa)

Structure Source

HA 35–120 60–120 100–150 0.8–1.2 90–140 Ceramic [20]

Bioglass® 45S5 60 40 • 0.6 • Glass [20]

Bioglass 52S4.6 60 40 • • • Glass [20]

Trabecular Bone 0.05–0.6 10–20 1.5–7.5 0.1–0.8 40–60 • [20]

Cortical Bone 7–30 50–150 100–135 2–12 60–75 • [20]

Table 2. 
Mechanical properties of various bioactive glasses, ceramics, and human bones [20].
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3.2 Doping-glass performance and manipulation

Customization and improvement of bioactive glasses can be achieved through 
doping. Doping involves the introduction of impurities or other elements into a 
base composition that would result in the enhancement in properties (mechanical, 
biological, structural, thermal, electrical, optical) of the particular product. Wetzel 
et al indicated a limitation of Bioglass® where it easily crystalized during high 
temperature processing. They deduced that the addition of Mg or Zn on the form of 
MgO or ZnO even at low concentrations improved the thermal behavior of Bioglass® 
[24]. Although doping is relatively simple to accomplish, the doping technique 
implemented can affect the extent of doping taking place. Likewise, there are various 
parameters one must consider when doping a material or bioglass in this instance. 
As previously stated, a doping technique must be selected under the assumption 
that some techniques are more applicable under certain conditions than others. For 
example, the standard melting technique is relatively straightforward, but the P2O5 
within the bioactive glass has a much lower melting temperature than the other 
components [24–26]. A higher temperature processing can lead to the evaporation 
of a portion of the substance composition, therefore decreasing the overall bioactive 
potential of the glass along with other properties. Moreover, concentration of dopant 
material should be determined.

The CaO present in the Bioglass® composition increases its durability. Studies 
have shown that “when 10 mol% of CaO was substituted with 10 mol% SiO2 to form 
20%Na2O-10%CaO-70%SiO2”, it exhibited a slower Na+ dissolution, and a more sta-
bilized SiO2-rich surface film when compared to the binary 20%Na2O-80%SiO2. This 
is due to the presence of CaO acts as a modifier that increases the coupling reactions 
between Si-O-Si and NS bonds, stabilizing the SiO2 rich film by filling the micro voids 
that form as a result of the Na dissolution, satisfies the bond in this film and prevents 
any further loss of Na ions [10]. The presence of P2O5 allows for the formation of a 
secondary calcium phosphate film that develops on the side that is in contact with the 
organic fluid environment.

In some bioactive glass and dopant compositions, low dopant concentrations 
may not produce the desired properties while high concentrations can. On the other 
hand, high dopant concentrations may have disadvantages associated with them such 
as cytotoxic and carcinogenic effects while low concentrations minimize them and 
provide protection from these drawbacks. Additionally, the application that a bioac-
tive glass will be used for must also be taken into account when doping.

Other functional variables such as load, fatigue, temperature, and the substances 
that a bioactive glass will experience in its application are essential in the selection 
of a desired bioactive glass composition. While a doped bioactive glass may function 
well under minimal stress at room temperature, its properties may not be ideal in 
its environment of use. Therefore, it is important to consider the dopant material, 
concentration, and its application to ensure the promotion of ideal properties and the 
minimization of those that are not wanted.

Transition metals currently make up a large proportion of suitable dopants due to 
the medical benefits they provide. Elements like iron (Fe), copper (Cu), magnesium 
(Mg), and zinc (Zn) that already play vital roles within the human body are the focus 
of these studies [21, 26–30]. Similar interest has also been directed toward the rare 
earth elements. Various elements like Gadolinium (Gd), Erbium (Er), and Holmium 
(Ho) that are extensively used in a wide range of medical treatments are attractive 
avenues for researchers to explore [31–33]. While these make up most target dopant 
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materials, much work is needed to understand the effects that doping a bioactive glass 
with one of these compounds will have and their extent. Figure 4 reveals the cyto-
toxic effects that various transition element doping oxides have on cell lines. While 
some compounds may increase desired bioactive glass components, their biocompat-
ibility should also be assessed before wide-spread usage.

3.2.1 Boron oxide (B2O5)

It has been experimentally revealed that borate glass systems exhibit greater 
hydroxyapatite (HA) formation and dissolution rates than their silicate-based rela-
tives (ex: 45S5, 13-19, S53P4). Furthermore, borate glasses have been used for healing 
applications by medical professionals due to the borate ions possessing inherent 
antibacterial capabilities. When bioactive glasses are doped with borate ions, there 
was a “gradual increase in surface apatite formation rates” with increased concentra-
tion. [34] Additionally, the antibacterial properties of borate doped glass composition 
increased with greater doping concentrations. This trend is repeated microstructur-
ally as the glass transition temperature, Tg, decreases with increasing borate concen-
trations. Moreover, the glass stability factor and crystallization peak temperature, 
Tp, gradually increased with increasing borate concentrations before decreasing once 
a concentration threshold is surpassed. This pattern is mirrored in cell proliferation 
studies and antibacterial tests concerning borate-doped bioactive glasses. Therefore, 
it is important for researchers to weigh the importance of enhanced HA formation 

Figure 4. 
Cell viability of various transition metal oxides on A549 cells. Figure 1A and B Model the importance of 
researchers understanding the biological effects dopant compounds have on the human body. Cell viabilities below 
70% are considered to be cytotoxic. While Cr2O3 and Fe2O3 caused little to no change in cellular viability, the same 
cannot be said for the oxides of Cu, Zn, Mn, and Ni. However, these ions are also key contributors to various vital 
functions in the human body [28].
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against decreased glass stability, cell proliferation, and antibacterial properties at 
greater borate concentrations. As with all materials, the conditions these bioactive 
glasses will be performing in will determine the importance researchers place on these 
material properties.

3.2.2 Copper (Cu)

Cu is another metallic ion that researchers have incorporated into bioactive glass 
matrices and scaffolds to increase biological performance. Researchers are drawn to 
it because of its positive effects on endothelial cells and blood vessel maturation. Cu 
is also an essential ion in the human body and plays a pivotal role in angiogenesis, 
so doping bioactive glasses with it serves to enhance these benefits [28, 29]. This is 
upheld in Cu-doped calcium phosphates and bioactive glass scaffolds that reveal 
enhanced angiogenesis and stimulated osteogenesis in Cu-doped bioactive glass 
scaffolds. The Cu2+ ion also possesses natural antibacterial properties and works in 
conjunction with the Ca2+ ions in BGs to increase this property. Cu-doped bioactive 
glasses and scaffolds have also been shown to increase the differentiation levels of 
mesenchymal stem cells (MSCs) and act as catalyzing agents in endothelial cell pro-
liferation. On the other hand, bioactive glasses and scaffolds doped with Cu are less 
suitable at elevated temperatures than their non-doped base compositions. This is 
due to Cu weakening the BG matrix when it is doped which leads to a decreased glass 
transition temperature, Tg. While this may not change the benefits doping bioactive 
glasses with Cu provides, it does limit the applications of Cu-doped bioactive glasses 
and scaffolds.

3.2.3 Gold (Au)

Bioactive glasses doped with gold nanoparticles (AuNPs) have also garnered inter-
est among researchers. This is because AuNPs possess a wide range of biomedical 
applications like therapy, hygiene, diagnostics, and prevention. It is important to note 
that AuNPs with small diameters (1–2 nm) are toxic in the human body because they 
cause damage to cell structures when absorbed [35]. However, particle diameters from 
3 to 100 nm appear to not have any toxic effect on cellular structures. Not only does 
doping with AuNPs increase a BG’s biocompatibility, but they also increase the rate of 
the calcium phosphate layer on the surface, bettering its osteoconductive properties. 
Greater amplitudes in zeta potentials are also positively correlated with increasing dop-
ant concentrations of AuNPs. In other words, increasing the dopant concentration of 
AuNP corresponds to greater long-term stability for the bioactive glasses. Interestingly, 
researchers have also discovered that AuNPs have the possibility of being released into 
nearby organs from the bioactive glasses they were doped with. This has led some to 
pursue methods of treatment delivery to specific regions of the body.

3.2.4 Iron (Fe)

Iron was one of the initial elements that were incorporated into bioactive glasses to 
increase their bioactivity and antibacterial properties [28]. Fe ions have been revealed 
to enhance the bone metabolism process which is why they were considered as potential 
doping candidates into bioactive glasses. Fe-doped bioactive glasses have characteristi-
cally lower crystallization temperatures than their non-doped counterparts and also 
have greater storage modulus values [27]. This is turn correlates to larger elastic modulus 
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values for Fe-doped bioactive glasses, making them more suitable for implantation 
applications into the human body [25]. Likewise, scaffolds created from Fe-doped 
bioactive glasses have much greater degrees of formability than their base compositions. 
On the other hand, cytotoxic risks must be considered when doping with high concentra-
tions of Fe which can have detrimental effects within patients and their environment. 
Interestingly, the magnetic properties present in Fe2+ ions are transferred into the base 
composition they are doped into. Researchers hope to take advantage of this magnetic 
behavior by expanding upon existing targeted therapeutic treatments.

3.2.5 Magnesium (Mg)

Magnesium is an important trace element in the human body, which is what makes 
it an excellent candidate for doping into bioactive glasses. The integral role Mg plays 
in bone development and maintenance drew researchers to include it among the first 
wave of transition metals to be considered as a suitable doping agent. Bioactive glasses 
doped with Mg have shown increased rates of HA formation on their surfaces and 
enhanced bioactive and antibacterial capabilities in comparison to their base concen-
trations [21]. Additionally, these bioactive glasses have exhibited superior long-term 
osteoconductive and biocompatibility properties. This is important because research-
ers are continuously seeking methods to increase biomedical implant lifespans since 
the percentage of individuals outliving their implants is increasing. Furthermore, 
Mg-doped bioactive glasses have promising applications in skeletal tissue regeneration 
due to their lower ionic release rates which do not affect the cellular environment to the 
extent of those with elevated rates.

3.2.6 Rare earth elements (REE)

Many REE ions have practical medical applications including but not limited 
to imaging techniques, cancer treatments, and pain relief [32]. Therefore, it is not 
surprising that some of these elements are viable options for therapeutic bioactive 
glasses. REE have been shown to promote bone repair and increase osteogenesis rates 
[31]. This is due to their ability to mimic calcium’s role in the bone repair process and 
open the door to bone density disorder treatments. There are concerns about their 
cytotoxicity to both patients and the environment (Table 3), but that is for researchers 
to determine what level of risk is acceptable while achieving sought-after results [33]. 
Furthermore, the sustainability of REE’s use as a whole is in question since demand for 
these naturally occurring elements will soon outweigh their supply. Solutions ranging 
from increased research into REE recycling and replacement are viable options to con-
sider. However, one may also decide that the resources spent in developing a solution 
can be otherwise diverted to additional research into other dopant materials.

3.2.7 Silicon nitride (Si3N4)

Greater quantities of bone tissue around bioactive glasses have been observed 
with Si3N4-doped BGs [23]. This compound’s high strength, fracture toughness, low 
friction wear, and biocompatibility make it an ideal doping substance for bioactive 
glasses designed for load-bearing purposes. It is also important to note that Si3N4 is 
an osteoconductive biomaterial with the potential to catalyze osteogenesis. In other 
words, this compound increases the rate of bone formation by reducing the time 
it takes bone-forming cells to reach their target regions. Like other viable dopants, 
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Si3N4 promotes MSC differentiation into osteoblasts and improves their adhesion 
to organic material. This in turn leads to an increased production of collagen and 
mineralization, enhancing the bone formation process. The increased bone formation 
also corresponds with an increase in environment pH. This is due to the Na+ and Ca2+ 
ions being released during bone formation that create hydroxides which contribute 
to an increase in regional pH. This phenomenon is shared among most bioactive glass 
compositions, and there are a multitude of methods to negate potential detrimental 
effects to patients.

Compound 3 T3 NRU cytotoxicity test Test T. tubifex Source

IC50

(μg/ mL)
Calculated LD50 

(mg/ kg b.w.)
EC50

(g/ L)
EC50

(mol/ L)
IgEC50

(mol/ L)
[33]

Erbium (III) chloride 
hexahydrate

613.1 1135.2 31.6 0.0827 - 1.08 [33]

Lanthanum (III) 
chloride heptahydrate

379.4 962.6 28.2 0.076 - 1.12 [33]

Praseodymium (III) 
chloride hydrate

532.4 1085.1 18.7 0.0755 - 1.12 [33]

Europium (III) 
chloride hexahydrate

530.3 1078.4 26.9 0.0734 - 1.13 [33]

Gadolinium (III) 
chloride hexahydrate

571.2 1120.7 27.4 0.0736 - 1.13 [33]

Ytterbium (III) 
chloride hexahydrate

423.1 1001.3 31.0 0.0801 - 1.10 [33]

Samarium (III) 
chloride hexahydrate

575.6 1124.0 25.1 0.0689 - 1.16 [33]

Thulium (III) chloride 
anhydrous

440.7 1015.0 22.7 0.0825 - 1.08 [33]

Dysprosium (III) 
chloride hexahydrate

931.8 1264.0 31.5 0.0836 - 1.08 [33]

Terbium (III) chloride 
hexahydrate

397.4 979.2 31.6 0.0846 - 1.07 [33]

Holmium (III) 
chloride hexahydrate

963.6 1205.3 27.1 0.0714 - 1.15 [33]

Lutetium (III) chloride 
hexahydrate

580.2 1066.5 34.3 0.088 - 1.06 [33]

Yttrium (III) chloride 
hexahydrate

377.0 959.6 31.0 0.0801 - 1.10 [33]

Neodymium (III) 
chloride hexahydrate

418.5 966.2 25.8 0.072 - 1.14 [33]

Cerium (III) chloride 
heptahydrate

501.9 1067.1 31.7 0.0852 - 1.07 [33]

Barium Chloride 661.5 1184.0 15.6 0.075 - 1.12 [33]

Cadmium chloride 0.252 62.7 16.5 0.09 - 1.05 [33]

Table 3. 
Cytotoxicity and Ecotoxicity of rare earth compounds [33].
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3.2.8 Silver (Ag)

Silver was one of the first transition metals that researchers attempted to dope 
bioactive glasses with. This is due to its inherent antibacterial capability that covers 
a wide array of diseases. Medical professionals have enjoyed its benefits in surgical 
applications and researchers sought to expand upon their success. It has been observed 
that Ag-doped bioactive glasses have greater bioactive and antibacterial capabilities 
than their non-doped bioactive glass counterparts [28]. Furthermore, Ag particles are 
able to diffuse uniformly throughout the bioactive glasses in which they are doped. The 
feature of not forming a separate Ag layer at the glass surface is important because some 
unintended and potentially dangerous cellular responses can occur [36]. Likewise, the 
antibacterial and bioactive benefits Ag particles present are countered by their possible 
cytotoxic effects in the human body at high concentrations. Therefore, researchers’ 
margin of error and the specific application of these bioactive glasses play key roles in 
determining the extent they are doped with Ag particles.

3.2.9 Zinc (Zn) and strontium (Sr)

Zinc and Strontium have been doped separately and together into bioactive 
glass compositions to optimize their properties. Zn is responsible for promoting 
bone formation while Sr. has been found to limit bone resorption and promote bone 
remodeling [30]. Bioactive glasses, MSC proliferation and differentiation processes 
are also increased by the doping of Zn and Sr. When Zn is doped into the glass matrix, 
it is distributed uniformly, and the surface matrix experiences an accelerated growth 
of its apatite layer. This in turn corresponds to an overall increase in bioactivity. It is 
important to note that doping the bioactive glass with too much Zn will increase the 
potential of cytotoxic effects and a create a lower degradation profile. Additionally, 
solely doping a bioactive glass with Sr. has been found to limit the formation of the 
apatite layer on the glass surface. Furthermore, the Sr-glass network is looser than the 
base glass and Zn-glass networks due to Sr’s ionic radius being larger than those of Ca, 
the element being substituted with the dopant material, and Zn. Although extensive 
research has been done regarding these differences in glass networks, there do not 
seem to be any significant effects in BG properties when low doping concentrations are 
used. Likewise, it has been experimentally determined that small molar concentrations 
of Zn (~2%) and Sr. (~5%) produce optimum cell proliferation and differentiation 
properties, minimizing negative effects associated with elevated doping concentra-
tions. Co-doping the bioactive glass composition with both Zn and Sr. results in a 
combination of the two dopant effects. The (Zn + Sr)-glass network promotes cell 
proliferation and differentiation while also limiting the formation of the glass’s surface 
apatite formation and bone resorption. These represent a few of the various elements 
and their effects that are considered throughout the glass doping process.

4. Conclusion

Over the past few decades, since the discovery of Bioglass® in 1969, hundreds of 
other bioactive glass compositions have been derived or attempted, all with the hopes 
of either improving properties of existing applications such as metal implants, or 
to personalize a specific composition for a unique application. For instance, using a 
bioactive glass composition to coat a particular metal alloy for implantation. Over the 
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years, researchers have introduced elements in the form of compounds into base com-
positions with the aim of achieving distinct properties such as increased bioactivity, 
anti-bacterial behavior, bone proliferation, etc. Therefore, they have since seen prom-
ising outcome when incorporating elements such as magnesium, copper, zinc, boron, 
and strontium, just to name a few. The evolution of bioactive glasses has already shown 
promising progress and is expected to be become a staple prat in medical devices and 
applications within the near future. However, this journey has yet to continue. It is 
important to evaluate the biological response to the newly developed bioactive glass 
compositions to fully understand their risks and benefits. We are curious to see where 
this field is leading us in the next years.
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Novel Dental Implants with Herbal 
Composites: A Review
Gopathy Sridevi and Seshadri Srividya

Abstract

Missing a permanent tooth is a miserable condition faced by a common man. A 
tooth decay, periodontitis, mechanical trauma, or any systemic complications lead to 
such a complication. These bone defects when left untreated lead to severe resorption 
of the alveolar bone. A proper dental filling with an appropriate bone substitute mate-
rial could prevent such resorption and paves a way for subsequent implant placement. 
Dental implants are considered as the prime option by dentists to replace a single tooth 
or prevent bone resorption. A variety of bone substitutes are available differ in origin, 
consistency, particle size, porosity, and resorption characteristics. Herbal composites in 
dentistry fabricated using biphospho-calcium phosphate, casein, chitosan, and certain 
herbal extracts of Cassia occidentalis, Terminalia arjuna bark, Myristica fragans also were 
reported to possess a higher ossification property, osteogenic property and were able to 
repair bone defects. C. occidentalis was reported to stimulate mineralization of the bone 
and osteoblastic differentiation through the activation of the PI3K-Akt/MAPKs pathway 
in MC3T3-E1 cells of mice. This implant proved better osteoconductivity and bioactivity 
compared to pure HAP and other BCP ratios. Terminalia Arjuna was also worked in the 
incorporation in the graft to enhance the osteogenic property of the implant and gave 
good results. Another implant bone graft was synthesized containing BCP, biocompatible 
casein, and the extracts of Myristica fragans and subjected to in vitro investigations and the 
results revealed the deposition of apatite on the graft after immersing in SBF and also the 
ALP activity was high when treated with MG-63 cells, NIH-3 T3, and Saos 2 cell lines. This 
study indicates that the inclusion of plant extract enhances the osteogenic property of the 
graft. Thus, these novel dental implants incorporated with herbal composites evaluated 
by researchers revealed an enhanced bone healing, accelerates osseointegration, inhibits 
osteopenia, and inhibits inflammation. This application of herbal composite inclusion in 
dentistry and its applications has a greater potential to improve the success rate of dental 
implants and allows the implications of biotechnology in implant dentistry.

Keywords: bone defect, dental filling, implant, hydroxyapatite, osseointegration, herb, 
osteoconducting

1. Introduction

Human teeth are the hardest substance in the human body that enhances the beauty 
of a person. It is a highly important structure that helps in food chewing to mechani-
cally break down the food by cutting and crushing them in preparation for swallowing 
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and digesting. It also aids in speech and its articulation of words. Human teeth consist 
of 20 primary (deciduous, “baby” or “milk”) teeth in children and 32 permanent teeth 
in adults. Teeth are classified as incisors, canines, premolars, and molars. Incisors are 
primarily used for cutting the food into pieces, canines are used for tearing the tissues 
of the food, and molars help to grind the food into smaller substances [1].

Teeth are also important for cosmetic purposes as well. Many dental treatments are 
not purposefully dealt with filling and taking out a tooth, but indeed nowadays people 
turn out to esthetic dentistry to improve, straighten, lighten, reshape, and repair teeth as 
well. The field of esthetic dentistry includes the establishment of veneers, crown bridges, 
implants, tooth-colored filling, and teeth whitening procedures.

1.1 Tooth loss

Tooth exfoliation starts from childhood. A young boy or girl loses the baby teeth, 
and it gets exfoliated in response to permanent teeth that start developing beneath 
them. This loss of primary teeth begins around the age of six and continues till 
12 years of age. The primary teeth that are vulnerable are the upper and lower lateral 
incisors that shed at 7–8 years and upper canines are that shed around 10–12 years of 
age. Only the upper and lower first molars shed at 9–11 years of age and upper and 
lower second molars shed at 10–12 years of age [2].

1.2 Pathological tooth loss

Tooth loss is a condition that advances with the increase of age. This occurs as a 
result of mechanical disturbances and abnormal forces that act during the chew-
ing process of hard substances, traumatic injury, etc. Also, a few conditions such as 
untreated dental caries (tooth decay) and severe periodontal (gum) disease might 
lead to loss of permanent teeth. Tooth decay is the primary cause of tooth loss. It is 
caused by the increased plaque retention on the teeth followed by bacterial invasion 
of the plaque. This ultimately results in dental caries and the formation of cavities. 
Untreated tooth cavities for a chronic period of time lead to the breakdown of the 
tooth. This bacterial invasion and retention of plaque deposits also affects the gums 
and bones attached to the tooth and loses its ability to hold the tooth. Periodontal 
structures are tissues that support teeth and their attachment to the bone. Diseases of 
the gums and bones are caused by bacterial invasion of teeth and retention of plaque. 
It results in diseases of the gums leading to periodontitis and detachment of support-
ing structures of the teeth and eventually causes tooth loss. So, the ultimate care of 
oral hygiene is the only preventive measure to prevent tooth loss. Good oral hygiene is 
the process of maintaining proper brushing of teeth two times a day with fluoridated 
toothpaste and frequent flossing. Regular dental check-ups every 6 months can be 
availed to ensure good teeth and prevent tooth loss [3].

1.3 Mechanical trauma and tooth loss

There are a few conditions like bruxism otherwise called teeth grinding that occurs 
during sleep. This condition is very common in people who tend to be awake by profes-
sion at night. This tooth grinding increases the wear and tear action on the tooth and 
causes mechanical injury. The risk of tooth fractures is common in sportspeople, espe-
cially in football and goalie. Research reports claim that smoking is another important 
cause of tooth loss. Reports from countries, such as the United States, Germany, and 
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Japan, show a strong relationship between cigarette smoking and tooth loss. The habit 
of smoking weakens the body’s immune response to infection and causes immunosup-
pression. This makes it harder to guard against a gum infection and takes a longer time 
to heal. Reports reveal that systemic diseases also relate to tooth loss. Conditions, such 
as cardiovascular diseases, diabetes mellitus, cancer, and osteoporosis, also lead to 
permanent tooth loss due to their secondary complications. Therefore, tooth loss is not 
restricted to poor oral hygiene but poor maintenance of overall health [4–6].

1.4 Treatment options for missing tooth

Missing a permanent tooth is a miserable condition. Years after years the treatment 
options for missing teeth are dental implants, fixed dental bridges, removable partial 
dentures. Dental implants are considered as the prime option by dentists to replace a 
single tooth. This procedure involves the surgical mounting of a titanium metal post or 
frame on the upper or lower jaw along with mounting the replaced missing tooth. This 
dental implant acts as a permanent base for the replaced tooth. This procedure is highly 
advantageous because the replaced dental implant resembles a natural tooth and can last 
for decades. It also acts independently and does not disturb the adjacent normal tooth. 
The next treatment option is a fixed dental bridge. This procedure provides bridging 
between the gaps caused by the lost tooth and involves the employment of a dental pros-
thesis or an artificial tooth. This dental prosthesis would be attached to adjacent teeth and 
bonded in place with dental cement. A removable partial denture consists of replacement 
teeth that are attached to a natural-looking pink base. The natural teeth also act to stabi-
lize and hold the removable plastic base in its position place. This pink base is designed in 
a way that matches the color of the gums and the color of the normal teeth [7].

2. Dental implants

A dental implant is a material placed in or on the oral tissues that help to support 
the oral prosthesis. An ideal implant material should possess the following charac-
teristics. It should be biocompatible and possess adequate strength, rigidity, good 
corrosive, and be capable of wear and fracture resistance. The principles of designing a 
dental implant should be much compatible with the physical properties of the material. 
Materials that are used for fabricating a dental implant can be considered according to 
the chemical composition of the implant and their biological responses. Many reports 
claim that these dental implants may be made from metals, ceramics, or polymers [8].

2.1 Titanium and its alloys

According to the American Society for testing and materials, there are six distinct 
types of titanium that are widely available as implant biomaterials. They are grade I, 
II, III, IV Cp Ti, various combinations of titanium, aluminum like alpha-beta alloy 
containing 6% Al and 4% V, alpha-beta titanium alloy containing 6% aluminum and 
7% niobium, alpha-beta titanium alloy with non-ferrous metal. The physical and 
mechanical properties, such as tensile strength and osseointegration, elastic modulus, 
non-toxic nature, are quite different for the different alloys. The most important 
property related to the oxygen residuals in the metals and the other two titanium is 
considered as very low interstitial alloys. Among all the available alloys, the commer-
cially prepared pure titanium alloys are generally considered as pure and mentioned 
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in Grade I, Grade II, Grade III, and Grade IV titanium and has wide applications in 
implant manufacturing. Some trace elements, such as carbon, oxygen, nitrogen, and 
iron, are also considered in this process. Although titanium possesses many strength-
ening characteristics, literature reports reveal that it evokes a stronger reaction in the 
host causing hypersensitivity reactions, failed implants with increased concentration 
of titanium in peri-implanted tissues, regional nodes, and pulmonary tissues based on 
animal models, allergy to titanium in the form of urticaria, pruritus of the mucosa or 
skin, atopic dermatitis, poor fracture healing, necrosis and immunosuppression and 
weakening of orthopedically implanted titanium [9].

2.2 Ceramics

Ceramics has been widely used as a dental implant coating and it was the first 
introduced material in the field of implant dentistry. Hydroxyapatite is one of the 
most known biocompatible materials commonly used as a coating for metal implants. 
These hydroxyapatite coatings create a good interfacial strength between bone and 
implant. It provides greater implant stability and improves bone healing that lies 
adjacent to implants. The use of hydroxyapatite improves the capacity of osseointe-
gration and increases the rate of rehabilitation of patients. This method of implanting 
decreases the time from implant insertion to final reconstruction of the implant 
[10]. There are various methods to coat hydroxyapatite on implants, they include 
sol–gel coating, electrophoretic deposition, plasma spraying, sputter-deposition, and 
biomimetic precipitation. Ceramic materials that are used for dental implanting and 
coatings. The materials used are hydroxylapatite (HA), tricalcium phosphate, fluor-
apatite (FA), tetracalcium phosphate, calcium pyrophosphate, brushite, bioglasses, 
aluminum oxide, zirconium oxide, etc. (Figure 1).

2.3 Metals as dental implants

In the field of dental implanting, metals are widely selected based on factors that 
involve properties belong to its biomechanical characteristics, machining character-
istics, and surface finishing characteristics as well. In the present day, metals, such as 

Figure 1. 
SEM-image of hydroxyapatite.
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Co-Cr, stainless steel, and gold are quite outdated in the dental implant industry and the 
currently available dental metals are alloys of titanium and zirconium as well. Certain 
components of dental implants such as the abutment screws and some attachments 
of the implants are also made of alloys of gold, stainless steel, and Co-Cr. Titanium is 
mostly considered as an effective material by most of the dentists for its wide intraosse-
ous applications. It has enormous and typical properties, such as lesser readily affected 
or corroded by the environment, high resistance to chemical dosing, and capability to 
repair on its own. The resistance to being deformed elastically—modulus of elasticity 
was very compatible with that of bone and titanium oxide [11, 12]. Although titanium 
is a typical material suitable for dental implanting, it faces a lot of shortfalls. These 
drawbacks and detrimental properties of titanium ultimately resulted in prompting the 
scientists to look and research the new implant from other biomaterials [13].

The next innovation to overcome the said shortfalls led to the development of 
ceramic implants [14]. And as a result of this zirconia is used as another material for 
dental inserts. This in turn contrasted with metallic components zirconia demon-
strated the least particle discharge and they are thought to be dormant in the body 
[15]. Zirconia acts as a tooth-like shading and possesses great mechanical properties 
and has great biocompatibility. In such a way, it is by all accounts an appropriate 
dental material [16]. The utilization of zirconia implants keeps a strategic distance 
from the inconvenience and acquiesces to the demand of numerous patients without 
metal inserts. The material additionally gives high quality, crack sturdiness, and 
biocompatibility [17]. There are various materials used for fabricating endosseous 
dental implants like titanium, titanium alloy, stainless steel, alumina, carbon, bio-
glass, polyurethane, etc. [18–20].

A novel implant, the ceria-stabilized zirconia-alumina-aluminate composite was 
developed and was established for its significant effect that it is not prone to aging. 
This implant represents a probable alternative to the yttrium-stabilized zirconia that 
is used for ceramic oral implants. This implant was evaluated for its long-term stabil-
ity due to its make with Ce-TZP-comp and it proved a significant lowest fracture load 
after combined loading/aging [21].

2.4 Polymers

A variety of polymers have been utilized as dental implant materials [22]. A portion 
of the polymer materials is polymethylmethacrylate, polytetrafluoroethylene, polyeth-
ylene, polyurethane, and polysulfone, etc. When polymer acts as a coating layer, inferior 
mechanical properties, lack of adhesion to living tissues, and adverse immunologic 
reactions are eliminated [23–26]. In the present day, polymeric materials are constrained 
to assemble the shock retaining segments joined into the superstructures bolstered by 
inserts [26]. A wide variety of biomaterials have found profound applications in the form 
of inserts. This type of insert in implantology requires a suitable biomaterial of choice. 
The presently available biomaterials, such as bioceramics and other composite bioma-
terials, are under higher consideration and the precise examination of such biomaterial 
definitely have a promising future in the field of dental applications.

3. Herbal composites in dentistry

Herbal medicine is an indigenous system of traditional Hindu medicine and is 
native to the Indian subcontinent. Contemporary practices derived from ayurvedic 
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traditions are also a type of alternative medicine. Ayurveda recommends some 
daily use therapeutic procedures for the prevention of and maintenance of oral 
health. It involves Dant Dhavani (brushing), Jivha Lekhana (tongue scrapping), and 
Gandoosha (gargling) or even oil pulling and tissue regeneration therapies. Various 
herbs are widely used in dentistry and they are aloe vera [27], cloves [28], eucalyptus 
[29], peppermint [30], and turmeric [31].

3.1 Icariin

Icariin, one of the traditional Chinese herbal medicines, possesses significant evi-
dence that it strengthens bones, enhances healing of bone, inhibits osteopenic effect, 
and inhibits inflammation. This idea made scientists incorporate icariin for better 
osseointegration of dental implants and shorten the rehabilitation time of patients 
and the results revealed that. Evaluation of the hypothesis: Limited success has been 
achieved to help implant surgery in icariin significantly improved the success rate of 
the dental implant [32].

3.2 Ascorbic acid

Another randomized trial of preparing a biocomposite osteogenic nanofiber 
was developed with the incorporation of polycaprolactone, hydroxyapatite, dexa-
methasone, gelatin, beta-glycerophosphate, and ascorbic acid along with titanium 
implants was developed so that it mimics the bone extracellular matrix and eventu-
ally induced osteogenesis in the peri-implant niche and also regenerates the osseous 
tissue. This implant was worked on rabbit models and the results revealed that a 
coating of osteogenic nanofibrous tissues significantly increased the magnitude of 
osteogenesis around the zone of peri-implant tissue and also favored the dynamics 
of osseointegration [33].

3.3 Cassia Occidentalis

Cassia occidentalis Linn belongs to the family Caesalpiniaceae and is commonly 
called Kasondi in Hindi. It is mostly grown in the southern parts of India and the plant 
products have been used for various ailments and have a rich medicinal value [34]. 
C. occidentalis (CO) contains significant bioactive compounds, such as terpenoids, 
anthraquinones, and carotenoids. The plant products were reported to stimulate 
mineralization of the bone and osteoblastic differentiation through the activation of 
the PI3K-Akt/MAPKs pathway in MC3T3-E1 cells of mice [35].



113

Novel Dental Implants with Herbal Composites: A Review
DOI: http://dx.doi.org/10.5772/intechopen.101489

3.4 Cassia Occidentalis

3.4.1  Herbal composite using orange and potato peel, papaya leaf,  
calendula flower extract

Another novel dental implant synthesized a nanohydroxyapatite using different 
methods by utilizing the biomolecules from waste products, such as an egg-shell. In 
this study, an institutional controlled synthesis of nano-sized HAP was performed, 
which can be employed in the future for another material synthesis thereby an 
improved bone bonding was obtained by this novel material [36]. A novel implant 
synthesized with nano HAP rods was performed by an in situ method using poly 
(vinyl alcohol) (PVA). These PVA nano-sized crystals of HAP obtained were further 
subjected to in vitro analysis using simulated body fluid. The nano-sized crystal of 
HAP composite improved its hardness when treated with PVA and it overcomes the 
brittleness of pure HAP [37].

3.4.2 Porous scaffolds

A prepared porous scaffold using nano HAP and nylon 6,6 using a salt-leaching 
technique was a newly handled technique. Here HAP was dispersed on the pore walls 
of the scaffold bonds well with nylon 6,6 and it increased the stiffness of the scaffold. 
This porous scaffold acts to be effective as a three-dimensional substrate for bone 
tissue engineering [38]. Another method developed on dental implanting includes 
the synthesis of biphospho-calcium phosphate (BCP) for calcium-deficient apatites, 
such as enamel, dentin, and bone mineral by a process of sintering. The prepared BCP 
had controlled bioactivity when the HAP/βTCP ratio was controlled. This form of 
BCP can be used as carriers for growth factors, drug delivery systems, and in tissue 
engineering [39]. 

Another preparation included natural porous bioceramics from processing the 
cancellous bone. Calcined bovine bone was treated with sodium pyrophosphate and 
sintered to obtain HAP and was in turn converted to βTCP and BCP. This process was 
done to improve and increase the bioactivity of the ceramics when placed in vivo [40].

A newly evolved technique was prepared by using BCP with different HAP/βTCP 
ratios and was analyzed for its bioactivity with SBF solution and osteoconductivity 
in rabbits. The study found that BCP with a HAP/TCP ratio of 60:40 was found to 
be best in showing the bioactivity and osteoconductivity compared to pure HAP and 
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other BCP ratios. A newly developed implant was created using a coating material for 
orthopedic metal implants. In this study, a new bioglass was prepared and coated on 
Ti-based and Co-Cr alloys. This was done to enhance the cell adhesion when placed  
in vivo as a dental implant. This coated metal implant was prepared for dental 
 applications [41].

Another novel implant was prepared by using composite material consisting of 
poly-L-lactide (PLLA) and bioactive glass by solvent evaporation technique. The com-
posite was bathed and soaked in SBF for 3 days for allowing the HAP deposition on 
the composite. The dried composite was subjected to various characterization tech-
niques. The study found that the bioactivity of the composite was highly increased 
and it, in turn, supported the composite to promote bone integration when placed  
in vivo [42].

3.4.3 Chitosan-HAP composite

Another group of researchers synthesized a composite containing chitosan, HAP, 
and bioglass. Chitosan-HAP composite was prepared using calcium nitrate and ortho-
phosphoric acid in SBF. The novel prepared composite bioactive glass was added to this 
preparation. In vitro bioactivity was determined for the composite and the study found 
that the addition of bioactive glass improved the compression strength of the material 
[43]. A prepared HAP-bioglass composite was developed to improve the compression 
strength of the composite compared to pure HAP. In this study, HAP was synthesized 
and combined with a varying percentage of bioglass and was pelletized. The biocom-
posite dental implanting material was characterized using various techniques and the 
study found that HAP with 10% bioglass was having increased bioactivity and com-
pression strength (Figure 2) [44].

3.4.4 Vitamin E

Another implant was prepared with a bioglass composite film consisting of poly 
(3-hydroxybutyrate) and vitamin E. The incorporation of vitamin E was done to 
increase the protein adsorption and hydrophilicity on the surface of the film. This 

Figure 2. 
Cassia occidentalis.
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composite film was subjected to various characterized studies and the results reported 
that they can be applied [45] in tissue engineering as a better matrix material for 
cell adhesion [46]. Chin et al. worked on preparing a novel multi-component skin 
substitute by using collagen as a matrix material which typically depicts the normal 
architecture of the skin. This implanting material has a main advantage in producing 
a cost-effective bone substitute. A novel prepared magnetic fibrin incorporated with 
nanoparticles and characterized those nanoparticles by various physicochemical 
techniques using Saos 2 cells, the cell viability, adhesion, and alkaline phosphatase 
assay. The study revealed that the [47] material exhibited good osteogenic property 
and hence it can be used in bone tissue engineering .

3.4.5 Collagen

Auxenfans et al. [48], a researcher investigated a scaffold that contains collagen 
and glycosaminoglycans (GAG). The matrix was seeded with fibroblast and the study 
found that it forms a typical reconstructed skin or hemicornea once epithelialization 
completes. Another study analyzed the rate of degradation of pure collagen and colla-
gen–HAP beads using collagenase enzyme. This enzyme was able to digest pure collagen 
quickly compared to collagen-HAP gel beads. The HAP provides resistance for quick 
degradation and the matrix structure could be maintained for a greater period and it 
supports the cell to adhere, proliferate, and then differentiate [49].

3.4.6 Gluataraldehyde and barium sulfate

Another research study reported the collagen type II scaffolds by cross-linking 
with glutaraldehyde and scaffold without cross-linking with glutaraldehyde. The 
study explained that the scaffolds were seeded with chondrocytes and observed 
the interaction of cells with the scaffold. The cell adherence on the surface of the 
scaffold was high which was confirmed by SEM analysis [50]. Another implant 
using used barium sulfate and zirconia as additives to implant as a bone cement was 
created to enhance the visualization through X-ray imaging. The incorporation of 
these additives in bone cement helps to locate the material placed in the bone defect 
areas [51]. Brown et al. [52, 53] formulated a bone cement consisting of tetra calcium 
phosphate (TTCP) and dicalcium phosphate (DCPA or DCPD) with a P/L ratio of 
4:1 and mixed with water. The mixture was allowed to set for 30 min which formed 
calcium-deficient HAP. The formed material was hardened and molded and has wide 
applications in craniofacial surgery. Yamaguchi et al. [54] suggested the inclusion of 
zinc along with bone cement which induces osteoblast formation at the localized area 
and eventually new bone formation happens. Another material was developed where 
Co-Cr alloy was coated with bioactive glass by a process of enameling. The coated 
alloy was immersed in SBF for 30 days to observe the deposition of HAP on its surface 
which eventually increases the bioactivity of the material. This has also had wide 
applications in the tissue engineering field [55].

3.4.7 Agarose and BSA

Another new fabrication was created using a porous scaffold containing foam-like 
bioglass and poly (lactide-co-glycolide) PLGA. The scaffold showed high microporos-
ity and also the material was favorable for cell adhesion and hence this scaffold was 
widely applied in tissue engineering [56]. Another researcher [57] also developed 
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a scaffold containing BCP and agarose gel. He analyzed the compression behavior 
of the scaffold and found that agarose improved the property of BCP by imparting 
elasticity, ductility, and toughness to the material. Hence, this scaffold could be used 
in the tissue engineering process. Another researcher [58] too prepared a scaffold 
comprising of two proteins namely bovine serum albumin and alpha casein by a cold 
gelation process. The developed scaffold can perform better in its porosity, cytotoxic-
ity, and swelling ratio and the pH changes unalters the scaffold performance. An 
Indian researcher [59] also prepared bone grafts containing fibrin functionalized 
graphene oxide (FGO) and graphene oxide (GO) on to which HAP was grown by wet 
precipitation method. An in vitro analysis was performed to study its biocompat-
ibility, cell viability, alkaline phosphatase activity, and protein expression studies. The 
graft containing FGO–HAP showed a better osteoconductive compared to the GO–
HAP graft and the results clearly indicated that FGO–HAP can be used in repairing 
bone defects.

3.4.8 Terminalia arjuna bark

Another Indian scientist team [60] prepared a bone substitute with the incorpo-
ration of the extracts of Terminalia arjuna bark. The bark extracts were collected, 
added with BCP, casein gel, and cast into cylindrical bone grafts. The grafts were 
immersed in SBF for 21 days and analyzed using conventional techniques. The graft 
was subjected to in vitro cell studies to observe its ossification property. The plant 
bark extract was traditionally used in fracture healing and hence its incorporation in 
the graft to enhance the osteogenic property of the graft which was evident in in vitro 
studies. Santhosh et al. [61] synthesized a bone graft containing BCP, biocompatible 
casein, and the extracts of Myristica fragans. The prepared graft was analyzed for in 
vitro bioactivity and subjected to in vitro cell analysis. The results revealed the deposi-
tion of apatite on the graft after immersing in SBF and also the ALP activity was high 
when treated with MG-63 cells, NIH-3 T3, and Saos 2 cell lines. This study indicates 
that the inclusion of plant extract enhances the osteogenic property of the graft.

4. Conclusion

The widely used dental implants are known for their unique characteristics. 
Recently, novel dental implants incorporated with herbal composites were evalu-
ated by research scientists and revealed abundant evidence on such materials. These 
implants developed enhanced bone healing and strengthens the bone, accelerates 
osseointegration, inhibits osteopenia, and inhibits inflammation. These novel 
implants allow good biocompatibility, viability and shorten the rehabilitation time 
for the patients. The application of herbal composite inclusion in dentistry and its 
applications has a greater potential to improve the success rate of dental implant and 
allows the implications of biotechnology in implant dentistry.
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Abstract

Bioactive glasses are very attractive materials, used for tissue engineering  
materials, usually to fill and restore bone defects. This category of biomaterials, show 
considerable potential for orthopaedic surgery because they can promote bone tis-
sue regeneration. Many trace elements have been incorporated in the glass network, 
an example is metallic glasses to obtain the desired properties. Because of tolerable 
mechanical properties, and because they are able to bond to living bone and stimulate 
its regeneration, this bioactive glasses have a particular interest and are in a continu-
ous research and improvement. The chapter presents the history of bioactive glasses, 
classification, include a summary of common fabrication methods, applications, 
surface coatings, applications and future trends in relation to human bone. This review 
highlight new trends and areas of future research for bioactive glasses.

Keywords: bioactive glasses, bioactivity, glass-ceramics, biodegradable,  
melt-derived glasses, bone, applications, tissue engineering

1. Introduction

Research in the field of materials science and engineering has expanded greatly 
in recent decades, especially in the field of biocompatible materials. This is because, 
on the one hand, medicine is constantly looking for solutions to remedy many health 
problems, and on the other hand, certain classes of materials have already proven 
useful in alleviating or even curing certain human suffering [1, 2].

The development of biocompatible materials research is an evolving process driven 
by the increase in the number of accidents and many health problems, but also by the 
desire to increase the average life expectancy in humans. As research in the field of 
biomaterials science advances at the laboratory level, the incidence of serious diseases 
is increasing in the global human community. The World population is getting larger 
and the percent of elder persons is increasing and influencing the increase of chronic 
illness, like cancer or cardiovascular diseases. Next to this on large scale other infectious 
diseases are getting more common like: HIV/AIDS, tuberculosis or gastrointestinal 
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issues. On this reason the focus of the research in the field of medical materials and 
instruments should prepare for the request on the market [3].

While traditional biomaterials were based on polymers, ceramics and metals, now 
the latest generation of biomaterials incorporates biomolecules, therapeutic drugs and 
even living cells. At present, biomaterials are a special category of materials, indispens-
able for raising the quality of human life and extending its duration [4].

Biomaterials are generally intended to be implanted in a living organism to restore 
the shape and function of a part of a tissue destroyed by disease or trauma.

The introduction of a biomaterial into the human body determines an implant 
versus tissue interaction, which can generate conflicting reactions. They can be toxic, 
mechanical, and electrochemical biological. It can even lead to serious damage to the 
bone or adjacent tissue, or assembly used. Due to these phenomena, depending on 
the quality of the biomaterial, the place of implantation and other causes, corrosion 
occurs on the surface of the implant, with loss of quality his.

Depending on the medical application for which it is suitable, a biomaterial must 
have one or more of the properties presented in Figure 1. These factors are very 
important and have a close correlation between them: to be biologically compatible 
with the host tissue (for example, it does not have to causes rejection, inflammation 
and immune responses); Easily achieve direct bio-chemical attachment to the host 
tissue; The biodegradation time must be adjusted to suit the time of natural bone for-
mation; Degradation mode: Surface or depth erosion; Ability to support the growth of 
germinal capillaries, tissues perivascular mesenchymal and osteoprogenitor cells from 
host in the three-dimensional structure of the graft that acts as a support; Needed 
to maximize space for grip and growth cellular, revascularization, proper nutrition 
and oxygen supply; For support in the process of cell growth and in the transport of 
nutrients and oxygen [5].

A material suitable for use in medicine must have, where appropriate, certain 
characteristics special and offer a number of advantages: mechanical integrity of the 
tissues acting as a support for growth living tissue; control of the biological response, by 
promoting dynamic interactions with tissues surrounding; behaving as a space for the 
survival of host cells, facilitating the transport of nutrients and metabolites, by maxi-
mizing the biological and / or pharmaceutical response; good biocompatibility /  
biodegradability, with adequate degradation kinetics; new tissue formation, thus mini-
mizing both tissue and response toxicity systemic; feasibility in production [6, 7].

Of all the factors, biocompatibility is the most important feature to be taken into 
account consideration in the clinical applications of a biomaterial and which is related to 

Figure 1. 
The main characteristics of biomaterials.
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behavior biomaterials in various contexts. Biocompatibility is correlated with the appear-
ance of a response weak immune system in contact with a particular biomaterial [8, 9].

The most complex unit is the human body, having many levels of tissues, organs and 
systems. If we speak about tissues these can be soft or hard, after that being classified in 
ones in contact with blood or not, in contact with the biomaterials or not [10].

On biomaterials the classification can vary, according to the composing materials 
and their use; the origin – natural or synthetic, simple or mixed composite and so on. 
Regarding the composition these can be metallic, ceramic, polymeric, composite and 
of natural origin.

According to every biomaterial, the advantages and disadvantages can influence 
their use, being induced by the characteristics of biomaterials and by the functional 
requirements of implants.

Bioglass (BGs) is a chemical compound that is part of a compositional family 
known to have the best bioactivity properties. This are osteoconductive and osteoin-
ductive as well biocompatible and highly bioactive, as demonstrated by the connec-
tion with living tissues in a short time to just a few hours [11].

This new class of biomaterials, based on an amorphous mixture of oxides (SiO2-
Na2O-K2O-CaOMgO-P2O5), was patented in 1968 by Larry Hench by preparing the 
well-known Bioglass 45S5.

Depending on the percentage of SiO2 mainly, these biomaterials can be bioinert, 
bioactive or bioresorbable. Hench and Clark were the first researchers to observe the 
bioactivity of this material in vitro and in vivo and demonstrated its osteointegrative 
potential [12].

At the same time, the antimicrobial and anti-inflammatory properties and the 
possibility to easily control the crystallinity by applying heat treatments corresponding 
to the glassy phase present in the bioglass structure were noted. All these are additional 
arguments for this class of biomaterials to be a first objective in research in the field [13].

L.L. Hench developed the concept of using a material based on silicon dioxide, 
calcium oxide and phosphorus pentoxide, in a proportion similar to that of natural 
bone, to make implants, which have the property of developing a bond with the bone. 
In Figure 2 is presented the Hench Diagram. The level of biocompatibility of a mate-
rial can be correlated with the time in which it was performed bone binding for more 
than 50% of implant surface (t0.5bb) [15].

Figure 2. 
Hench diagram [14]. *notations: A - bioactive materials, B - inert materials, C - absorbable materials,  
D - cannot be obtain bioglasses, la = 0 the limit of the compositions that allow the binding to the hard tissues, 
la = 8 is the limit of the compositions that allow the binding of soft tissues.
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The bioactivity index is defined by the following formula:

  (1)

Because some studies show that the GBs are fragile and exhibit poor mechanical 
properties, this limiting the involvement in load-bearing applications, another way 
to represent a feasible solution, is to incorporate the bioactive glasses into gelatine 
matrices and to fabricate composites [16, 17].

2. History - current level of development

Although 40 years have passed since the patenting of this material, until now it 
has been intensively used only in the form of large diameter particles (~ 100 μm), 
grouped in blocks with different geometries, with applications in regenerative ortho-
pedic surgery (bone fillers).

Enamel-glazing and flame / plasma spray are used as commercial methods to 
obtain bioglass thin films at the commercial level, and in recent years’ intensive 
research has been carried out in many biomaterials research laboratories to find 
alternative methods to the traditional ones, which lead to thick coatings with low 
mechanical strength.

Although their superficial properties are interesting, their development is limited 
due to: high fragility and reduced mechanical resistance to static fatigue. However, they 
are used to make middle ear bones, alveolar reconstructions, dental implants, films for 
total coverage of prostheses (alumina or titanium alloy), for modern cancer treatments.

For all these applications, the bioglasess have seen a spectacular development, as 
shown in Table 1.

Due to the high fragility and low mechanical strength of bioglasses as well as the 
toxicity of metal ions that can occur from metal alloys used in internal prostheses, the 
study of metal orthopedic prostheses coated with thin bioglasses films was studied.

Their use is motivated, among other things, by the porosity characteristics of 
the bioglasses, which allow a very intimate propagation of the tissues, thus ensuring 
a perfect connection with the implant. Thus, these structures have the advantage 
of combining the bioactive properties of the coating material with the mechanical 
strength of the support (Figure 3).

Bioglasses are superficially active, they have the property of binding mechanically or 
biochemically to bone tissue or collagen fibers in contact with soft, living tissue.

It has been shown that the connection between the bioglass and the bone is 
achieved by the formation of a superficially active interface based on hydroxyapa-
tite, which further determines the reconstruction action of the tissue cells; such a 
mechanism is stimulated by a slightly basic pH, caused by ion exchanges between the 
bioglass and the tissue.

Materials with limited reactivity, such as dense hydroxyapatite, have a weaker 
effect than biosticles in the healing process of bone tissue.

All classes of the biomaterials are used throughout the human body, for this 
purpose, physical, chemical and biological properties of materials are exploited, often 
new or improved properties, and the resulting structures can interact faster at the 
biomolecular level, both on the surface and inside the cell.
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Year Stage/Achievement/Application

1969 Highlighting the binding (binding) of the bone with the help of bioglass and bioglass-ceramics

1973 Specification of the interaction mechanism at the bone-bioglass interface

1973 Binding of bone to active biovitroceram

1976 Measurement of the profiles of compositions in the bioglass-bone connection area

1976 Successful introduction of bioglass into the dental implant

1980 Comparative histology of variable bioactivity implants

1981 Ultrastructure analysis of biovitroceram and bone

1981 Toxicology and biocompatibility tests of biostycles and evidence of soft tissue binding

1981 Clinical use of vitroceram (Ceravital) in the middle ear prosthesis

1982 Comparison between the glass implant and other inert implants instead of the middle ear bone

1982 High mechanical strength vitroceram (apatite and wollastonite) for vertebral prostheses

1983 Mechanically machinable vitroceram based on apatite and fluoroflogopite

1984 The FDA approves the sale of bioglasses and prostheses for the middle ear

1986 Clinical trial of bioglasses for alveolar ridges

1993 PerioGlas approved by FDA (45S5 Bioglass® for bone and dental repair)

1998 Peripheral nerve repair

1999 Radioactive glasses approved by FDA (TheraSphere®) for cancer treatment

2000 Wound healing

2002 Medpor®-PlusTM approved by FDA (polyethylene/45S5 Bioglass® composite porous orbital 
implants).

2003 Antibacterial (Zn-containing) bone/dental cements

2004 Lung tissue engineering

2004 Use of mesoporous bioactive glass (MBG) as a drug delivery system

2005 Skeletal muscle and ligament repair

2005 Treatment of gastrointestinal ulcers

2010 Cardiac tissue engineering

2011 Commercialization of a cotton-candy borate bioactive glass for wound healing in veterinarian 
medicine. FDA approval was pending.

2012 Embolization of uterine fibroids

2012 Spinal cord repair

2018 Use of radioactive glasses (TheraSphere®) in patients with metastatic colorectal carcinoma of 
the liver

Table 1. 
Stages of development of bioglass and glass-ceramics [4, 5, 15].

Figure 3. 
Multilayer structure [9].
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3. Relevant studies

Most of the commercial biomaterials (glass, ceramics, glass-ceramics and 
composites) are known that bind to bones, being called bioactive ceramics. Also 
other strictly specialized compositions of bioactive glasses bind to soft tissues. A 
common feature of bioactive glasses and ceramics is the change of the material 
surface after time-dependent implantation. On the surface it is formed a biologically 
active layer of hydroxycarbonate apatite (HCA), which provides the tissue-binding 
structure [4].

Many studies have shown bone-related bioactive implants with sufficient adhe-
sion to the interface to withstand mechanical fracture. A failure never occurs at the 
interface, but either in the implant or in the bone.

Bone binding was initially demonstrated for some compositional domains of 
bioactive glasses, containing SiO2, Na2O, CaO and P2O5, in the proportions specified 
in Table 2.

During the years many types and variations of the composition were approved by 
FDA and named Bioglass.

When introducing a material into the living organism, a series of very complex 
interactions can appear, being able to identify four specific phenomena that are 
unitary in the so-called “concept of biocompatibility”, namely:

1. initial processes that take place at the biomaterial interface ÷ living tissue and 
that are closely related to the physico - chemical processes that take place in the 
first minutes of the contact between the biomaterial and the living tissue;

2. the effect induced by presence of biomaterial as a foreign body in the living 
tissue surrounding the implant, which can be measured at any time, from a few 
minutes to years;

3. the effect that living tissue has on the biomaterial through the changes observed 
in the biomaterial, effect described in the form of corrosion or degradation;

4. consequences of the reaction at the interface that are systematically seen on 
the surface of the body or in certain specific areas, medically recognized as the 
development of specific allergies, the initiation of tumors or the appearance of 
infectious processes [5].

Chemical interactions that occur at the surface are:

• Rapid exchange of Na + and Ca2 + ions with H + and HO- ions in solution, lead-
ing to hydrolysis of silica groups, with the formation of silanol groups;

  (2)

• The cation exchange increases the concentration of hydroxyl ions in the solution, 
which leads to the attack of the silica network;

• Condensation and repolymerization of a SiO2-rich layer on the glass surface, 
depleted in alkaline and alkaline-earth cations;
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• Migration of Ca2 + and PO4
3− cations to the surface through the SiO2-rich layer, 

forming above it an amorphous CaO-P2O5-rich film, which grows by incorpo-
rating calcium and phosphates from the solution;

• Crystallization of the amorphous film rich in CaO-P2O5 by incorporation from 
the solution of OH- and CO3

2− anions, with the formation of a mixed layer 
containing carbonated hydroxyapatite (HCA).

The biomaterial versus tissue interface, which is established by implantation, is 
almost inevitably a blood ÷ material interface and the initial events are dominated by 
the absorption of blood proteins on the implant surface. At this contact it was estab-
lished that a series of biological processes: Adsorption and desorption of biological 
growth factors, in the HCA layer, which determines the activation of stem cell dif-
ferentiation; The action of macrophages, which phagocytose local residues, allowing 
cells to grow; Attachment to the bioactive surface of stem cells; Differentiation of stem 
cells with the formation of bone growth cells, called osteoblasts; Osteoblasts generates 
extracellular matrix with bone formation; Crystallization of the phosphate inorganic 
matrix by embedding bone cells in a living composite structure (Figure 4) [19].

The chemical and topological properties of the implant surface strongly influence 
the properties of the biolayer and this influence must be understood and controlled in 
order to optimize the biocompatibility of the material used. Relevant in the study of 
biocompatibility is the fact that proteins and cells have nano- and micrometer sizes, 
which requires extremely delicate approaches. Of equal importance are the properties 
of cells, for example, their ability to communicate via the extracellular matrix with 
signal molecules (molecules used in the process of living cell synthesis). During tissue 
healing, numerous bioactive signaling molecules control tissue formation, and some 
proteins have demonstrated the ability to stimulate healing near the implant. All these 
mechanisms contribute to the response of the tissues to the implant and can deter-
mine whether the body accepts the implant or not, whether it is biocompatible.

Japanese researchers have tested the effect of surface area on bone proliferation. 
Three types of biomaterials were compared: bioactive glass, dense hydroxyapatite 
and glass ceramics. Each material was implanted in a 6 mm diameter hole, which was 
drilled into the bone of an adult rabbit’s leg. Bioactive glass has been found to produce 

Figure 4. 
Bioactive glass surface reaction [19, 20].
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bone tissue and is subsequently resorbed much faster than the other two materials, 
both of which have a lower surface reactivity than glass.

The rate of bone growth around an implanted material depends in part on the 
rate of dissolution of the silica network and therefore it is very good to determine as 
accurately as possible the system in which the oxide composition of the bioglass.

Alkaline content plays an important role in the stability of bioglass. From this 
point of view, two categories are distinguished: bioglass with rich alkaline content and 
bioglass with poor alkaline content. The latter are characterized by a high degree of 
decomposition over time, during bone reconstruction. This type of bioglass has been 
used in maxillofacial applications and in the chaining of the inner ear bones.

Most determinations were made with glasses based on 6 oxides: SiO2-Na2O-
K2OCaO-MgO-P2O5, as it was found that the bone binds to materials with a wide range 
of compositions in this system. Soft tissue binding occurs for a much smaller range of 
compositions.

There are three basic compositional requirements for silico-chalco-sodium glasses 
to bind to hard tissue. These are: less than 60% SiO2 (mol), high content of Na2O 
and CaO, high CaO / P2O5 ratio. The level of bioactivity is strongly dependent on the 
relative concentrations of ions.

The most successful bioactive glass is the one that contains P2O5 between 6 and 15%.
In the diagram of the SiO2-CaO-Na2O ternary system (6% P2O5), some materials form 

a bond with the bone in 30 days. Other glasses bind to the soft tissue, some of the glasses 
are almost chemically inert and others are resorbable and dissolve in 10 to 30 days.

Bioglasses from another part of diagrams, from a technological point of view, 
are not forming glass and have not been tested as implant materials. Until now, it 
has been considered that in order to be bioactive, glasses and glass-ceramics must 
contain both CaO and P2O5, which are the component oxides of hydroxyapatite.

Ohura and collaborators have shown that glasses in the CaO-SiO2 system without 
P2O5, as well as those containing very small amounts of P2O5, form a layer of hydroxy-
apatite on their surface when immersed in simulated body fluid (SBF). In contrast, 
under the same conditions, the glasses in the SiO2-free CaO-P2O5 system do not form 
the hydroxyapatite layer. It follows that bioactive compositions can be obtained in the 
CaO-SiO2 system rather than in the CaO-P2O5 system.

Bioactive glasses usually have weak strength and resilience properties, which is 
why they are reinforced with metal fibers made of stainless steel, titanium and Co-Cr 
alloys. As a result of the reinforcement with metal fibers, the volume of defects and 
the residual tensions decrease, and the microcracks produced are below the critical 
length and have rounded extremities.

4. Methods of obtaining

The most methods used for bioglass nanoparticles obtain are: quenching method, 
sol–gel, flame synthesis, microwave irradiation and microemulsion. Two main pro-
cess that can synthesize the biomaterial are the melt quenching method and sol–gel.

4.1 Quenching method

The melt queching method can synthesize bioglass in a short time, by heating the 
initial precursors to high temperatures and following special rules. The preparation 
process proposed by Hench by melting is based on the following steps:
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• Melting of the mixture of high purity raw materials, in Pt-10% Rh crucibles, 
covered, in order to prevent the volatilization of the components.

• The melt is loosened for at least 2 hours, without removing the lid.

• The glass is poured into graphite molds. If the sample diameter is larger than 
1 cm then the mold is preheated to 300°C.

• The glass is annealed at different temperatures depending on the composition, 
for 4 hours (see Table 3)

• The glass is cooled slowly in the oven for 16 hours.

The role of annealing is to create the conditions for the formation of microcrystals, 
thus obtaining a bioactive glass–ceramic.

The melt quenching method synthesis was also carried out by Shams et al. in 
2018. Bioglass nanoparticles were prepared from analytical grade SiO2, Na2CO3, 
CaCO3, and P2O5 precursors. As an example from the literature [21]: the precursors 
were mixed in 53.0 SiO2:23.0 Na2CO3:20.0 CaCO3:4.0 P2O5 molar ratios followed 
by milling in an agate mortar [22]. The blend was mixed in a jar for several hours 
and then pressed into discs with 10 mm in diameter using a hydraulic press appa-
ratus. Than the samples were placed in an alumina crucible and heat treated in the 
furnace [21].

In Figure 5 we can see the thermal program: melting at 1400°C for 3 hours - result-
ing molten material, then quenched in distilled water to produce glass frit. The glass 
frit was than dried in an oven at 80°C for 5 hours. The dried glass frit was milled in a 
Retch PM400 milling machine using zirconia cups for 6 h to obtain the bioglass pow-
der [21]. FESEM micrograph of bioglass nanoparticles, includes spherical particles 
with a wide size distribution from 100 to 800 nm [21].

Although the melt technique is a fast method, the resulting glass usually has a low 
specific surface area value. According to previous research, the specific surface area 
value is a key factor affecting bioglass bioactivity. Increasing the specific surface area 
can increase the surface reaction between the artificial material and the physiological 
environment, thereby increasing the formation of the HA layer.

4.2 Sol–gel method

One of the most common method - the sol–gel process is well known for obtain-
ing synthetic materials, like silicate and oxide systems and respectively thin films, 
coatings, nanoparticles, and fibers. The sol–gel reactions takes place at low tem-
peratures and involves the synthesis of a solution (sol), usually consisting of metal–
organic and/or metal salt precursors followed by gelling by chemical reactions, or 

Type 45S5 45B15S5 KLP1 KZS3020 45S5N 45S5-L 45S5-F

Tmelting [°C] 1350 1150 1350 1500 1350 1350 1200

T annealing [°C] 500 375 550 700 550 550 350

Table 3. 
Heat treatment temperatures for Hench glasses.
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aggregation, and finally thermal treatment for drying, removal of organic substances, 
and sometimes crystallization and cooling. Some ions (magnesium, zirconium, zinc, 
silver, titanium, boron) can be also added to the bioactive glass in order to enhance 
glass functionality and bioactivity. However, bioactive glass is difficult to synthesize 
on a nanoscale with the addition of ions [22].

The sol–gel method can synthesize bioglass at lower temperatures, has a porous 
structure, and a high specific surface area value which can increase the bioactivity of 
synthetic materials.

The raw materials used in the sol–gel method are alkoxide precursors or soluble 
inorganic salts derived from the oxide components of the glasses.

If a glass is prepared in the SiO2-CaO-P2O5 ternary system, the precursors 
used may be:

• TEOS - tetraethylorthosilicate (C8H20O4Si)

• Calcium nitrate (Ca (NO3)2 ∙ 4H2O)

• PET - triethylphosphate (C6H15O4P)

The following factors are considered: the raw materials are added dropwise, under 
continuous stirring; the pH is adjusted with nitric acid to 2–3 thus taking place an acid 
catalysis; the soil thus obtained is left to gel for a few hours in an oven at 60° C.

The advantages of the sol–gel method are:

• Low obtaining temperature;

• High purity;

• Improved homogeneity;

• Variation of the composition in order to maintain bioactivity;

• Modification of structural characteristics, by controlling hydrolysis and conden-
sation reactions;

• Powders of nanometric dimensions;

• Nanostratified porous materials.

Figure 5. 
The furnace temperature programming. Image adopted from [21].
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Kumar et al. [23] synthesizing bioglass nanoparticles (SiO2 (60%)-CaO (30%) 
-P2O5 (10%)) through the sol–gel method. The synthesis of bioglass nanoparticles 
was carried out by mixing TEOS (4.054 g) with ethanol using a magnetic stirrer for 
one hour at room temperature. In separate containers, calcium nitrate tetrahydrate 
(2.372 g) and phosphate pentoxide (0.267 g) were dissolved in distilled water and 
stirred each with a magnetic stirrer for 30 minutes at room temperature as well. 
After one hour, the solution containing calcium was added dropwise to the solu-
tion containing TEOS, as well as the solution containing the phosphate. After that, 
ammonia solution was added to the mixture to maintain pH 11. The mixture was then 
put in an incubator for 48 hours to obtain the gel. The obtained gel was placed in an 
oven at 100°C to dry [23]. The result of TEM analysis shows that the shape of the 
bioglass nanoparticles is irregular at the nano and micro scales due to the presence of 
agglomeration, the particle size varies from 200 to 500 nm, average surface area of 
the bioglass nanoparticles measured using BET with N2 was 10.4 m2/g. The larger the 
particle size, the smaller the surface area.

Another study made by Durgalakshmi et al., by mixing tertraethyl ortho-
silicate (TEOS) and HNO3 as an acid medium, then added alcohol to help the 
hydrolysis process. Gel formation occurred after 30 minutes of mixing. At 
20 minute intervals, other reagents are added to the mixture such as phosphoric 
acid, calcium nitrate, and sodium hydroxide. The solution was mixed for 4 hours 
to obtain a homogeneous gel. After the hydrolysis process is complete, the sol is 
stored at 70°C for 24 hours, and then the dry white powder is taken at 600°C for 
2 hours [24]. Scanning electron microscope analysis shows that the particles do 
not have a well-defined shape, having less than 100 nm in length [24]. The large 
particles of over 200 nm could be formed due to particle agglomeration during 
sintering [25].

5. Applications

From ancient times there has been an interest in repairing and replacing parts of 
the human body that present problems and this has been done using various materi-
als more or less suitable depending on the information available at that time [26].

Due to the evolution of science and equipment today, the medical world is in a 
period of transition from the healing of existing organs to their replacement with 
synthetic materials obtained in high-performance laboratories [27].

Bone replacement is in the 2nd place as a tissue replacement procedure, in the first 
place being the blood transfusion. Yearly are done more than 2 million bone recon-
structions in orthopedics, neurosurgery and dentistry.

A wide variety of biomaterials are used in restorative medicine. The choice of 
material for a practical application in medicine remains a key factor in the design 
and development of medical implants and devices. Currently, more than 50 bio-
materials (BIOGLASS 45S5®, CERABONE A-W®, TheraSphere®, Corglaes®, 
NovaBone®, NovaMin® etc.) of synthetic or natural origin are used in medicine, 
covering a wide variety of applications. The tables below (Tables 4 and 5) show 
some of the applications of bioactive glass and glass ceramics due to their well-
defined bioactive properties [28].

Figure 6 illustrate some examples of commercially glasses, available on the 
market. All research leads to a great potential of BGs in medicine but it is not fully 
exploited yet and the next years a rapid growth is expected.
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Composition Form Application Function

Bioglass 45S5 Solid 
body

Reconstruction of the 
alveolar margin

Filling the space and tying the tissue

Solid 
body

Middle ear prosthesis Reconstruction of the ear canal by replacing 
part of the bone chain

Powder Reconstruction of defects 
caused by periodontitis

Replacing lost bone and preventing gum 
retraction

Powder Fixation of hip implants Replacement of lost bone due to a defective 
fixed implant

Table 4. 
Applications for BIOGLASS 45S5.

Composition Form Application Function

Cerabone A-W 
glass–ceramic

Solid body Iliacal ridge 
prosthesis

Replacement of extracted bone for autograft

Vertebral 
prosthesis

Replacement of a vertebra lost during 
surgical removal of a tumor

Deposition Fixing hip 
prostheses

Provides bioactive binding of the implant

Table 5. 
Applications for CERABONE A-W.

Figure 6. 
Examples of commercially produced glasses, available on the market [29–33].
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6. Future trends

It is hard to say which is the most feasible bioglass. So the focus of the research is 
now on optimisation of the materials with deposition techniques, influenced by the 
parameters of the coatings and the composition of the bioglass, in order to obtain a 
multi-functional coatings, that will give long-term qualitative implants without side 
effects and ensuring regeneration.

Figure 7 shows the challenges and future trends for bioactive glasses (BGs)in 
medicine promoted by researchers which will lead to better implants. The properties 
of a biomaterial are decisive in ensuring the biocompatibility of an implant:

• from a chemical (compositional) point of view, a biomaterial must not contain 
elements that generate adverse and / or inflammatory reactions upon implanta-
tion. An important aspect is also related to the possible formation on the implant 
surface, in in vivo conditions, of new structures and compositions, dependent 
on the interactions that are manifested between the biomaterial and the envi-
ronmental conditions specific to the implantation area. Their nature and physico 
- chemical characteristics can affects the long-term reliability of the implant.

• from a structural point of view, a biomaterial must have a density and a poros-
ity corresponding to the structural function that the implant is to fulfill in the 
organism in which the implantation is made. Of particular importance is the 
microscopic nature of the implant surface.

• mechanical properties - a biomaterial, depending on the function that the 
implant must perform in the living organism, must have adequate mechanical 
strength, hardness and reliability.

• in the case of ocular, dermatological and dental applications, biomaterials must 
also have appropriate optical properties.

Figure 7. 
Challenges and future trends for bioactive glasses (BGs)in medicine [34].
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• another important aspect is related to the machinability of the biomaterial, this 
influencing the engineering of the implant itself.

Reliable Coatings with BGs on the mettalic implants are the oldest challenge 
but still researched. Thanks to their excellent mechanical properties and corrosion 
resistance, some metals are used as passive substitutes for the replacement of hard 
tissues (total hip and knee implants), as well as fracture implants (plates and rods), 
column fixing devices, and implantology. Dental. Other metal alloys have more active 
roles in implantology, such as vascular stents, catheter guidewires, orthodontic wires, 
and cochlear implants.

However, the biocompatibility of metal implants creates considerable concerns 
due to the fact that they can corrode in an in vivo environment [6]. Weakening of 
the implant by disintegrating its actual material, respectively the harmful effects of 
the resulting chemical compounds on neighboring tissues and organs are among the 
consequences of corrosion.

Pure metals are less commonly used, their alloys being used more often due to the 
fact that they improve some of their properties, such as corrosion resistance and hard-
ness. Three groups of materials dominate the group of metallic biomaterials: 316 L 
stainless steels, cobalt and pure titanium alloys or titanium alloys.

Every material and class of materials works differently after the implantation, 
like some metals encapsulate fibrous tissue. The great advantage of the coatings on 
bioglass is that is not releasing toxic ions in the human body due to the potential to 
improve the implant stability by bonding it to the host bone and protect the implant 
from corrosion resistance.

The technologies involved for the surface modification of metallic implants with 
bioglass are: thermal spraying, sol–gel, chemical and electrochemical treatment. 
Unfortunately, not all technologies are suitable, some of them show many disadvan-
tages like poor bonding strength between implants and coatings, the induction of 
phase transformation, modifications in the properties of coating or metallic implant, 
or both, and presence of impurities. Table 6 present a synthesis of different glass 
coatings obtained through various methods [57].

Another perspective and future tendince of biomaterials is nanomedicine. 
Nanomedicine can be defined as an application of nanotechnology in the field of 
health in order to maintain and / or improve the health of the population using 
knowledge about the human body at the molecular level, as well as tools / nanoscale 
structures [22].

For this purpose, physical, chemical and biological properties of nanoscale materi-
als are exploited, often new or improved properties, and the resulting nanostructures 
(nanoparticles or nanodevices), having the same size as biological entities, can inter-
act more rapidly at the biomolecular level. on the surface as well as inside the cell [22].

So, in the near future, nanomedicine will seek to provide the tools and devices 
for research and practice, useful in the medical clinic, which could revolutionize the 
current way of thinking (prevention and diagnosis) and action (applied therapies) in 
the medical field.

By using nanoengineering, artificial tissues can be obtained and used to replace 
affected organs (kidneys, liver) or to regenerate nerves or produce implants that 
restore lost senses, such as sight or hearing. A major contribution is expected to 
nanomedicine could be brought about in areas such as: the definition and classifica-
tion of diseases, their diagnosis and treatment, and the improvement of the structure 
and functioning of the human body [22].
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Coating 
material

Substrate Technique Coatings’ characteristics Ref.

Biovetro® Ti6Al4V Atmospheric plasma
spraying (APS)

Surface with wide superficial area of 
microcavities with round grains

[35]

45S5 Pure
Titanium

APS Bonding strength of BG + bond coat 
average 27.18 ± 2.24 MPa, and of BG 
average 8.56 ± 0.57 MPa.

[36]

P1, P2 AISI 316 L APS Microhardness of the coating 
4.7–5.2 GPa; thickness of M1 
389.8 ± 5.4 μm, M2 91.2 ± 8.2 μm, 
M3 262.6 ± 5.4 μm,
and M4 80.8 ± 6.5 μm; adhesion 
strength of M1 2.7 ± 0.5 MPa, M2 
3.7 ± 0.2 MPa, M3 3 ± 0.007 MPa, 
M4 4.4 ± 0.1 MPa

[37]

P0, P2 AISI 316 L
& Ti6Al4V

Flame spraying (FS) Microstructure consists of melted 
particles, pores and both vertical 
and parallel cracks. Thickness 
126–275 μm;
fracture toughness 5–7 MPa/m1/2; 
Vickers hardness 4–5 HV

[38]

45S5 AISI 304 Solution precursor
plasma spraying
(SPPS)

Uniform coating average thickness 
35 μm

[39]

Bio-K Titanium High velocity
suspension flame
spraying HVSFS

Coatings are entirely glassy. Tensile 
adhesion strength without bond 
coat:
BioK-1 7 N/mm2, BioK-2 3.8 N/mm2, 
BioK-3 5 N/mm2, BioK-4 9.8 N/mm2 
BioK-5 8 N/mm2. With bond coat 
BioK-1 4 N/mm2, BioK-2 5 N/mm2,
BioK-3 3 N/mm2, BioK-4 9.8 N/mm2 
BioK-516 N/mm2

[40]

BG-Ca/Mix Grade 2
Titanium

HVSFS and
suspension plasma
spraying (SPS)

HVSFS coating very dense and 
thin. Hardness 396–516 HV; elastic 
modulus 61–95 GPa. Thickness 
20–50 μm. SPS coatings thickness 
50 μm

[41]

BG_Ca/HA 316 L
Stainless
Stell

SPS Coatings compact and with 
continuous thickness with limited 
presence of pore

[42]

BG_Ca glass Ti6Al4V SPS Coatings continuous and 
homogeneous thickness 31–40 μm; 
hardness 34–98 HV; elastic modulus 
16–23 GPa and critical
load 18–21 N

[43]

45S5, Bio K Alumina Enameling 
technique

Bio K completely amorphous, 
45S5 some crystalline phases; both 
compact coatings. Vickers hardness 
157 ± 39 HV, 146 ± 28 HV 45S5

[44]

RKKP, AP40 Zirconia Enameling 
technique

Coatings with good mechanical 
properties and improved 
biocompatibility. ALP activity
1d 3.91 ± 1.15 μm AP40, 
4.69 ± 2.10 μm RKKP. 9.98 ± 0.80 μm 
AP40 and 9.94 ± 2.90 μm RKKP at 5 
and 10 days

[45]
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In recent years, nanotechnology has found countless applications in the medical field, 
in the fields of: pharmaceutical (in targeted drug therapy), regenerative medicine (mak-
ing nano-robots and devices used in cell regeneration), disease prevention, diagnosis 
(including by methods high-performance imaging) and nano-technology-based therapy.

Coating 
material

Substrate Technique Coatings’ characteristics Ref.

BG_Ca, 
BG_Ca/Mix
BG_Ca_K

Ti6Al4V Enameling 
technique

Uniform and well distributed 
coatings. Thickness BG_Ca 108 μm, 
BG_Ca/Mix 113 μm,
BG_Ca_K 121 μm; Vickers hardness 
BG_Ca 232.1 ± 76.8 HV, BG_Ca/
Mix 329.0 ± 81.0 HV, BG_Ca_K 
317.9 ± 48.8 HV

[46]

LY-B0, LY-B1,
LY-B2,
LY-B3, LY-B4,
LY-B5

Ti6Al4V Enameling 
technique

Thickness 90–100 μm; critical strain 
energy release 6.56–14.61 J/m2

[47]

6P61, 6P55 Ti6Al4V Enameling 
technique

Some small pores. Thickness 
86.0 ± 11.5 μm

[48]

Bioglass©, 
6P44-a, 
6P44-b,
6P44-c, 6P53-
a, 6P53-b,
6P55, 6P57, 
6P61, 6P68

Titanium, 
Ti6Al4V,
Vitallium 
©, Co-Cr 
alloy

Sol–gel method Coatings without cracks or 
delamination. Hardness 5.3–6.3 GPa; 
density 2.5–2.7 g/cm3

[49]

57.44CaO-
35.42SiO2-
7.15P2O5 
(mol.%)

CrCoMo 
alloy, 
Ti6Al4V,
AISI 316 L

Sol–gel method Glassy matrix with some defects and 
cracks. Thickness 1.5–3 _μm

[50]

45S5 BCG AZ31 
magnesium 
alloy

Sol–gel method Integrated coatings with some 
asperities. Thickness 1.1 μm

[51]

Ag-BG Titanium Sol–gel method Homogeneous and without macro 
and micro cracks

[52]

45S5 Ti6Al4V Electrophoretic 
deposition (EPD)

Coatings with good adhesion 
without cracks. Rough surface in 
which the initial powder particles 
are still visible.
Thickness 50–250 μm

[53]

Bioglass® NiTi Alloy EPD Homogeneous microstructure 
without cracks or pores with 
uniform topography.
Thickness 5–15 μm

[54]

45S5 Ti6Al4V Pulsed laser 
deposition
(PLD)

Coatings uniform without
microcracks and pores. Thickness
1 μm; surface roughness 6 nm

[55]

T1, T2, T3, T4, 
T5, T6

Titanium Radio-frequency 
magnetron 
sputtering (RF-MS)

Amorphous coatings with some 
crystalline phases. Thickness 
1.8–2.4 μm

[56]

Table 6. 
Summary of bioactive glass coatings on different metallic substrate.
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The future of the field stays in the nanotechnology, being the most effective on 
cell and tissue level, mainly on the integration and regeneration, but also the identi-
fication of effective ways to trigger and control the regenerative process. The “nano-
biomimetic” strategy depends on the following elements: intelligent biomaterials, 
bioactive signaling molecules and cells. Biomaterials are designed to react positively 
to changes in the proximity environment, stimulating specific regenerative events at 
the molecular level, directing cell proliferation and then differentiation, as well as the 
production and organization of the extracellular matrix.

A huge impact will also have the ability to implant cells, intelligent bioactive materi-
als, which trigger the process of self-healing through the patient’s own stem cells [22].

The field of nanotechnologies has established itself in recent years as one of the 
most topical fields, with a sustained pace of development and application and a 
revolutionary impact on industry and society. The global emergence of government 
investment programs in the field of nanotechnology is clear evidence of global inter-
est in this field.

The potential evolutions of the research - development in the field of nanotech-
nologies, in the following years, are the following:

• half of the new materials that will appear will be obtained with the help of nano-
technologies, in sectors such as: electronics, chemical industry, heavy industry, 
pharmaceutical industry and aeronautical industry;

• the development of nanobiosystems science and engineering will allow a better 
understanding of living systems, the development of new solutions in health care 
and better biocompatible materials, the understanding of processes inside the 
cell or nervous system;

• application and integration of nanotechnology in fields of activity such as biol-
ogy, electronics, medicine, etc., fields that include artificial organs, prolonging 
life, creating

• new systems by using biological principles, the laws of physics and the properties 
of different materials;

• tracking biocompatibility when creating new products;

• learning and education, based on nanoscale [22].

• In the future, the rapid development of nanomedicine could also be stimulated 
by better multidisciplinary collaboration between sectors of activity, such as 
industry, scientific research in general and medical research in particular.

7. Conclusions

In conclusion, bioglass is a chemical compound that belongs to a compositional 
family known to have the best bioactivity properties, as demonstrated by the connec-
tion with living tissues in a short time to only a few hours.

It is also known that the generation of artificial bone tissue would be very useful 
in cases of massive fractures. Based on bioactive glass, three-dimensional bioactive 
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matrices have also been developed for tissue regeneration using the deposition of 
human osteoblasts on the 3D matrix for tissue creation in vitro.

The results obtained so far qualify the bioglasses for widespread use in medical 
interventions and the ongoing research currently underway increases the hope of 
success of the intervention and also increases confidence in this material.
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Chapter 9

Surface Modification of Titanium 
Orthodontic Implants
Abdulqadir Rampurawala and Amol Patil

Abstract

Orthodontic miniscrews have had a considerable impact on modern orthodontic 
treatment, not only by providing a new source of anchors for anchorage-demanding 
cases, but also for force management and control. Whilst miniscrews need to be 
mechanically stable during treatment to provide sufficient anchorage and predictable 
force control, as temporary anchorage devices they need also be easy to remove after 
orthodontic treatment. These requirements differentiate orthodontic miniscrews 
from dental implants - which once placed, are not to be removed - and dictate the 
approach as to how their clinical performance can be optimized. Over the past decade, 
various titanium surface modifications and improvements in implant surface topog-
raphy have shown to enhance osseointegration of endosseous dental implants. Some 
of these techniques have helped provide a similar enhancement of the biomechanical 
potential of orthodontic miniscrews as well. In this perspective, we present a brief 
discussion on all such reported techniques followed by a detailed account of the most 
recently proposed ultraviolet photofunctionalization  technique - a novel chair-side 
surface modification method.

Keywords: anchorage, stability, surface modification, osseointegration, biomechanical 
potential, photofunctionalization, miniscrews

1. Introduction

Anchorage control plays an important role in orthodontic treatment. Nevertheless, 
in clinical practice, this was a typically difficult and unpredictable challenge for many 
years. In the 1990s, temporary anchorage devices (TADs) called mini-implants were 
the first implants used to provide absolute and compliance-free intraoral anchorage 
[1]. Subsequently, these implants became smaller in size and are today used as ‘orth-
odontic miniscrews’ (Figure 1). They have the advantages of low cost, simple surgical 
placement, and ease of removal. Miniscrews have, therefore, found applications in 
the treatment of a variety of malocclusions. However, as with any other implanted 
material in the human body, the stability of orthodontic miniscrews is paramount to 
their clinical acceptability. The clinical stability of miniscrews has proven to be excep-
tionally high (Table 1). A few studies have reported success rates higher than 90% 
[2, 3], while others have reported slightly lower success rates [4, 5]. Notwithstanding 
such a high rate of clinical success, various surface modification techniques have been 
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proposed to further enhance the stability of miniscrews, thereby allowing the ortho-
dontist to optimize and expand its clinical use.

2. Surface modification of orthodontic miniscrews

The use of commercially pure titanium or titanium alloy (Ti-6Al-4 V) as an 
implant material has made it possible to predictably secure miniscrews into the max-
illa and/or mandible by facilitating direct bone apposition to the implant surface and 
creating a unique bone-implant interface. This process is termed as “osseointegration” 
[6]. It is this intimate relationship between living bone and the titanium miniscrew 
surface that is responsible for its high degree of stability. Various surface treatments 
of titanium implants have been known to modify both the surface composition as 
well as its topography, thereby increasing the implant surface roughness and area, 
which might lead to enhanced bone-screw contact (BSC) [7–12]. Surface modifica-
tion also enhances the interactions with biological fluids and cells, and thereby 
accelerates peri-implant bone healing as well as improves osseointegration at sites 
that lack sufficient quantity and/or quality of bone [7, 11–14]. Evaluation of BSC and 
removal torque (RT) can, therefore, be used as reliable measures of osseointegration 
of implants [4]. The improved osseointegration by surface modification is a charac-
teristic exhibited by all titanium surfaces and hence, it applies equally to titanium 
orthodontic miniscrews [15].

Figure 1. 
Miniscrews used as temporary anchorage devices (TADs) in fixed orthodontic treatment of malocclusions (black 
arrows).

Study Result

Antoszewska et al. (2009) [2] Success rate of 93.43%

Park et al. (2006) [3] Success rate of 91.6%

Papageorgiou et al. (2012) [4] Failure rate of 13.5%

Alharbi et al. (2018) [5] Failure rate of was 13.5%

Table 1. 
Clinical stability of orthodontic miniscrews.
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 Since the advent of titanium dental implants as prosthetic tooth replacements in the 
1990s and titanium mini-plates and miniscrews as skeletal anchorage devices later in the 
same decade, a considerable amount of research has been done on surface treatments 
and modifications of these titanium devices. Broadly, these surface modifications can 
be categorized as either subtractive or additive methods (  Figure 2  ). The subtractive 
methods are machining/turning, sandblasting, acid-etching, sandblasting (large-grit) 
combined with acid-etching (SLA), dual acid-etching and laser treatment. The addi-
tive methods are anodization (also known as anodic oxidization), fluoride surface 
treatment, plasma spraying (titanium or hydroxyapatite), sol–gel coating, sputter 
deposition, electrophoretic deposition, biomimetic precipitation (Ca-P) and most 
recently, nanoscale modifications with or without drug incorporation [ 16 ,  17 ]. Many 
of these techniques have been used to augment the biomechanical potential of orth-
odontic miniscrews and have proven to be experimentally as well as clinically effective. 
Following is an account of all the surface modification techniques that have been used to 
enhance the biomechanical potential of orthodontic miniscrews.  

  2.1 Sandblasting, large-grit, acid-etching 

 One of the earliest methods for surface treatment that was introduced, and one 
that has stood the test of time, is sandblasting with or without acid-etching. In this 
technique, alumina (Al 2 O 3 ) particles at high pressures are blasted onto the implant 
surface, after which it may be treated with acidic solutions. The alumina particles are 
essentially large-grit particles with sizes ranging from approximately 250–500 μm, 
and the solutions used are highly concentrated acids like hydrochloric acid (HCl), 
nitric acid (HNO 3 ) and sulfuric acid (H 2 SO 4 ). This process creates the desired rough-
ness on the implant surface. The application of sandblasting using large-grit alumina 
particles followed by acid-etching is collective known as the SLA method (  Figure 3  ). 
Wehrbein et al. was one of the first to study the effects of SLA surface treatment on 
orthodontic implants in humans. Histomorphometric findings revealed that the SLA 
technique was able to achieve up to 70–80% of BSC, which was remarkably high [ 18 ].  

 Animal studies have routinely been carried out in this regard and have shown 
successful results. Various experimental studies conducted in rabbit tibiae and 

  Figure 2.
  Different types of surface modification techniques available for orthodontic miniscrews.          
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femurs that have compared smooth (machined or untreated) and SLA miniscrews 
have reported greater RT values and BSC in the surface treated miniscrews [19–22]. 
These results are suggestive of higher miniscrew stability especially in the early 
stages of healing thereby allowing immediate/early loading, and of an enhanced 
biological response due to increased osseointegration potential. Chang et al. com-
pared conventional smooth miniscrews with SLA as well as alkaline-etched (SL/
NaOH) miniscrews in rabbit tibiae and found that both SLA and SL/NaOH groups 
had greater RT and BSC values than the conventional group [15]. However, as per a 
scanning electron microscope (SEM) analysis, the SLA surface showed roughness 
at two levels: (i) small micro-pits produced by the acid-etching procedure and (ii) 
microscopic pits superimposed on a sandblasted macro-rough texture, whereas the 
SL/NaOH surface showed only macroscopic surface properties. This indicates that 
alkaline-etching might not be as effective as acid-etching for surface treatment of 
miniscrews. Sirisa-Ard et al. reported that despite an increase in BSC values of SLA 
miniscrews over 8 weeks of healing in New Zealand rabbits, there was no significant 
increase of RT values as compared to machined miniscrews over a similar period, 
suggesting that SLA surface preparation did not have any added benefit in enhancing 
miniscrew stability [23].

Similar comparative studies between SLA and machined miniscrews have 
been carried out in other animals such as beagle, foxhound and mongrel dogs. 
Histomorphometric and micro-computed tomographic (micro-CT) analyses from 
those studies have revealed greater BSC values with SLA miniscrews indicating their 
increased osseointegration potential [24, 25]. Some studies have also reported vari-
able torque values for SLA miniscrews at both insertion and removal, essentially 
indicating equal or improved stability when compared to machined miniscrews [25, 
26]. Kim et al. used a digital device to measure the total energy at removal of minis-
crews and found that the SLA group had greater values, thus indicating an enhanced 
biomechanical potential [26]. On the contrary, a similar torque analysis by Vilani et al.

concluded that since there was no significant difference between mobility and 
insertion torque (IT) or RT of the SLA and machined miniscrew groups, their stabil-
ity was nearly comparable [27].

Figure 3. 
Miniscrew surface modified with large-grit sand-blasting and acid-etching (SLA) (Taken from: Yadav  
et al. [20].)
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The aforementioned positive effects of SLA surface treatment have been validated 
by a few in vivo studies on humans as well. Schätzle et al. compared the stability of 
standard SLA treated palatal implants with those modified by rinsing under nitride 
(N2) protection following SLA treatment to enhance their wettability [28]. Resonance 
frequency analysis (RFA) at various time points over a period of 12 weeks showed 
that the implant stability quotient (ISQ ) for both groups was similar at the begin-
ning but gradually increased significantly for the experimental group by the end 
of the study period. This suggests that chemical modification of SLA miniscrews 
can positively influence their biologic potential and decrease healing time. While 
most of the research has been focused on evaluating BSC and individual implant 
stability, some authors have also reported the effect of SLA surface modification on 
the anchorage ability of miniscrews under orthodontic loads. Calderón et al. used a 
method of angular measurements on occlusal radiographs for evaluation of positional 
mini-implant stability and subsequently confirmed those readings on a cone-beam 
computed tomography (CBCT) occlusal view of just one patient from the study group 
[29]. As per their calculations, 65% mini-implants showed a ≤ 1degree shift, whereas 
35% mini-implants showed a ≥ 2 degree shift. Kim et al. conducted a comprehensive 
3-dimensional CBCT analysis of SLA treated mini-implants inserted in the posterior 
maxillary buccal alveolar region and found that there was no significant change in 
implant position over 9 months of en-masse retraction [30]. Both of these studies 
indicate that SLA modification of miniscrews may provide stable and stationary 
anchorage for orthodontic considerations. However, a couple of studies have reported 
that despite their relatively greater success rates and better IT values, SLA miniscrews 
do not have any significant advantage over conventional machined miniscrews in 
terms of initial stability or overall success [31, 32].

Results from clinical studies hold greater value if they are supplemented by similar 
proofs from experiments carried out at cellular and/or molecular levels, and vice-
versa. In an in vitro study, Proff et al. compared three groups: airflow treated, SLA 
treated and machined miniscrews, incubated in a fibroblast cell culture [33]. Using 
the AlamarBlue assay and fluorescence microscopy, they reported a slight reduction in 
metabolic cell activity after 24 hours in the airflow group but fibroblast survival and 
rate of cell proliferation were identical in all the three groups. In an ex vivo study of 
the peri-implant tissue surrounding SLA miniscrews obtained from beagle dogs after 
1 and 4 weeks of healing, Nahm et al. carried out gene profiling analyses to reveal that 
genes encoding extracellular matrix (ECM) constituents were upregulated at the early 
stage of healing and that genes associated with bone mineralization, ossification, 
stem-cell fate regulation were upregulated at the later stage of healing [34]. Kim et al. 
attempted to study the chemical integration mechanism between human bone and 
titanium miniscrew surfaces at a nanoscale level [35]. A single SLA treated minis-
crew was analyzed after 2 months of healing. High-resolution transmission electron 
microscopy (TEM) and energy dispersive X-ray spectroscopy (EDS) showed evidence 
of crystalline hydroxyapatite and intermixing of bone with the oxide layer of the 
miniscrew surface. Scanning TEM (STEM) and electron energy loss spectroscopy 
(EELS) revealed that carbon existed in polysaccharides, calcium and phosphorus 
existed as tricalcium phosphate (TCP), and titanium existed in its oxidized form, all 
rather interesting results. Additionally, the oxygen energy loss near edge structures 
(ELNESs) showed a possibility of the presence of CaTiO3. The possible existence of 
the osseohybridization area and the form of the carbon suggests that osseointegration 
is not purely a mechanical bone-implant interaction and therefore, reconsideration of 
the standard definition of osseointegration is necessary. In a most recent study on this 
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topic, Kim et al. studied the molecular surface interaction of a titanium mini-implant 
(SLA treated) retrieved from a patient after 2 months of healing [36]. Layer profiling 
using atom probe tomography (APT) showed high concentrations of calcium (Ca) 
and phosphorus (P) in the bone, titanium oxide (TiO) in the interface, and titanium 
(Ti) in the implant. Such a nanoscale resolution showing atom-sharing zones at the 
implant-bone interface provides valuable insight into the process of osseointegration.

It is evident by now that SLA modification of the orthodontic miniscrew surface 
has some kind of positive biomechanical advantage over conventional machined 
miniscrews. One would think that this intimate bone-implant relationship comes at 
a cost of tissue damage to the surrounding bone while retrieval of miniscrews at the 
end of the treatment period. Studies have shown that despite SLA treated miniscrews 
having greater BSC and RT values on removal, there was no reported bone fracture 
or tissue destruction during unscrewing [30, 46]. Kim et al. recommended a non-
loading period of fewer than 6 months before removal for optimal bone health and 
post-operative healing [37].

2.2 Microgrooving

Machining/turning is one of the most basic and simplest forms of implant surface 
treatment. In actuality, it is an essential part of the manufacturing process that gives 
shape to the cutting surface and determines the pitch of the screw, which in turn 
affects the cutting capacity and biomechanical properties of the implant (Figure 4). 
Kim et al. extended this concept of surface turning to a micro-scale level and prepared 
miniscrews with microgrooves (50 μm pitch, 10 μm depth) on 300 μm of the upper 
cutting surface [38]. This experimental group (MG) was compared against conven-
tional non-microgroove (NMG) miniscrews in beagle dogs after 16 weeks of orth-
odontic loading. Histomorphometry revealed higher BSC values on the pressure side 
of the MG group. Further histological analysis showed that gingival connective tissue 

Figure 4. 
Microgrooving technique of surface modification. The microgroove shown here is 50 μm pitch and 10 μm depth in 
300 μm on the surface. (Taken from: Kim et al. [38].)
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fibers (GCTF) in the MG group were oriented perpendicular to the miniscrew surface 
whereas in the NMG group they were parallel. Additionally, fluorescent microscopy 
showed more bone remodeling on the pressure sides in both groups as compared to the 
tension sides. This suggests that addition of microgrooves could exert some positive 
effects on the soft tissue adaptation and bone healing around orthodontic miniscrews.

2.3 Anodic oxidization

Another type of surface treatment reported in the past is anodic oxidization 
of titanium implants [39]. It is an electrochemical process wherein an oxide film 
is produced on a metallic substrate. Anodic oxidization of titanium orthodontic 
miniscrews produces a titanium dioxide (TiO2) layer on the implant surface with 
a thickness ranging from 10 to 25 μm increasing from the neck of the implant to 
the apex (Figure 5). Ivanoff et al. conducted some of the first clinical studies to 
evaluate the effects of anodic oxidization on micro-implant osseointegration [40, 
41]. With the help of an optical confocal laser profilometer and histomorphometric 
analysis, they showed that anodized micro-implants had an increased surface 
roughness and BSC value as compared to machined micro-implants. Omar et al. 
investigated the gene expression and cellular reaction around machined and anod-
ized miniscrews in rabbit tibiae at 1, 3 and 6 days [42]. The quantitative polymerase 
chain reaction (qPCR) and immunohistochemistry results concluded that (i) the 
rapid recruitment of mesenchymal cells, (ii) the rapid triggering of gene expression 
crucial for bone remodeling and (iii) the transient nature of inflammation, prob-
ably constitute the biological mechanisms for osseointegration and high implant 
stability associated with anodically oxidized miniscrews. Karmarker et al. reported 
higher RT values for anodized miniscrews indicating their improved stability [43]. 
Choi et al. carefully studied the changes in surface roughness and characteristics of 
anodically oxidized miniscrews [44, 45]. Atomic force microscopy (AFM) revealed 
that anodized miniscrews had nanotubular open pores and increased roughness 
on the middle thread edges. Nonetheless, there were no differences in IT or RT 

Figure 5. 
Surface modification by anodic oxidization. (A) Machined surface miniscrew; (B) Anodic oxidized miniscrew. 
(Taken from: Choi et al. [44].)
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values as well as BSC values of anodized miniscrews when compared to machined 
miniscrews. Conflicting results from the aforementioned studies suggest that the 
role of anodic oxidization in enhancing the biomechanical stability of orthodontic 
miniscrews might yet be questionable.

2.4 Plasma ion implantation

Attempts by some researchers to improve the corrosion and wear resistance of 
titanium implants have led to the development of a surface modification technique 
known as plasma ion implantation. In this technique, the surface of orthodontic mini-
screws is coated with a thin film of titanium nitride (TiN) and/or zirconium nitride 
(ZrN) which acts as a protective layer (Figure 6). Kim et al. studied the mechanical 
and electrochemical changes on the surface of plasma ion implanted miniscrews [46]. 
Field emission SEM (FE-SEM) and EDS analysis showed that when compared to non-
coated miniscrews, the TiN and ZrN coated miniscrews had a smoother surface owing 
to a decrease in the number of machined defects. Electrochemical tests revealed that 
coated miniscrews had a reduced corrosion current density. Later, on comparing the 
biologic stability of plasma ion implanted and SLA miniscrews in beagle dogs after a 
loading period of 3 and 12 weeks, Cho et al. concluded that since there was no differ-
ence in BSC, bone volume ratio or the number of osteoblasts around the miniscrews 
in both groups, they had similar biologic characteristics [47].

2.5 Resorbable blasting media

The previously described method of SLA surface modification of miniscrews 
consisted of sandblasting with alumina (Al2O3) particles. These particles do not resorb 
in vivo and therefore, are non-resorbable blasting media. However, sandblasting of 
implant surfaces with resorbable blasting media (RBM) such as hydroxyapatite or 
calcium phosphate particles has also been reported recently [48]. In an in vitro compara-
tive evaluation of the physical characteristics of machined, acid-etched, RBM treated 
and hybrid (machined + acid-etched) orthodontic mini-implants, Kim et al. reported 

Figure 6. 
Surface modification with plasma ion-implantation (A) and SLA treated miniscrew (B). (Taken from:  
Cho et al. [47].)



155

Surface Modification of Titanium Orthodontic Implants
DOI: http://dx.doi.org/10.5772/intechopen.100038

that all the surface treated groups had higher IT values, and the RBM and hybrid groups 
showed significantly higher surface roughness values [49]. In vivo studies on rabbit tibiae 
have also shown effective results. Gansukh et al. verified previous findings by reporting 
that after 4 weeks of healing, there was no difference in the IT, RT, and BSC values of 
machined and RBM treated mini-implants [50]. However, histomorphometric analysis 
showed an increased bone-area (BA) in the RBM group. In a similar study by Kim et al., 
the hybrid group consisted of partially RBM treated mini-implants i.e. lower 1/3rd of the 
cutting edge was left untreated [51]. Out of the four groups, the hybrid group showed the 
least reduction in bone cutting capacity, highest RT values at 4 and 8 weeks of healing, 
and the highest amount of tissue remnants on the mini-implant surface. Analysis by 
EDS showed that calcium and phosphorus were present only on the surface of the hybrid 
group implants, suggesting that partial RBM surface treatment was perhaps the most 
clinically effective one. All of these studies conclude that surface treatment of orthodon-
tic mini-implants with RBM may provide good initial stability and has the potential to 
enhance osseointegration without negatively affecting their bone cutting capacity.

2.6 Nanoscale modifications

One of the latest techniques for surface modification of dental alloys and implants 
is their nanoscale modification. This involves the formation of nanotubular arrays 
mainly by anodization of the surface under specific voltages in various electrochemi-
cal solutions (Figure 7). Oh et al. combined multiple methods of surface treatment 
and studied its effect on the stability and osseointegration potential of orthodontic 
miniscrews in rat tibia [52]. This unique method involved anodization (TiO2 nanotu-
bular arrays) and cyclic pre-calcification (biomimetic Ca-P coating) of miniscrews 
followed by heat treatment. This method was called APH treatment. Results from 
mechanical torque testing and histological and SEM/EDS analysis showed that 
APH treated miniscrews had higher RT and BSC values after both 3 and 6 weeks of 
healing. Early deposition of densely mineralized bone around APH treated minis-
crews was observed, implying good bonding to the treated surface. Jang et al. closely 
studied the effects of isolated nanoscale modifications on miniscrew biomechanical 
properties in rabbits [53]. Nanotubular arrays of TiO2 (70 nm diameter, 5 μm length) 
were produced using a two-step anodization process. When compared to machined 
miniscrews, the experimental group showed higher BSC and bone-volume-ratio 
(BVR) values on histomorphometric and micro-CT analysis. Nanotubular arrays 
have also been used as drug-delivery systems to enhance the biologic potential of 
miniscrews. In a similar evaluation, Cha et al. used tunnel miniscrews with and 
without recombinant human bone morphogenetic protein – 2 (rhBMP-2) loaded 

Figure 7. 
SEM images of Ti6Al4V miniscrews: (A) untreated, and (B,C) nanotubes formed on the surface; (B) top and (C) 
cross-sectional views. (Taken from: Oh et al. [52].)
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onto them and compared them against conventional machined miniscrews [54]. 
After 8 weeks of healing, BSC, BVR and bone-surface-ratio (BSR) values of tunnel 
miniscrews with nanotube arrays were considerably higher than machined minis-
crews. The rhBMP-2-loaded miniscrews showed a slightly greater osseointegration 
potential than the non-loaded miniscrews. Jang et al. further studied the effects of 
drug-loaded nanotube arrays by comparing rhBMP-2-loaded and Ibuprofen-loaded 
miniscrews along with a machined and non-loaded nanotube array miniscrew 
group [55]. After 8 weeks of healing, the highest BSC values were recorded for the 
Ibuprofen-loaded miniscrews followed by the non-loaded, machined and rhBMP-
2-loaded groups. In spite of their limited scope, these studies clearly suggest that 
nanoscale surface modifications of orthodontic miniscrews increase their biologic 
potential and the same nanotubular structures can also be used as drug-delivery 
systems to further enhance their osseointegration potential.

3. Ultraviolet photofunctionalization

Ultraviolet (UV) - mediated photofunctionalization is a method of surface 
modification for titanium that alters its physiochemical properties and enhances its 
biologic capability. It is characterized by remarkable efficacy, unique mechanisms, 
and a simple delivery method [56]. The effectiveness of UV treatment  
has been proven for all surface topographies tested. One of its unique features that 
set it apart from previously discussed surface modification techniques is that it 
does not alter the existing topography, roughness, or other morphologic features 
of miniscrews and is therefore categorized as neither an additive nor a subtrac-
tive method.

3.1 Physiochemical properties

For a very long time, it was assumed that the biologic properties of implant 
surfaces remained stable over time. It was later noted that over time, these surfaces 
underwent biologic degradation even when kept sterilized under optimal storage 
conditions. This is known as the time-dependent biologic degradation or biological 
aging of implant surfaces [57]. UV photofunctionalization affects these physiochemi-
cal changes via three key surface properties: i) the generation of superhydrophilicity; 
ii) a significant reduction of surface carbon, which unavoidably and unexceptionally 
accumulates on titanium surfaces; and iii) electrostatic conversion of surface charge 
from negative to positive.

3.1.1 Hydrophilic conversion

Titanium surfaces that have been sufficiently aged (i.e., more than 1 month after 
surface preparation) are hydrophobic; that is, the contact angle of water is greater 
than 60 degrees and close to or above 90 degrees on most surface types. Such a 
hydrophobic nature is common to all surface topographies of titanium and has been 
reported extensively [58, 59]. Water dropped on these surfaces does not spread and 
stays in a hemispherical form. Very intriguingly, after treatment with UV light, 
these titanium surfaces become remarkably wettable to water, with a contact angle 
of 0 degrees, which is referred to as being superhydrophilic (Figures 8 and 9) [56, 
58, 59–63]. The superhydrophilic surfaces were obtained after UV treatment at 
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an intensity of 0.1 mW/cm2 (λ = 360 ± 20 nm) and 2 mW/cm2 (λ = 250 ± 20 nm) 
for varying durations of time ranging from as little as 20 minutes to as much as 
48 hours.    

  3.1.2 Carbon reduction 

 Another notable change affected by UV modification is seen in the chemical 
composition of implant materials. Titanium surfaces, which become titanium 
dioxide surfaces as soon as they are exposed to the atmosphere, are covered by 
carbon-containing molecules to a significant degree because of the unavoidable 
constant accumulation of carbonyl moiety, particularly hydrocarbons, from the 
atmosphere and surrounding environment during surface preparation and stor-
age [ 56 ,  57 ]. Similarly, presently used titanium implants are also contaminated 
with hydrocarbons. The amount of carbon varies depending upon the age of 
the surface. X-ray photoelectron spectroscopy (XPS) studies have revealed that 
the atomic percentage of carbon increases from 20% up to 60% after 4 weeks 
of aging. UV photofunctionalization of these surfaces reduces the atomic car-
bon percentage to 20–35% depending on the wavelength of UV light used [ 58 ]. 
Thus, photofunctionalization of titanium has proven to be effective in reducing 
the atomic percentage of carbon, thereby cleaning such carbon-contaminated 
 surfaces [ 56 ,  57 ,  60 – 62 ,  64 – 66 ].  

  Figure 9.
  Hydrophilic conversion by photofunctionalization: (A) miniscrew; (B) untreated miniscrew with 2 drops (1 μL 
each); (C) photofunctionalized miniscrew with 2 drops (Taken from: Tabuchi et al. [ 103 ].)          

  Figure 8.
  (A) Untreated titanium surface showing lack of droplet spread. (B) UV-treated titanium surface showing 
complete spread of water droplet. (Taken from: Rampurawala et al. [ 105 ].)          
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3.1.3 Electrostatic conversion

At an ionic level, ordinary titanium surfaces, viz. titanium surfaces without 
UV treatment, require inorganic bridges for protein adsorption and cell surface 
interaction, thus making titanium a bioinert material. In contrast, UV-treated 
titanium enables a direct cell-surface protein-titanium interaction without the aid 
of any inorganic bridges, thereby converting it into a bioactive surface (Figure 10). 
Albumin adsorption examined under different electrostatic environments revealed 
that adsorption on UV-treated surfaces at pH 7.0 was considerably greater than that 
on untreated surfaces (6-fold after 3 hrs of incubation and 2.5-fold after 24 hrs). 
Albumin adsorption on untreated control titanium surfaces increased after treating 
these surfaces with divalent cations but not after treating them with monovalent 
cations [66]. These findings suggest that the distinctly induced electropositive charge 
on UV-photofunctionalized titanium surfaces was responsible for the substantially 
increased efficiency of and capacity for protein adsorption on these titanium surfaces. 
Conversely, UV-enhanced cell adhesion was eliminated when the UV-treated titanium 
surfaces were electrostatically neutralized by either removing the electric charge or 
masking with monovalent anions, while the surfaces maintained their superhydrophi-
licity [67]. This unique electrostatic status of UV-treated titanium surfaces serves as 
a chemo-attractant for proteins, superseding the effect of the hydrophilic status, and 
may, therefore, be a critical regulatory factor in determining its subsequent bioactivity.

3.2 In vitro effects

The in vitro effects of UV-treated titanium have been studied extensively. A major-
ity of these studies have been aimed at the discovery and explanation of the interac-
tion between living cells and implant material after UV treatment. The key findings 
of these studies are that UV photofunctionalization leads to: i) increased protein 
adsorption, ii) increased osteogenic cell attachment and facilitated cell spread, iii) 
increased retention of cells, iv) increased cell proliferation, and v) enhanced osteo-
blastic differentiation.

The affinity between biomaterials and cells is determined initially by the interac-
tion between cells as well as proteins adsorbed on material surfaces. Protein adsorption 
to titanium implant surfaces plays a crucial role in cell attachment and subsequently 
regulates the spread, proliferation, and other cell functions [56, 60, 63, 66, 68–70]. 
UV-mediated enhancement of protein adsorption has been reported with different 
surface topographies of titanium as well as with different proteins. The amount of 
albumin and fibronectin adsorbed to titanium surfaces after 3 to 6 hrs of incubation was 
6-fold greater for UV-treated surfaces in the initial few hours and remained up to 3-fold 
greater after 24 hrs [56, 66]. Iwasa et al. reported that the protein adsorption levels on 
the UV-treated 4-week-old titanium surface were equivalent to that on the new surfaces 
after 3 and 24 hrs of incubation [63]. Qin et al. reported that UV photofunctionalization 
increased adsorption of fibrinogen along with albumin but had no influence on competi-
tion between the two proteins [68]. Even though most studies have reported increased 
protein adsorption following UV treatment, Areid et al. found no qualitative differences 
in protein adsorption between UV and non-UV treated surfaces, but found that platelet 
adhesion was increased after UV treatment and that might suggest UV-enhanced throm-
bogenicity of nanostructured titanium [70].

Various behaviors and responses of osteogenic/osteoblastic cells have been com-
pared in cultures on UV-treated and untreated titanium surfaces. Osteogenic cell 
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Figure 10. 
Schematic description of the proposed mechanism of electrostatic interactions underlying the 
UV-photofunctionalization of titanium dioxide surfaces: UV-mediated conversion of titanium surfaces from 
bioinert to bioactive. (A) Hypothetical electric status of untreated and UV-treated TiO2 surfaces. As known and 
understood, ordinary TiO2 surfaces are electronegative, whereas UV-treated TiO2 surfaces are electropositively 
charged because of exited electrons from valence bands to conduction bands. (B) Electrostatic interaction of TiO2 
surfaces with ions, proteins and cells. The untreated titanium surface (left) largely involves cell-inert terminals 
consisting of competitive binding of monovalent cations to negatively charged TiO2 surface. When cations are 
insufficient, this titanium surface remains electronegative and protein- and cell-repellent. The surface attracts 
proteins and cells only with an aid of divalent cations, such as Ca2+. In contrast, the UV-treated titanium surface 
(right) is full of cell-attracting terminals consisting of the RGD sequence of proteins or positively charged TiO2 
surface, which serve as direct chemo-attractants to cells without divalent cations such as Ca2+. Proteins, that are 
negatively charged, adsorb directly to the positively charged the TiO2 surface. Cells, that are negatively charged, 
also attach directly to the positively charged the TiO2 surface. (C) A distinct interfacial layer formation at 
UV-photofunctionalized titanium surfaces. Based on the mechanisms in panel B, UV-induced bioactive titanium 
surfaces enable direct titanium–cell interaction, as opposed to untreated titanium surfaces that are bioinert and 
require inorganic and biological bridges for cell attachment and adhesion. (Taken from: Iwasa et al. [67].)
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attachment and spread is one such behavior that may indicate the responsiveness of 
implant materials towards UV pre-treatment. Different surface topographies, including 
but not limited to acid-etched, sandblasted, machined, and nano-featured surfaces, 
have been investigated [56, 57, 59, 60, 63, 67, 69, 71–76]. The number of osteoblasts 
attached to UV-treated surfaces was reported to be 3 to 5-fold higher after 3 hrs of 
incubation, and 2 to 3-fold higher after 24 hrs of incubation [56, 67, 74]. It is evident 
from these studies that UV photofunctionalization increases the capacity of osteoblastic 
cells to attach to and spread along titanium surfaces (Figure 11).

The degree and nature of osteogenic cell settlement on implant surfaces is impor-
tant. For instance, lack of adequate attachment and spread of osteogenic cells fails 
to induce their functional phenotypes or even their differentiation [69, 71]. Further, 
considering that implant materials are subjected to functional loading which causes 
mechanical stress and friction at the interface, the initial settlement and retention 
of osteogenic cells is crucial. Iwasa et al. studied the retentive capacity of osteoblasts 
cultured on titanium surfaces for 3 and 24 hrs [67]. Cell detachment was attempted 
mechanically by vibrational force and enzymatically by trypsin treatment. Retention 
of the cells, as evaluated by the percentage of cells remaining after the detachment 
procedures, was substantially enhanced on UV-treated titanium surfaces compared to 
untreated surfaces (110–120% greater for cells incubated for 3 hrs and 50–60% greater 
for cells incubated for 24 hrs). Miyauchi et al. and Yamada et al. used a special bio-
mechanical setup monitored under phase-contrast microscopy to assess the retention 
capacity of cultured osteoblasts [73, 77]. Their results showed that after incubation 

Figure 11. 
Initial morphologies of the MG-63 osteoblasts on the titanium surface. (3000X, bar = 10 mm) SEM images of 
cells on the micro-arc oxidized (MAO), UVA-treated and UVC-treated surfaces after (A–C) 1 h and (D–F) 4 h 
incubation; (400X, bar = 50 mm) Fluorescence microscopy images of cells on the MAO, UVA-treated and UVC-
treated surfaces after (G–I) 24 h incubation. (Taken from: Gao et al. [60].)
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of 3 hrs, the mean critical shear force required to initiate detachment of a single 
osteoblast and the total energy required to complete the detachment was much greater 
for UV-treated TiO2 surfaces as compared to untreated surfaces. Such substantial 
increases in single-cell adhesion were also observed for osteoblasts cultured for 24 hrs.

Cell retention and adhesion can also be assessed by studying the cytoskeletal struc-
ture and proteins on the osteoblasts. It was observed by Iwasa et al. that during the initial 
stage of cell culture, osteoblasts on UV-treated surfaces were larger, with elongated cyto-
plasmic projections (filopodia and lamellipodia) and increased formation of cytoskel-
eton [67]. Vinculin, a focal adhesion protein involved in cell linkage serving a key role 
in initiating and establishing cell adhesion, has also been used to evaluate cell retention 
capacity. Studies using image-based densitometry as well as western blot test revealed 
that the extent of vinculin expression in an individual osteoblast was substantially higher 
on UV-treated surfaces than on untreated surfaces after incubation with rat-derived 
osteoblasts (up to 5-fold higher at 3 hrs and 2.5-fold higher at 24 hrs). However, the 
increased vinculin expression was observed only when standardized with the total pro-
tein and not when standardized with the cell area [63, 67, 69, 73, 77]. Iwasa et al. found 
that expression of other focal adhesion proteins such as paxillin and phosphorylated 
paxillin was higher on UV-treated surfaces [63]. Thus, the increased retention of the cells 
may be caused by the expedited and efficient settlement as well as reinforced adhesion of 
cells on UV-treated titanium surfaces.

The proliferation and differentiation of osteogenic cells determine the amount and 
speed of bone formation, respectively. The rate of proliferation of osteoblasts evalu-
ated by BrdU incorporation assay, which targets the S phase of the cell cycle, has been 
reported to increase by up to 50–80% after UV-treatment of titanium [71]. The rate of 
osteogenic differentiation can be examined using multiple assays for various biologic 
markers. Alkaline phosphatase activity, calcium ion deposition, expression of collagen I, 
osteopontin, osteocalcin, and expression of other osteoblastic genes are some parameters 
which have been consistently evaluated on UV-treated titanium surfaces [67, 71, 72, 
77]. Cell mineralization assays have reported increased alkaline phosphatase activity 
as well as increased calcium ion deposition for all UV-treated surfaces with different 
topographies. Studies with RT-PCR analysis showed an upregulation of the expression 
of collagen I, osteopontin and osteocalcin by up to 70%. As much as adhesion behavior 
varies with surface properties of implant materials, it is also regulated by the Rho-family 
GTPase enzymes. These enzymes are controlled by the Rac, Rho and Cdc42 genes. 
Gene expression analysis by Iwasa et al. revealed that for UV-treated titanium surfaces 
cultured with rat-derived osteoblasts, expression of Rac was upregulated by 1.5-fold 
after 3 hrs and 1.7-fold after 24 hrs of incubation, expression of Cdc42 was upregulated 
by 2-fold after 3 hrs and 1.5-fold after 24 hrs, but expression of Rho was not altered 
significantly [63]. Harder et al. studied the changes in pro-inflammatory gene expression 
in human whole blood after initial contact with UV-conditioned implant surfaces and 
found that there was suppression of IL-1β expression whereas there was no change in 
TNF-α expression [78]. All of the above in vitro studies have been confirmed with both 
animal and human-derived osteoblasts, as well as periosteum-derived osteogenic cells 
[63, 67, 68].

Microbial attachment on implant surfaces, especially at the implant-tissue inter-
face is the primary cause of peri-implant inflammation and subsequent implant 
failure. UV photofunctionalization has been shown to have a considerable effect on 
bacterial accumulation around implants. The UV-induced physiochemical changes 
in titanium surfaces were reported to be responsible for the reduced bacterial attach-
ment and biofilm formation. Yamada et al. reported via fluorescence microscopic 
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quantification that attachment of bacterial pathogens such as Staphylococcus aureus 
or Streptococcus pyogenes on titanium surfaces (irrespective of their topography) 
was reduced following UV treatment [61]. Denaturing gradient gel-electrophoresis 
(DGGE) and DNA sequencing analyses by de Avila et al. revealed that while bacterial 
community profiles appeared different between UV-treated and untreated titanium 
in the initial attachment phase, this difference vanished as biofilm formation pro-
gressed [79]. Jain et al. reported that despite the reductive effect of UV pre-irradiation 
on bacterial attachment, cell viability was not affected adversely as 50% of bacterial 
killing capacity was maintained [80]. This suggests that UV-photofunctionalization 
of titanium has a strong potential to improve the outcome of implant placement by 
creating and maintaining antimicrobial surfaces.

A few authors sought to explain the effect of implant photofunctionalization from a 
technical perspective. Ohyama et al. carried out finite element analyses to understand 
how the photofunctionalization-led increase in BSC affected the peri-implant mechani-
cal stress distribution. They reported that the simulated increase in BSC from 53–98% 
improved distribution and diffusion of peri-implant stress more effectively than using 
longer implants [81]. Another such study by Ohyama et al. concluded that under vertical 
loading, photofunctionalization had a greater effect than increased implant diameter 
on stress reduction [82]. Thus, UV treatment of implants may potentially reduce peri-
implant stress and counteract the stress-induced marginal bone loss.

3.3 In vivo effects

It is important to correlate the results from in vitro studies with the results of in 
vivo studies to help understand and validate the biologic processes and mechanisms 
behind them. In vivo establishment of implant fixation in bone is a pertinent variable 
that reflects the clinical capacity of implants to bear loading. There has been extensive 
documentation regarding the strength of osseointegration and implant stability as 
determined by the histomorphometric assessment of BSC, biomechanical testing, and 
ISQ measurements.

Photofunctionalization substantially increases the strength of bone-implant integra-
tion by enabling near-complete coverage of bone around the implant. Various studies have 
reported the degree of osseointegration as evaluated by micro-CT, SEM and EDS analyses 
to be considerably higher when implants were pre-treated with UV light [56, 64, 71, 72, 
83–85]. Pyo et al. evaluated the bone-implant interface of UV-treated implants using static 
and dynamic histological techniques, and when compared to UV-untreated implants, 
they reported an intensive mineralized layer in marginal bone which improved marginal 
bone seal and support, and expedited robust interfacial bone deposition (Figure 12) [83]. 
Studies have also shown that new bone formation occurs extensively around UV-treated 
implants, with little intervention by soft tissue (less than 1%), while the bone tissues 
around untreated implants are fragmentary and localized with intervening soft tissue (up 
to 21%) [71]. Yamazaki et al. reported increased peri-implant bone volume (1.5–2 fold) 
after UV treatment at the early and late stages without deterioration of bone mineral den-
sity [84]. In addition to bone volume studies, Hirota et al. used EDS mapping to determine 
the mineral content of new bone. Their results showed elemental peaks of calcium and 
phosphorus on various parts of UV-treated implants but the treated, as well as untreated 
implants, comprised the same Ca/P ratio, indicating bone tissue. However, the Ca/Ti 
ratios of the UV-treated implant surfaces were approximately 20 times greater than those 
of the control group (Figure 13) [72]. It is noteworthy that UV photofunctionalization 
maintains its advantage during later stages of healing, unlike other surface modification 
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techniques which are effective only initially, indicating that UV photofunctionalization 
does not merely accelerate the process of osseointegration but also increases the level/
degree of osseointegration [71].

RT values for UV-treated implants were reported to be 50–60% than those of 
untreated implants [83]. The osseointegration speed index (OSI) calculated as the dif-
ference between two ISQ readings at different intervals was reported to be 2–3 times 
higher for UV-treated implants [86–89]. The biomechanical push-in values assessed 
for UV-treated implants using a rat model were 2.5–3 times greater than those of 
untreated implants [63, 64, 71, 90]. In most of the studies the level of osseointegra-
tion seen at week 2 around UV-treated implants was equivalent to that seen around 
the untreated implants at week 8, indicating that UV treatment may have the poten-
tial to accelerate the process of osseointegration 4-fold [71]. These results suggest that 
UV photofunctionalization may be effective in enhancing the anchoring capability of 
titanium implants.

Figure 12. 
Peri-implant bone morphogenesis enhanced by photofunctionalization. Low magnification microscopic images of 
peri-implant tissues around untreated implants (A) and photofunctionalized implants (B). High magnification 
images of untreated implants (C–E) and photofunctionalized implants (F–H), zooming up the portions in (A) 
and (B) in each of marginal, cortical, and bone marrow zones. (Taken from: Pyo et al. [83].)



Current Concepts in Dental Implantology - From Science to Clinical Research

164

The effects of UV photofunctionalization of implants have been studied in challeng-
ing host conditions for osseointegration to simulate clinical situations [64, 65, 66, 69, 
91–94]. Ueno et al. reported greater strength of osseointegration in a rat model at both 
early and late healing stages for UV-treated shorter implants as compared to untreated 
regular length implants [91]. This suggests that UV photofunctionalization may over-
come the loss of anchoring capacity due to reduced length of implants and may allow 
the use of shorter implants in certain clinical situations. Kim et al. reported enhanced 
osseointegration in UV-treated implants placed near critical one-wall defects in beagle 
dogs [85]. Kitajima et al. reported that photofunctionalized implants placed with low, 
extremely low, or even absent primary stability showed a high success rate eventually 

Figure 13. 
Scanning electron microscopy images showing energy dispersive x-ray spectroscopy (EDX) mapping (A,B) and 
EDX spectrum (C,D) of the apical part of the screw at 4 weeks. The Ca/P ratio shows that the mineralized tissue 
attached to the surface on the screw is bone. Titanium (Ti) was mainly detected in the mapping of the untreated 
group (A). However, much more bone tissue had attached to the screws in the photofunctionalized group, and 
mapping showed more Ca and P than Ti, indicating that the surface was more greatly covered by bone tissue than 
in the untreated group (B). Ca/P ratio (E) and Ca/Ti ratio (F) of the surface of the apical part of the screw at 
4 weeks. Both Ca/P ratios were equal and consistent with bone tissue. The Ca/Ti ratio in the photofunctionalized 
group was extraordinarily greater compared with that of the untreated group, indicating dense and rich bone 
tissue covering the screw surface (**P < .01). (Taken from: Hirota et al. [72])
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[92]. Kim et al. and Lee et al., through their studies in rabbit calvarial defects, showed 
that UV-treatment promoted de novo osteogenesis as well as enhanced bone regeneration 
in critical rabbit calvarial defects [93, 94]. Thus, there is enough evidence to suggest that 
UV photofunctionalization may play a major role in mitigating challenging/compro-
mised host conditions and aid in enhanced implant integration.

However, of all the studies which have reported the effects of photofunctionaliza-
tion, only Mehl et al. reported this surface modification technique to be ineffective 
in enhancement of implant biologic activity [95]. Their in vivo study in edentulous 
minipig jaws revealed that the BSC value for UV-treated implants after 9 months of 
healing was about 64% only, which is similar to what many studies have reported for 
conventional UV-untreated implants, suggesting that photofunctionalization had no 
significant effect in enhancing osseointegration.

3.4 Effects on other implant materials

A majority of published literature on UV photofunctionalization is based on 
titanium as the implant material as it is most commonly used. However, there are some 
studies which have reported the effect of UV treatment on other implant materials as 
well. In vitro analyses of zirconia disks showed that their UV pre-treatment resulted in 
a physiochemical alteration of surface properties similar to those seen in UV-treated 
titanium surfaces [96, 97]. Brezavšček et al. showed that osteoconductive capacity of 
zirconia-based implant materials in a rat model was enhanced by their UV pre-treat-
ment [98]. Shahramian et al. reported that UV treatment of zirconia disks (TiO2-coated 
and non-coated) promoted platelet activation and thereby hastened blood coagulation 
[99]. This suggests that UV treatment has the potential to expedite wound healing 
around plain as well as coated zirconia implants.

Decco et al. reported that UV treatment of sandblasted chromium-cobalt-molybde-
num (Cr-Co-Mo) alloy disks resulted in physiochemical alteration of surface properties 
similar to that of UV-treated titanium [100]. A recent study by Elkhidir et al. on rat-
derived mesenchymal stem cells (MSCs) showed that UV treatment of gold nanoparti-
cles increased its osteogenic capabilities by enhancing cell functions as well as osteogenic 
gene expression (Col-1, osteoprotegerin, osteocalcin) and mineralization [101]. All of 
these studies suggest that photofunctionalization of non-titanium implant materials also 
enhances their bioactivity and can have varied applications in the future.

3.5 Effects on orthodontic miniscrews

Despite this technique having been proven effective for all sizes and topographies 
of titanium implants, its clinical use with orthodontic miniscrews has not yet been 
investigated thoroughly. An in vivo study by Tabuchi et al. in rat femurs evaluated 
the osseointegration potential of photofunctionalized orthodontic miniscrews [102]. 
Via biomechanical push-in tests, it was found that displacement of untreated screws 
was 1.5–1.7 times greater than that of UV-functionalized screws (Figure 14). Surface 
evaluation showed robust bone formation around UV-treated screws with strong 
elemental peaks of calcium and phosphorus, whereas the tissue around untreated 
miniscrews appeared thin and showed no clear peak of calcium. In a similar com-
parative study, the maximum IT and RT values were measured. While the IT values 
were similar for both groups, the RT values were considerably higher for UV-treated 
miniscrews. This implied that implant strength at insertion was similar whereas, 
at removal, the strength of UV-treated miniscrews was much greater. SEM analysis 



Current Concepts in Dental Implantology - From Science to Clinical Research

166

revealed that regenerated bone tissue was more intact and contiguous around the 
UV-treated miniscrews than around the untreated ones, and the miniscrew-bone 
complex seemed to produce interface failure, and not cohesive fracture (Figure 15) 
[103]. Takahashi et al. studied the stability of UV-functionalized orthodontic minis-
crews under immediate loading in growing rats [104]. A significantly less (almost 1/2) 
screw mobility was observed with the UV-treated miniscrews in both, the unloaded 
as well as immediately loaded groups. Once again SEM analysis revealed an increased 
BSC (1.8 times) in the UV-treated miniscrew groups.

Recently, the authors conducted a split-mouth in vivo human study for the first 
time using photofunctionalized miniscrews [105]. They studied the effect of UV 

Figure 15. 
Scanning electron micrograms of the miniscrews at week 3: (A-J) miniscrews with and without 
photofunctiolization were compared. (Taken from: Tabuchi et al. [103].)

Figure 14. 
The anchorage strength of orthodontic miniscrews with and without photofunctionalization. (a) Representative 
load–displacement curves for untreated and photofunctionalized miniscrews subjected to a lateral tipping load. 
(b) The amount of miniscrew horizontal displacement under various levels of load; *P < .05; **P < .01. (Taken 
from: Tabuchi et al. [102].)
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photofunctionalization on orthodontic miniscrews using SEM to evaluate the BSC 
and EDS to evaluate surface element deposition. It was observed that there was 
increased BSC in lower regions of miniscrews in the photofunctionalized group 

Comparison M1-M2 sd t-value p-value Inference

Ca/Ti Ratio

Upper region of untreated  
v/s
UV-treated group

0.08 0.4199 0.70 0.75619 NS

Middle region of untreated v/s 
UV-treated group

-0.05 0.2683 -0.701 0.24853 NS

Lower region of untreated  
v/s
UV-treated group

-0.75 2.4915 -0.998 0.16978 NS

Ca/P Ratio

Upper region of untreated  
v/s
UV-treated group

-0.03 0.8025 -0.153 0.4415 NS

Middle region of untreated v/s 
UV-treated group

-0.07 0.7978 -0.393 0.34946 NS

Lower region of untreated  
v/s
UV-treated group

0.19 0.8616 0.912 0.81202 NS

Table 2. 
Comparison of Ca/Ti and Ca/P ratios between surfaces of untreated and UV-treated miniscrews in the upper, 
middle and lower regions.

Figure 16. 
Representative SEM images of untreated and UV-treated groups from upper, middle and lower regions of 
miniscrews: A, images taken at 100X magnification, B, images taken at 500X magnification. (Taken from: 
Rampurawala et al. [105].)
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(Figure 16), but this was not statistically significant. There was also no significant 
difference between the Ca/Ti and Ca/P ratios of UV-treated and untreated minis-
crews (Table 2). The results of this study were in agreement with only one previ-
ous study that reported a lack of improvement in the biomechanical potential of 
implants [95].

4. Conclusion

Surface modification of orthodontic miniscrews can serve to be an effective 
method for enhancement of the biologic potential of implant surfaces that could 
lead to better adaptation with the surrounding bone, as well as for the improvement 
of their mechanical capabilities thereby allowing better anchorage in more difficult 
intraoral sites. The SLA, microgrooving, anodization, plasma ion implantation, RBM 
and nanoscale modifications are techniques meant to be incorporated in the manu-
facturing process, whereas the UV photofunctionalization technique can be used 
as a chair-side method for surface treatment of miniscrews. All the aforementioned 
methods have shown to be effective in both experimental as well as clinical scenarios. 
The UV photofunctionalization technique is yet to be tested in a clinical situation 
with orthodontic miniscrews, and it may take a few more years of research before 
any or some of these techniques can be substantiated to become a standard operating 
procedure.
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Chapter 10

The Use of Cortical Bone 
Wedges from the Mandibular 
Ramus “Wedge Technique” for 
3-Dimensional Bone Augmentation 
of the Atrophic Ridges
Fares Kablan

Abstract

Autogenous bone is still considered the gold standard in bone augmentation for 
implant insertion in atrophic ridges. However, augmentation of multiple edentulous 
atrophic segments usually necessitates the use of extraoral donor sites. This chapter 
introduces the Wedge Technique, as a new bone augmentation method that can aug-
ment multiple edentulous ridges with intraoral cortical bone grafts. Patients with 
moderate to severe ridge atrophy in different regions of the jaws were treated with 
the wedge technique (WT). Patients received a panoramic radiograph immediately 
after the surgery, and they were examined clinically and radiographically (periapical 
radiograph) every 2 weeks. At four months, CBCT was performed to evaluate the bone 
gain. Reentry was performed after 4 to 5 months to evaluate the new bone volume and 
quality and to insert implants. The follow-up period ranged from 30 to 120 months. 
The healing process was uneventful, with minimal morbidity. The success rate was 
95%, the bone gain average was 3–6 mm vertically and 3–9 mm horizontally. The wedge 
technique can augment multiple segments of atrophic ridges with a small amount of 
autogenous graft. The achieved bone volume was satisfying, especially that the majority 
of the augmented areas were at posterior mandibular defects.

Keywords: bone augmentation, autogenous bone grafts, allogeneic bone substitute, 
donor site, space maintenance

1. Introduction

Alveolar bone loss as a result of teeth extractions, periodontal disease, dentoalveolar 
trauma, pathologic conditions, failed implants, and failed bone grafting procedures may 
provide poor bone quality in height, width, and angulation which may result in impaired 
intermaxillary relationships. Ridge augmentation is considered in such cases to enhance 
the insertion of dental implants with good diameter and length at a proper prosthetic 
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position. Several augmentation methods and materials have been successfully used dur-
ing the last decades, but much controversy still exists [1–10].

Autogenous bone grafts are still considered as the gold standard not only because 
of their osteogenic, osteoinductive, and osteoconductive biological activities but 
also due to their safety and their excellent incorporation in the recipient bed. 
Common extra donor sites such as iliac crest, rib, tibia, and cranium are used and 
provide large quantities of cortical and cancellous bone. However, extraoral donor 
sites have several disadvantages that include the need for hospitalization and general 
anesthesia, prolonged healing time of donor site, concomitant morbidities, and 
visible scars [11–17].

Different intraoral donor sites are widely used as bone blocks or particulate bone. 
The most common intraoral sites are the symphysis and ramus/retromolar area 
[18–22], they have different degrees of morbidities and complications [23–27]. Non-
autogenous bone grafts such as allografts, xenografts, and synthetic bone substitutes 
are widely used either alone or in combinations [28–34]. They eliminate the potential 
complications associated with autogenous donor sites and their availability is unlim-
ited, however, they have osteoconductive characteristics and lack of osteoprogeni-
tor cells.

The incorporation of the autogenous bone graft at the recipient site depends 
mainly on the amount of revascularization together with remodeling and substitu-
tion of the graft, which leads to the integration of the graft at the recipient bed 
[35]. There is a solid connection between osteogenesis and revascularization inside 
and around the graft [36]. Revascularization of the bone graft starts when blood 
vessels sprouts grow and go through the bone block. They originate from two 
sources; first, from the bone at the recipient bed, and second from the surrounding 
soft tissue. Hammack and Enneking in 1960 found that penetration of the blood 
vessels to the cortical graft was observed on the sixth day [37]. De Marco et al. in 
2005 reported the timing and the penetration rate of the blood vessels into the 
autogenous bone block in rats. New capillaries had migrated from the surface of 
the recipient bed and penetrated the graft to different degrees [38].

Graft fixation plays a crucial role in cortico-cancellous bone grafts survival. 
Fixation screws are usually used to prevent micromovement of the augmented bone 
blocks at the recipient site, preventing and minimizing early graft volume loss and 
infections [4, 39, 40]. This chapter introduces a new bone augmentation method, 
Wedge Technique (WT) as a biological approach that utilizes the main advantage of 
autogenic bone which is transferring living cells, and the main advantage of the allo-
genic bone as well which is the availability and the unlimited quantities. The surgical 
procedures of WT, including bone block harvesting, wedge preparation, recipient 
site preparation, and the augmentation methods are presented in this chapter. The 
biological rationale, the healing process, and the advantages of the WT are explained 
and discussed.

2. Patients and methods

Patients were referred by their surgeons due to different types and degrees of alveo-
lar bone deficiencies, a lot of them result from failed implants or failed previous bone 
augmentation attempts. The majority of the cases had at least two sites at one or both 
jaws, and the majority of the sites were at the posterior mandible (Table 1). Inclusion 
criteria for the use of wedge-technique in the participants were: atrophic alveolar ridge 
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Patient No. Site’s Age Sex Augmented 
region

Available bone
Height
Width

Donor side

1 1.1 48 F 44–47 4–5 1.2–2.4 RT

1.2 35–36 5–7 2.5–3

2 2.3 19 F 45–47 5.4–6.2 3.2–4.2 RT

2.4 35–37 7–9 3–4.5

3 3.5 28 F 13–23 10–12 1.5–2 RT

4 4.6 63 M 43–47 8–18 1.5–2.5 RT

4.7 34–37 6–11 2–4

5 5.8 29 F 32–42 9–12 1.5–3 RT

5.9 44–47 6–10 2–6

6 6.10 F 44–47 4.5–9 2–3.2 LT

6.11 54 35–37 6–10 2.8–3.5

7 7.12 54 F 44–47 6–10 3–4 LT

7.13 35–37 6–8 4–6

8 8.14 49 F 33–43 16–18 1.8–2.4 LT

8.15 36–37 8–10 1–2

9 9.16 63 M 35–37 7–9 2.5–5 LT

10 10.17 55 M 34–37 6–8 3–7 LT

11 11.18 47 F 34–37 5–7 2.4–4 RT

11.19 45–47 5–8 2.8–4

12 12.20 56 F 13–17 6–11 1.5–2.5 RT and LT

12.21 23–27 7–12 1.5–3

12.22 43–47 8–18 1–3

13 13.23 19 M 23–27 8–11 2.5–3.5 RT

14 14.24 39 F 43–47 5–7 6–8 LT

14.25 34–37 5–7 6–8

15 15.26 62 M 15–25 10–13 1–2 RT

16 16.27 67 M 34–36 5–7 2.4–4 LT

16.28 44–47 5–8 2.9–4

17 17.29 51 F 46–47 3–5 6 RT

17.30 36–37 3.5–7 6

18 18.31 30 F 12–15 8–11 2.5–3 RT

18.32 33–43 14–18 2–3

19 19.33 44 F 13–23 8–13 1.8–2.7 RT

19.34 46–47 4–5 2–3

19.35 34–37 6–7 3–4.5

20 20.36 54 F 44–47 3.5–4.8 4–5 RT

20.37 35–37 4.6–5.2 3–6

21 20.38 57 F 26–27 4–6 2–4 LT

22 22.39 53 M 35–37 8 2–4.5 LT

Table 1. 
Patients demographics, augmented sites, and the donor sites.
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with a bone deficit that needs vertical, horizontal or combined vertical and horizontal 
bone augmentation. The exclusion criteria were the severe atrophy of the mandibular 
retromolar area (the donor site); and patients with less than 3 mm bone over the 
inferior alveolar nerve at the posterior mandibular ridge.

Patients with informed consent underwent bone augmentation with the WT 
at least at one site in different arch regions. The retromolar/ramus area was the 
donor site of the bone cortical wedges of this technique. Post-operative instruc-
tions included a soft diet for six weeks, antibiotics for ten days, and meticulous oral 
hygiene. In addition, the use of removable appliances was not allowed.

Follow-up examinations were performed every 2 weeks. Four months after the 
surgery, the recipient site was evaluated clinically (to assess the contour and the 
volume of the augmented ridge), and radiographically (by computed tomography) 
to examine the bone gain and the new available bone for dental implant placement. 
Reentry was performed after 4 to 5 months to evaluate the new bone volume, to 
obtain biopsy specimens and to insert implants. The prosthetic rehabilitation was 
allowed 4 months after the placement of the dental implants. Follow-up of the bone 
augmentations and implants that were inserted at these sites, included periodic clini-
cal evaluation and periapical radiographs. All the surgical procedures and postopera-
tive evaluations were performed by the author.

2.1 Technique

Illustration case; 55 years old female was referred to the pre-prosthetic unit at our 
department for bone augmentation of her posterior mandible bilaterally and place-
ment of dental implants. On examination; a healthy patient presented with bilateral 
posterior mandibular edentulism (Kennedy class-1).

Both of the residual ridges had more than 20 degrees of bone angulation toward 
the lingual side (Figure 1a). CBCT showed moderate to severe atrophy of both pos-
terior mandibular ridges (Figure 1b–d). Short implants were not an option due to the 
severe lingual angulation, and inadequate bone width of the residual ridges. Guided 
implant placement was not a treatment option as well due to the central location of 
the inferior alveolar nerve. This case necessitated bone augmentation and was treated 
with the WT.

Figure 1. 
Bilateral edentulous posterior mandibular ridges. (a) Clinical view. (b–d) Computed tomography shows 
inadequate bone in height, width, and angulation.
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2.2 The donor site

Retromolar/ramus region is the gold standard of this technique. It can provide 
cortical bone blocks of 3-4 mm thickness, 2–3 cm length, 8-12 mm width (height). In 
the present case, the left retromolar area was the donor site. Under general anesthesia, 
administration of IV Augmentin 1 gr, Iv Dexamethasone 20 mg, and local anesthesia 
with a vasoconstrictor. A full-thickness mucoperiosteal flap was reflected with 
mid-crestal incision distal to the second premolar. The incision was extended through 
the retromolar region and the external oblique ridge to the ramus. An anterior release 
incision was performed at the first premolar and extended to the vestibular depth. 
This flap exposed the left augmented site (teeth 36 and 37 region), and the donor 
site of the bone block. In addition, it allowed visualization of the lateral and inferior 
border of the mandible, the buccal shelf, and the mental neurovascular bundle. 
The length (posterior–anterior) of the bone block, the width (superior–inferior) 
were determined and done by three complete osteotomies; posterior, anterior, and 
inferior (Figure 2a), using a micro-Saw (Dentsply Friadent, Mannheim, Germany). 
The superior (crestal) edge was perforated with small holes by small round bur 
in a straight hand-piece, those holes determined the thickness of the bone block. 
The block harvest was completed by a straight osteotome that was tapped along 
the superior holes. The block was carefully released and removed to avoid injury to 
inferior alveolar neurovascular bundles, and the donor site was left for spontaneous 
regeneration.

Figure 2. 
The donor site and the Wedge preparation. (a) The bone block harvesting from the left retromolar area. (b–f) 
Multiple splitting of the bone blocks results in multiple small bone wedges. (g–j) Transverse splitting of the 
harvested bone block, as an additional option to create the bone wedges.
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2.3 The wedge preparation

The wedge preparation was made by multiple splittings of the harvested bone block. 
In the present case, the bone block splitting was performed in the direction of the 
longitudinal axis, the first split yielded two thinner bone blocks, and further splitting 
at the same axis gave 4 thin bone blocks from the original bone block (Figure 2b–d). 
Further transverse splitting of the four thin bone blocks provided 8–10 thin bone 
blocks and each one is called “bone wedge” (Figure 2e and f). However, the splitting of 
the harvested block can be also made at the transverse axis of the block to obtain four 
thick bone blocks. Further splitting of those blocks at their long axis can give 8–10 thin 
bone wedges (Figure 2g–j).

2.4 Recipient site

The left recipient site was already exposed for bone block harvesting. The aug-
mented bed was prepared by making grooves (slots, fissures) with either high speed 
straight thin bur, low speed small straight bur, or by the saw-shaped piezosurgery 
device, therefore, at the recipient site, three buccolingual grooves were made  
(Figure 3a and b). The number of the grooves is determined by the length of the 
augmented ridge, on the other hand, the depth of the grooves is limited by its distance 
from the inferior alveolar nerve which is measured on the dental CT scan. In general, 
the groove should be extended all the way from the buccal cortices to the lingual cor-
tices, and as deep as possible in the recipient site residual bone. The main role of the 
groove in the WT is to give biological and mechanical retention of the bone wedge.

2.5 The augmentation procedure

Try-in of the bone wedges into the grooves at the recipient bed was performed in 
order to adapt one bone wedge to each groove. Thereafter, one wedge was inserted 
and taped into one groove using a flat edge cylindrical instrument and hummer 
(Figure 4a). It was extremely important to check the stability of each wedge by 
trying to extract it out from its groove; an unstable wedge should be removed and 
replaced by a stable one. This procedure is the fixation method of the bone wedge to 
the recipient site. The next step was the trimming and rounding of the sharp edges of 
each wedge in order to prevent trauma to the soft tissue overlying the augmentation 
(Figure 4b and c), consequently, multiple bone compartments were achieved  
(Figure 4d). The next step was packing those compartments with allograft par-
ticulate bone substitutes (Figure 4e and f), the desired bone volume was achieved 

Figure 3. 
The recipient site. (a) Grooves are created by height speed, low speed or piezoelectric. (b) Three grooves were 
created at the recipient site.
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(Figure 4g), subsequently the bone graft was covered with a resorbable membrane 
(Figure 4h). A tension-free closure of the flap was performed (Figure 4i), utiliz-
ing a free buccal fat pad graft was used to enhance flap closure. The right side of the 
mandible was augmented using 4 bone wedges, with the same sequence that was 
performed to augment the left side (Figure 4j–o).

The follow-up was performed every two weeks for the first six weeks, and once a 
month later on (Figure 5a). After 4 months the patient underwent a dental CT scan 
(CBCT) to evaluate the amount of bone gain that was achieved from the augmenta-
tion procedure (Figure 5b–d), then dental implants were inserted under local anes-
thesia (Figure 6). Three to four months later the patient was referred for prosthetic 
rehabilitation (Figure 7a and b). This case has been followed up for 120 months 
(Figure 7c–e).

2.6 Case presentations

2.6.1 Case 1

A 45-year-old woman was referred to our department to augment atrophic ridges 
at the anterior and left posterior mandible. On examination, partial edentulism of the 
mandible with missing anterior and left posterior teeth (43–33 and 35, 36), moreover, 
the left and right first premolar were with poor prognosis (Figure 8a–c). Computed 

Figure 4. 
The bone augmentation procedure. (a) Insertion and tapping of the bone wedges inside the grooves.  
(b) Trimming of the sharp edges of bone wedge. (c) Stability checking of the bone wedge inside the groove. (d) 
Bone compartments at the recipient site. (e) The bone filler, allograft particulate bone. (f) The filling of the bone 
compartments with the allograft particles. (g) The obtained final bone volume. (h) The resorbable membrane 
covering the bone graft. (i) Tension free closure of the augmented site. (j–o) Bone grafting of the patient’s right side 
with the WT.
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tomography was performed and demonstrated the bone deficit at the anterior and 
left mandible (Figure 8d and e). The patient had been treated in two stages; at the 
first stage, WT was performed to augment the anterior and left mandibular regions. 
Under general anesthesia the bone block was harvested from the left retromolar area 
(the same surgical site), then was split to obtain the bone wedges (Figure 8f–i). The 
recipient sites were prepared by creating grooves, consequently, 7 bone wedges were 
inserted into the grooves in a stable position and several bone compartments were 
achieved (Figure 8j–l). Then, the compartments were filled with particulate allograft 
bone substitute, obtaining the desired bone volume (Figure 8m), which was covered 
with a resorbable membrane (Figure 8n), and tension free closure of the recipient 
site was performed  
(Figure 8o). A temporary bridge based on left and right first premolars was placed. 
The healing process was uneventful during the follow-up period, after 4 months 
a Computed dental tomography was performed and demonstrated the bone gain 
which was 4–6 mm horizontally and vertically (Figure 8p–r). At the second stage, 
the reentry to the augmented sites revealed new bone volume, and integration of the 
bone wedges into the new bone mass (Figure 8s), thereafter, 6 implants were inserted 
with immediate loading (Figure 8t–v). All implants were successfully osseointegrated 
(Figure 8w and x) and the final rehabilitation was performed after 3 months  
(Figure 8y). This case is followed for 72 months (Figure 8y).

2.6.2 Case 2

A 28-year-old woman was referred complaining of severe atrophy of the anterior 
maxillary region; after a failed bone augmentation procedure which was done by 
her surgeon. Clinical and radiographic examinations revealed severe atrophy of the 
anterior maxillary ridge and pneumatization of the right maxillary sinus (Figure 
9a–e). She was treated in three stages; bone augmentation of the anterior maxilla with 
the wedge technique, extraction and socket augmentation of the right second premo-
lar, and right maxillary sinus augmentation. The right mandibular retromolar area was 
the donor site for the bone block, after splitting the bone block, 7 bone wedges were 

Figure 5. 
Follow-up after two weeks. (a) The post-op panoramic view demonstrates one donor site and two recipient sites. 
(b–d) Computed tomographic views demonstrate the new bone that was obtained.
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obtained. Four cortical bone wedges were inserted at the grooves that were prepared 
at the recipient site (Figure 9f). Then, particulate allograft bone substitute was used 
as the bone filler between the bone wedges (Figure 9g). The right maxillary first 
premolar, and the left maxillary canine were temporarily preserved to hold an acrylic 
bridge during the healing phase. Follow-up examinations at months showed excellent 

Figure 6. 
Reentry after 4 months and implant placement. (a) Shows good bone regeneration after 4 months at the right 
side. (b) Shows good new bone volume at the left side. (c and d) Implants placement.

Figure 7. 
Rehabilitation and follow up. (a and b) Implant abutments. (c–e) Panoramic radiograph and clinical view 
60 months after the surgery.
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recovery (Figure 9h) and CBCT showed the new bone gain and the available bone 
(width; 6 to 10 mm) for implant insertion (Figure 9i–k). At the stage-two surgery, the 
intraoperative views showed a good regeneration, and the bone wedges had excellent 
integration in the new bone volume (Figure 9l). Figure 9(m) and (n) demonstrate the 
drilling through those wedges indicating their stability and viability.

Figure 8. 
Case 2. (a–e) Clinical and radiographic view of the mandible. (f–i) Bone block harvest and the preparation of 
the bone wedges. (j–o) WT bone augmentation at the anterior and the left mandibular ridges. (p–r) Computed 
tomography 4 months after bone grafting. (s–u) Reentry and implant insertions 4 months after the augmentation 
surgery. (v) Radiographic view-follow up of the implants. (w and x) Crowns rehabilitation. (y) 72 months 
follow-up.
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At the same stage, the right maxillary first premolar, and the left maxillary canine 
were extracted with socket augmentation. In addition, 4 implants were placed at the 
anterior augmented region (Figure 9o) with immediate loading. Figure 9(p) and (q) 
show clinical and radiographic view one month after implant placement. At stage-three 
surgery, additional 4 implants were placed; 3 at the right maxilla and one implant at 
the left maxillary canine. Four months later the patient was referred to her dentist for a 
fixed prosthesis over the implants (Figure 9r and s). This patient had been followed for 
60 months (Figure 9t).

Figure 9. 
Case 2. (a and b) Clinical view-anterior maxilla. (c–e) Computed tomography of the anterior maxilla 
demonstrates the severe atrophy of the residual ridge. (f–g) The WT bone augmentation, intraoperative views. 
(h–k) Clinical and radiographic views at four months after the surgery. (l) Reentry 4 months after the surgery 
demonstrates nice bone regeneration. (m and n) Show the drilling for the implants that was performed through 
the bone wedges. (o) 4 implants were placed at the recipient site. (p and q) Clinical and radiographic view 
at 4 months after implant placement. (r and s) Temporary rehabilitation follow up 5 months after implants 
insertion. (t) 60 months follow-up after the surgery, fixed prosthesis supported by dental implants with excellent 
outcomes.
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3. Results

3.1 Clinical outcomes

Bone augmentation with cortical bone wedges was performed in adult patients, 
mean age 47 years; ranging from 19 to 67 years. Different sites at the maxilla and the 
mandible had been treated with the WT, and the majority of the augmented sites 
were at the posterior mandible (Figure 10). The majority of the treated patients had 
more than one site to augment. The healing process was uneventful. The donor site 
for the bone block (the retromolar area) healed very well without complications and 
spontaneous regeneration of the site was observed during the follow-up period, with 
full regeneration after twelve months. The recipient sites healed very well, and the 
bone augmentations were maintained without wound dehiscence among almost all 
the treated patients. However, one patient experienced a partial breakdown of the 
wound, and the majority of the augmented bone was lost; this patient had completed 
treatment with nerve transposition for implant placement. Four months after the 
augmentation surgery, clinical evaluation of the recipient sites revealed new hard 
tissue volume and good ridge contour. CBCT evaluation showed a good bone volume 
with 4 to 8 mm bone gain horizontally and 3–6 mm bone gain vertically. The second 
surgery that was performed for dental implant placement revealed a new and good 
bone volume, with excellent integration of the bone wedges at the recipient site. The 
excellent integration of the bone wedges was obvious with no dislodgement during 
the implant site preparation. Dental implants were inserted of adequate lengths 
(10-16 mm) and diameters (2.8–4.2 mm). Further follow-up of the augmentation 
sites and the implants in both the mandible and the maxilla revealed stable long-term 
outcomes after the implants rehabilitation.

3.2 Histologic findings

At the reentry stage for implant insertion, hard tissue specimens were obtained from 
the wedge area for histologic evaluation (Figure 11a and b). The obtained specimen of 
the bone wedge was stained with hematoxylin and eosin (H&E) after overnight decal-
cification using Rapid Decalcification Solution containing Hydrochloric Acid, revealed 

Figure 10. 
Patients and augmented sites.
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vital osteocytes within the entire bone wedge, osteoblasts, and osteoclast in its periphery 
(Figure 11c), with no evidence of necrotic areas inside the bone wedges. Those findings 
may indicate the vitality and remodeling activities of the graft. More specific histologi-
cal examinations and stains should be performed to enhance the understanding of the 
healing process. This could be performed on an animal model.

4. Discussion

Autogenous bone grafts have been used for many years for the reconstruction 
of alveolar defects and are still considered the gold standard for bone augmenta-
tion. The mandibular symphysis and ramus are widely used as intraoral donor sites. 
Extraoral donor sites are used as well, however, they have some major disadvantages 
including concomitant morbidities of the donor site, high treatment costs, and high 
resorption rates [11–17]. The donor site for the WT is the mandibular retromolar/
ramus area, therefore, the majority of the bone block consists mainly of cortical bone. 
Pikos in 2005 stated that one ramus donor site can provide bone volume for a three-
tooth segment, and can provide 3–4 mm as horizontal or vertical bone regeneration 
[41]. If an extensive bone graft is required for one or more sites in the same patient, 
it may necessitate simultaneous harvest of bone blocks bilaterally from the ramus 
area and from the symphysis area as well in order to obtain enough bone quantities. 
Moreover, these cases may necessitate multiple augmentation surgeries to achieve the 
desired reconstruction of the same site as the report of Schwarts using the Multitier 
techniques for such cases. In addition, some surgeons may use extraoral donor sites 
for multiple-site ridge augmentation [42]. Among the concerns of the recipient 
sites reconstruction with bone blocks, two of them are extremely significant for the 
final outcome; the First one is bone block dislodgement during the insertion of the 
implants [43], and the second one is the presence of a connective tissue layer between 
the block graft and the recipient bed [44]. In addition, micromovements of the bone 
block graft, loosening the fixation screws, and infection may compromise the desired 
augmentation outcomes.

Figure 11. 
Histologic examination. (a and b) The site of the wedge biopsy. (c) The bone wedge is obvious at the center of the 
figure (hematoxylin–eosin). Black arrow, vital osteoclasts; blue arrow, osteoblasts; green arrow, osteoclasts. The 
red star, the artificial split of the specimens.
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The present chapter describes the wedge technique as a novel bone augmentation 
method that can be useful for multiple site augmentations as horizontal or vertical 
bone augmentation or both (3-dimensional). The multiple splitting of one harvested 
block could give 8 to 12 thin cortical bone wedges (0.5 to 1 mm thickness for each 
wedge), and 3 to 4 wedges that are used in the recipient site can augment at least a 
three-tooth segment. A simple calculation manifests that one harvested bone block 
can augment 3 to 4 sites of a three-tooth segment. The fundamental concept of this 
technique is the use of cortical bone wedges that are inserted into the grooves at the 
recipient site to create bone compartments that are filled with allograft bone particles.

The grooves at the recipient site have several functions including; mechanical 
retention of the cortical bone wedge so there is no need for fixation materials like 
screws, reducing the hazards of hardware infection and eliminating their expenses. 
Moreover, the grooves act as biological retention of the cortical bone wedge, and may 
be considered as decortication for the recipient site. The blood vessels injury during 
the groove preparation can enhance angiogenesis and revascularization of the thin 
bone wedge in one hand, and it can accelerate the regional acceleratory phenomenon 
on the other hand which has an important function in the healing of the operated 
organs. It is well documented in the relevant literature that the success of bone 
grafting procedures depends mainly on the amount of revascularization (quality and 
intensity). De Marco et al. in 2005 reported that several vascular sprouts from the 
recipient bed proliferated toward the graft by the third day, and were demonstrated at 
the graft periphery. Moreover, revascularization was more intense in the area near the 
perforation of the recipient bed [38].

According to the author’s opinion, the previously mentioned findings regarding 
the revascularization of a bone graft at the recipient site may explain the integration of 
the thin bone wedges in the retention grooves. In addition, the use of particulate bone 
to fill the compartments in the WT plays a significant role in the fast incorporation of 
the bone graft at the recipient site [4]. The regeneration process can be approved by the 
histologic finding of specimens obtained from the bone wedges examinations 4 months 
after the augmentation. Vital Osteocytes were visible inside the bone wedge which 
indicates the wedge vitality. Moreover, the presence of osteoclasts and osteoblasts at the 
periphery of the wedge indicate bone graft remodeling.

The cortical bone wedge, in the WT, has several functions; the thin nature of the 
wedge (0,5-1 mm) may enhance the ingrowth of the vascular sprouts that emerge 
from the grooves at the recipient bed at two contact surface areas at each wedge, 
therefore, the revascularization of the wedge graft maybe earlier and faster than that 
of the standard thick block. Moreover, the bone wedge acts as a space maintainer for 
the augmented bone, which is achieved by the multiple bone compartments that are 
created between the bone wedges. In addition, while inserting the bone wedges in the 
grooves, they tent the membrane that covers the graft. As a result, the bone wedges 
support the particulate bone filler, and inhibit its deformation at the recipient site. 
According to the author’s point of view, the insertion of several bone wedges at the 
recipient site creates a site with an increased number of autogenous bone walls that 
may accelerate the regeneration of the treated sites similar to the reconstruction con-
cept of the periodontal defects. Moreover, the wedge–groove unit increases bone to 
bone contact surface areas that lead to a faster wedge to groove integration. Successful 
grafting depends mainly on the close contact between the graft and vascularization 
tissue, and on its fixation to the recipient bed [35, 39]. Those two principles are fun-
damental in the wedge-groove unit concept. Moreover, comparing the wedge-groove 
unit with the standard thick cortical bone graft, the latter has higher failure rates due 
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to the risk of early exposure, slower rates of revascularization with areas of necrosis 
that may persist for a long time within the graf, and incomplete bone graft replace-
ment [45, 46].

The cortical bone wedge technique has several advantages:

1. One harvested bone block from the ramus can augment two to three recipi-
ent sites.

2. Two harvested ramus bone blocks bilaterally can augment multisite in both jaws.

3. There is no need for fixation materials (Screws, mini-plates, or titanium mesh).

4. Decrease the need for extra-oral donor sites. Therefore, reducing the complica-
tions and expenses of the standard bone block graft.

An additional key factor for successful bone augmentation relies crucially on ade-
quate volume, quality, and tension-free closure of the soft tissue at the recipient site. 
The buccal-free fat graft was simultaneously used along with the wedge technique as 
soft tissue grafting to enhance a double layer tension-free closure of the recipient site. 
The role of the buccal free fat graft during bone augmentation procedures was proved 
by Kablan and Laster at their publication [47].

The Resorption of different bone augmentation materials is well documented in the 
relevant literature in dentistry. Haggery et al. in 2015 stated that the resorption rates of 
cortical grafts are (0–50%), with the most resorption occurring at the periphery of the 
graft [4]. In addition, according to the dental implant literature, bone resorption around 
implants is expected during the first year of function to be approximately 1.2 mm in 
height, and 0.1 mm additional resorption for every subsequent year [48, 49]. The clini-
cal and radiographic follow-up results among the patients that had been treated with 
the WT and followed for an average time of 56 months; ranging from 30 to 120 months 
showed excellent survival and success rates with minimal bone resorption around the 
implants. According to the author, the long-term stability of the outcomes utilizing the 
WT results from the use of thin cortical bone wedges that completely revascularized 
during the healing period, and from the combined use of particulate bone as well; that 
is readily incorporated at the recipient site.

5. Conclusions

The cortical bone wedge technique’s biological rationale is to create multiple auto-
genic bone compartments that are filled with allogeneic bone particles. This combina-
tion can augment multiple sites with intraoral autogenous bone blocks and reduces 
the need for extraoral donor sites. The wedge-groove unit may enhance revasculariza-
tion of the bone graft and improve its survival. The long-term follow-up results of the 
wedge technique indicate the predictability of this treatment modality.
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Peri-Implant Soft Tissue
Augmentation
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Abstract

Theperi-implant soft tissue (PIS) augmentation procedure has become an integral part
of implant-prosthetic rehabilitation. Minimal width of keratinizedmucosa (KM) of 2mm
is deemed necessary to facilitate oral hygienemaintenance around the implant and pro-
vide hard and soft peri-implant tissue stability. PIS thickness of at least 2mm is
recommended to achieve the esthetic appearance and prevent recessions around implant
prosthetic rehabilitation. The autogenous soft tissue grafts can be divided into two groups
based on their histological composition—free gingival graft (FGG) and connective tissue
graft (CTG). FGG graft is usedmainly to increase the width of keratinizedmucosa while
CTG augment the thickness of PIS. Both grafts are harvested from the same anatomical
region—the palate. Alternatively, they can be harvested from themaxillary tuberosity.
Soft tissue grafts can be also harvested as pedicle grafts, in case when the soft tissue graft
remains attached to the donor site by one side preserving the blood supply from the donor
region. Clinically this will result in less shrinkage of the graft postoperatively, improving
the outcome of the augmentation procedure. To bypass the drawback connected with
FGG or CTG harvesting, substitutional soft tissue grafts have been developed.

Keywords: connective tissue graft, CTG, free gingival graft, FGG, apically positioned
flap, APF, peri-implant soft tissue augmentation, subepithelial connective tissue graft,
de-epithelized free gingival graft, keratinized mucosa

1. Introduction

Peri-implant soft tissue (PST) thickness and width of keratinizedmucosa (KM) have
a major impact on the esthetic appearance, stability, and health of implant/prosthetic
reconstruction. Dental implants were introduced 50 years ago as a treatment modality
for edentulous patients and, later on, for partially edentulous patients with shortened
arches and single-tooth gaps [1]. Until lately, the success of implant treatment was
based on implant survival rates, prosthetic stability, radiographic bone loss, and absence
of infection [2, 3]. Today, patients’ implant treatment expectations have changed. They
have shifted from healthy and functional to healthy, functional, esthetic, and natural-
looking tooth replacement [4]. Consequently, the PST augmentation procedure became
a fundamental part of implant treatment algorithms.

There are two main objectives of soft tissue augmentation around implants—(1) to
restore an adequate width of KM and (2) to increase the volume of peri-implant soft
tissue [5].
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1.1 KM width around implants

The displacement and loss of the KM can be a consequence of—(1) flap mobiliza-
tion in order to achieve primary flap closure during horizontal or vertical bone aug-
mentation procedures and (2) vertical bone resorption and reduction of distance
between the bone crest and mucogingival line [6].

Today, the vast majority of published evidence supports the necessity of at least
2 mm of keratinized mucosa width around the implant.

The presence of an adequate amount of KM around implants (>2 mm) will facili-
tate maintenance of oral hygiene, which can lead to less plaque accumulation and
lower incidence of peri-implant mucositis. Furthermore, KM can be associated with
soft and hard tissue stability, resulting in decreased incidence in the recession of peri-
implant mucosa, marginal bone resorption, and attachment loss (Figure 1) [5, 7–13].

KM is fundamental in maintaining health around implants in erratic maintenance
compliers patients. Less than 2 mm of KM around implants is erratic compliers seems
to be associated with a higher incidence of peri-implantitis [12, 14].

1.2 PIS volume

In literature, the suggested PIS thickness is at least 2 mm. PIS thickness has a major
influence on two factors—(1) esthetic appearance of the implant/prosthetic rehabili-
tation and (2) marginal bone stability [13, 15].

1.2.1 Esthetic appearance

The color, texture, volume, level of mucosal margin of the PIS, and presence of
papilla has a major influence on the overall esthetical outcome. The aforementioned
elements must be in line with those of soft tissue around adjacent teeth in order to
obtain a harmonious and natural-looking restoration. These parameters are influenced

Figure 1.
Recession of the marginal mucosa caused by inadequate width of KM.
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mainly by soft tissue thickness. Several indexes were developed to objectively evaluate
the esthetical appearance of the implant/prosthetic restoration [16].

In literature, the suggested PIS thickness is at least 2 mm [15].
Inadequate PIS volume can be improvedwith soft tissue augmentation techniques.

Furthermore, thick soft tissue can evenmask andhide alveolar bone loss on thebuccal side
of implants [12, 13, 15]. Therefore, soft tissue augmentation is recommended in esthetical
regions where a certain amount of buccal bone remodeling is expected, like immediate
implant placement in situations with thin biotype or thin buccal bone plate [17, 18].

PIS thickness is essential for concealing the color of the prosthetic restoration
and preventing PIS discoloration caused by prosthetic material. In cases with thin PIS
(< 2 mm) titanium abutments will cause a visible color change of the buccal PIS
(Figure 2) [12, 19–21].

1.2.2 Peri-implant marginal bone stability

PIS has a predetermined thickness of 2.5–4 mm, termed biologic width [22]. PIS is
formed after healing abutment installation. In case when soft tissue is thinner than
2 mm, peri-implant marginal bone resorption will be initiated in order to establish
sufficient space for the biological width [22, 23]. Augmentation of PIS volume with soft
tissue grafts can prevent marginal bone resorption in the case of thin PIS [5, 14, 24].

2. General principles of PIS grafting

After transplantation to the recipient region, the soft tissue graft depends on
plasmatic imbibition in order to receive sufficient nourishment. In the later stages,
after 3–4 days, the soft tissue graft will be transvascularized with newly formed blood
vessels. Blood vessel anastomoses will be formed between vessels of the recipient site
and vessels already present in the graft [21, 25–29]. In order to achieve plasmatic
imbibition and transvascularization certain factors must be met:

Figure 2.
Visible discoloration of the thin marginal mucosa caused by titanium abutment in the region of the lower right
canine.
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1.Rigid immobilization of the graft-excessive movement can hamper plasmatic
imbibition and transvascularization of the flap

2.Intimate contact of the graft with the recipient site—decreased distance for the
plasmatic diffusion or for new blood vessels to reach the graft will result in faster
and complete nourishment of the graft. Furthermore, the formation of a blood
clot or active hemorrhage between the vascular surface of the recipient site and
graft can compromise the nourishment of the graft

3.Vascularity of the recipient site—the root surface of the tooth and the surface of
the implant are avascular surfaces. In those situations, the survival of the graft
will be accomplished either by using a larger graft than the avascular surface in
order to obtain nourishment from the adjacent vascularized surfaces, preparing a
split-thickness flap in order to assure nourishment from both sides of the flap, or
by using a pedicle graft.

4.The PIS grafting procedure should begin with the preparation of the recipient
site in order to decrease the time between graft harvest and graft transfer into
recipient bed [21, 25, 26].

Most of the aforementioned conditions are met when the periosteum is used as a
recipient site. The periosteum is well irrigated and it is immobile (Figure 3) [25, 30].

Likewise, to achieve those factors care must be taken while harvesting the soft
tissue graft. The graft should be of uniform thickness to ensure even intimate contact
of the inner surface of the graft and the recipient site [25, 26].

The composition of the graft can influence the nourishment of the graft—adipose
and glandular tissue may hinder the nourishment of the rest of the graft so they should
be dissected from the graft [26, 31].

Figure 3.
Stabilization and intimate contact of the autologous soft tissue graft (free gingival graft) in the recipient site
achieved with simple interrupted and cross mattress sutures. After the dissection and apical displacement of the
mucosal flap, only the exposed periosteal surface is present in the recipient site. The periosteum is well irrigated and
immobile surface, suitable for graft nutrition and stabilization.
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3. Connective tissue graft (CTG)

The first description in literature of the use of connective tissue graft was by Alan
Edel in 1974 for increasing the width of gingiva [32]. Since than the indications and
the use of CTG graft increased significantly. Today, CTG is still regarded as the gold
standard for most soft tissue augmentation treatments. It is indicated for:

1. Increasing the width of the keratinized gingiva [33]

2.Treatment of single and multiple gingival recession around teeth [34]

3.Treatment of mucosal recession around implants [35]

4.Furcation treatment [36]

5.Regeneration of infrabony defects [37]

6.Augmentation of edentulous alveolar ridge defects [38]

7.Augmentation of PIS [39]

Some of the aforementioned indications are overlapping with those of the FGG.
The main advantage of the CTG over FGG is the superior esthetic outcome in terms of
color and texture of the augmented area (Figure 4) [25, 26, 40–42].

3.1 Connective tissue graft harvesting (CTG)

The harvesting technique of the CTG has a direct influence on the graft dimension,
histological composition, harvesting complications, morbidity, healing dynamics of

Figure 4.
Connective tissue graft.
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the donor site, healing dynamics of the recipient site, and outcome of the grafting
procedure. The ideal technique should enable the maximum volume and quality of the
graft to be harvested, while concurrently limiting trauma, postoperative morbidity,
and possible complications connected with CTG harvesting [43]. A variety number of
techniques have been described in the literature for connective tissue graft harvesting.
All the techniques can be divided into two groups—(1) connective tissue harvesting
with the preparation of the primary flap (offend referred to as subepithelial connec-
tive tissue graft, sCTG) and (2) free gingival graft harvesting with extraoral de-
epithelization. The first group can be further subdivided into free CTG or pedicle CTG
depending if the CTG is completely dissected or remains attached by one side of the
palatal soft tissue [26, 40, 42–45].

The palate is the most frequent site donor site for CTG or FGG harvesting [40].
Histologically, it is composed of different layers—the most superficial epithelial layer,
covering a dense connective tissue layer (lamina propria). The submucosal layer is
located below the lamina propria and above the periosteum, containing fatty and
glandular tissue. Preferably, the CTG should consist only or mostly of the lamina
propria layer, with little or no submucosa [26, 46]. Fatty and glandular tissue can hinder
or slow the revascularization of the graft after its transplantation [31]. Furthermore,
they can be responsible for the increased shrinkage rate of the CTG during healing,
influencing the outcome of the grafting procedure [40, 47, 48].

Palatal soft tissue thickness differs greatly among the various areas of the palate
and among individuals [49–51].

Limited data in the literature suggest that patients with thick palatal soft tissue
have increased thickness mainly of the submucosal layer while the dimensions of
lamina propria remain unchanged [49]. It could be hypothesized that CTG harvesting
with the primary flap techniques in thick palatal soft tissue would always result in a
graft composed of a lower percentage of lamina propria. The only layer that would
have increased share in graft thickness would be the submucosal layer [49].

In the case of thin palatal soft tissue, there is not enough connective tissue thick-
ness to prepare the primary flap and the CTG. The result of CTG harvesting with the
primary flap in those situations can lead either to (1) primary flap necrosis if the
primary flap is prepared to thin in order to increase the composition of the lamina
propria inside CTG, or (2) CTG with a decreased thickness and composition of lamina
propria which can result in the improper outcome of the harvesting procedure [48].

To overcome the aforementioned drawbacks, a new harvesting procedure was
described—harvesting of an FGG and afterward, intra- or extra-oral de-epithelization
of the FGG. As a consequence of the de-epithelization, the epitel layer is removed and
the FGG graft is converted into CTG. With this harvesting procedure, the most
valuable tissue (lamina propria) is almost completely inside the graft regardless of the
initial thickness of the palatal soft tissue. In contrast, when the primary flap is used, a
varying percentage of the lamina propria remains unutilized, attached to the inner
side of the primary flap [40, 49, 52]. Furthermore, CTG obtained with the new
harvesting procedure (de-epithelized FGG) is firmer and easier to manage during the
grafting procedure with less variations in compositions among different CTG [48, 49].

The main disadvantage of the de-epithelized FGG procedure is the secondary
intention healing of the donor site resulting in a slower healing process related to a
higher percentage of complications linked to the donor site (pain and bleeding).
Patients who underwent CTG graft harvesting experienced a lower incidence of donor
site pain in the early postoperative period compared to FGG graft harvesting patients
(Table 1) [49, 52–55].
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3.1.1 Connective tissue harvesting with the preparation of primary flap- subepithelial
connective tissue graft (sCTG)

3.1.1.1 The role of the primary flap

The main purpose of the primary flap is the protection of the donor wound region.
At the end of the surgical procedure, the primary flap is repositioned and sutured in its
original position, completely covering the wound area beneath it. Thus, thanks to the
primary flap, the wound area is healing with primary intention. This will result in a
reduced time of haling and postoperative morbidity. In case when the primary flap has
reduced vascularity as a consequence of a surgical error during flap preparation (flap
thinner than 1 mm, perforation of the flap) it will necrotize, leaving the donor area
unprotected and left to heal with secondary intention 26, 25, 40, 42, 43, 47, 52
(Figure 5).

3.1.1.2 Donor area

The donor area for CTG graft harvesting is located in the palatal masticatory
mucosa extending:

1.Mesiodistally: the donor iste is extending from the distal line angle of the canine
to the mesial line angle of the platal root of the first molar. In this region, the soft
tissue thickness is suitable for the CTG harvesting procedure.

2.Apically the donor area is limited with a zone containing blood vessels. The
average distance between blood vessels and CEJ of adjacent teeth is 12 mm. The
recommended apical limit of the donor area is set at 10 mm from CEJ, leaving 2
additional millimeters of the safety zone between the apical border of the CTG
and the blood vessels.

Harvesting techniques of free CTG

CTG with primary flap (subepithelial
connective tissue graft)

de-epithelized FGG

Advantages Primary healing of the donor site Larger graft dimensions

Faster healing with less complications (pain,
bleeding)

Higher quality of graft composition

Better patient acceptance Easier management of the graft

Lower percentage of graft contraction
during healing

Disadvantages Reduced graft dimensions Secondary healing of the donor site

Lower quality of graft composition Slower healing with more complication

Higher percentage of contraction during
healing

Lower patient acceptance

Poor handling properties

Table 1.
Advantages and disadvantages of CTG harvesting techniques: CTG with the primary flap and de-epithelized
CTG.
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3.The coronal incision is displaced 2 mm from the CEJ to prevent soft tissue
recession on the palatal side of the adjacent teeth.

In patients with a flat palate, the palatine artery is closer to the CEJ, located 7mm
apically of the CEJ of adjacent teeth resulting in a limited height of the CTG [25, 26, 56–59].

Another limiting factor for CTG harvesting with the preparation of the primary
flap is the palatal soft tissue thickness. The palatal soft tissue should be at least 3 mm
thick, to allow the preparation of primary flap thick 1.0–1.5 mm and harvesting of 1.5–
2.0 mm thick CTG. Therefore, before starting the grafting procedure, it is advisable to
examine the thickness of the donor area [42, 60–63].

In case when inadequate palatal soft tissue thickness is present, three different
solutions are available—(1) two-step procedures: Augmentation of the palatal soft
tissue with the collagen sponge and after 8 weeks harvesting of the sCTG from the
thickened donor site [60–62], (2) different grafting techniques of the CTG
(de-epithelized CTG) [42, 48, 64], and (3) use of a substitutional soft tissue graft
(allogenic or xenogenic soft tissue substitute graft) [65–68].

3.1.1.3 Surgical technique

The first part of the harvesting procedure consists of the preparation of the pri-
mary flap. The dissection of the primary flap starts with a horizontal incision 1.0–
1.5 mm deep, 2 mm apical from the cementoenamel junction, and perpendicular to the
mucosal surface. The blade angulation is changed to approximately 135° and a split-
thickness flap is prepared in the apical direction. With the progression of the flap
preparation, the angle of the blade is flattened until it becomes parallel with the
gingival surface. The dissection is controlled from the external aspect of the flap in
order to prevent flap perforation. The partial-thickness flap preparations end after
reaching 8 mm from the first horizontal incision, this is 10 mm apically from the

Figure 5.
sCTG harvesting. After the harvesting procedure of the sCTG the primary flap is repositioned in its original
position. The primary flap protects the wound beneath it, enabling primary healing of the donor area.
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cementoenamel junction, leaving a safe zone with 2 mm of distance from the possible
location of blood vessels. This will result in the maximal apico-coronal graft dimension
of 8 mm.

The primary flap is prepared with the sharp dissection, in a split-thickness manner.
During the partial-thickness preparation, the blade is oriented parallel with the
mucosal surface to prevent perforations or overthinning of the primary flap. Care
must be taken to leave the minimum residual thickness of the primary flap at least
1.5 mm, otherwise it could be necrotized.

After finishing its dissection, the primary flap is partially reflected and the connec-
tive tissue graft is dissected just beneath it. It is suggested to place the coronal dissection
line 1.0–1.5 mm apical from the coronal incision line of the primary flap. This will result
in a 1.0–1.5 mm connective tissue band along the coronal incision line, improving the
healing of the primary flap, but at the same reducing the apico-coronal dimension of the
connective tissue graft from the maximal 8 to 7 or 6.5 mm [26, 44, 69–71].

The connective tissue graft can be harvested with or without the periosteum layer
depending on if it is inner surface is prepared with sharp or blunt dissection. The CTG
with the periosteum has better mechanical stability and better clinical handling. On
the other hand, leaving a periosteal surface on the bone in the donor area will improve
the healing of the primary flap. In clinical situations where the primary flap was
prepared with reduced thickness (equal or less than the lower value of the
recommended thickness) or perforated during dissection, it could be advisable to
leave the periosteum covering the bone surface [26, 44, 69–71].

After the completion of the harvesting procedure, the primary flap is repositioned
and sutured in its original position. Although, cross matters or a combination of
parallel and cross sutures were recommended [26, 69, 70], it seems that the suturing
technique does not have an influence on early wound healing in the donor area [72].

Once the CTG is harvested it must be kept in a moist environment, usually draped
in wet gauze, until is transferred to the recipient site [26, 69–71].

3.2 Connective tissue pedicle flaps

Connective tissue can be harvested from the palatal donor site as a free graft or
pedicle graft. Free grafts are completely dissected from the donor site while pedicle
flaps remain attached by one part to the donor site. In that way, they retain the
vascularization of the donor site which will influence positively the graft volume
stability reducing the shrinkage of the graft postoperatively and improving the
outcome of the augmentation procedure [44, 45, 73].

Pedicle palatal connective tissue was first described in 1980 [74].
The preparation of the primary flap is equal to the primary flap for the free

connective tissue graft. The only difference is the length of the primary flap which can
be elongated if the defect is located in the frontal region [45]. The main variation to
conventional free connective tissue graft is the harvesting of the CTG. During the
preparation of the pedicle, the connective tissue graft below the primary flap is freed
from the rest of the palatal tissue on three sides, while one side remains attached to it
[45, 73, 75–77].

Different modifications of this technique have been described, which can be
divided into two groups—roll techniques and vascularized interpositional periosteal
connective tissue flap. In the first group, the pedicle is attached by its coronal part to
the buccal flap and rolled under the buccal flap. This flap is used mostly for minor
augmentation of the buccal PIS during the single implant uncovering procedure
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[78–80]. Other indications include soft tissue augmentation for pontic site develop-
ment [81, 82] and multiple implants PIS augmentation and pontic site development at
implant uncover procedure (Figures 6–11) [83].

The vascularized interpositional periosteal connective tissue flap (VIP-CTG) con-
sists of a connective tissue pedicle that remains attached to the palatal tissue on the

Figure 6.
Palatal roll technique for PIS augmentation around the single implant at uncovering procedure. Initial situation.

Figure 7.
The primary flap has been prepared.

Figure 8.
The CTG remains attached to the buccal flap, while it is dissected from the adjacent palatal soft tissue on the
apical, mesial, and distal side.
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Figure 9.
The CTG pedicle graft has been rotated beneath the buccal flap and sutured in this position. The thickness of the
buccal PIS has been visibly augmented.

Figure 10.
Definitive zircon-ceramic screw-retained crown 14.

Figure 11.
Two years follow up.
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distal or mesial side, depending on the defect location. It can be used for more
pronounced soft-tissue defect augmentation (horizontal and vertical), allowing
grafting of large soft tissue defects with only one procedure. Furthermore, VIP-CTG
can be used for simultaneous soft and hard tissue augmentation procedures, reducing
patient treatment time and morbidity. This procedure is indicated before implant
placement, concomitant with implant placement, or during the implant
osseointegration period [45, 75, 76] or pontic site development (Figures 12–18)
[44, 73, 74, 84].

Figure 12.
VIP-CTG for the treatment of the vertical soft-tissue defect in an esthetical demanding situation. Initial situation.

Figure 13.
The incision line of the primary flap is extending mesially until the defect site is located in the region of the central
incisor. The VIP-CTG is dissected from the rest of the palatal soft tissue on three sides (distal, coronal, apical) and
rolled over the buccal soft tissue in order to determine the size of the buccal pouch that will be prepared. The mesial
side of the VIP-CTG will remain attached to the adjacent palatal soft tissue.
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Figure 14.
With the help of two horizontal mattress sutures the VIP-CTG will be positioned and stabilized inside the pouch.

Figure 15.
Suturing of the donor and defect area. The donor and the defect sites will heal by primary intention.

Figure 16.
Final appearance of the PIS after soft tissue conditioning with provisional crowns-frontal view.

Figure 17.
Final appearance of the PIS after soft tissue conditioning with provisional crowns-occlusal view
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3.3 Preparation of recipient site for CTG

The recipient site can be prepared with different surgical techniques. The
techniques can be categorized in three groups:

1.Tunnel technique: The recipient site is prepared without vertical incisions and
papilla incisions [21].

2.Coronally advanced flap without vertical incisions [85]

3.Single or double vertical incisions [86]

The vertical incision can compromise the vascular supply of the flap and cause an
esthetical appearance. Incision through the papilla can cause papilla height reduction
after healing, a likewise vertical incision can cause scare formation. On the other hand,
the vertical incisions will facilitate the coronal advancement of the flap or the correct
positioning and the stabilization of the graft [25].

4. Free gingival graft (FGG)

Soft tissue graft consisting of epithelial and connective tissue layer which is
completely detached from the rest of the palatal soft tissue is defined as a free gingival
graft (FGG) [40].

Figure 18.
Final screw-retained zirconia-ceramic crowns 21, 11.
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The FGG was introduced in 1966 [87]. Historically, FGG was used to expand the
band of keratinized gingiva around teeth [32], cover exposed root surfaces [88], soft
tissue augmentation of edentulous ridges [89, 90], and expand the band of keratinized
tissue around implants [91]. Since the esthetic appearance of the augmented tissue is
poor due to inadequate color blending with the adjacent soft tissue and a “patch” like
appearance, today FGG grafts are used mostly to increase the band of keratinized
mucosa around implants in nonesthetic areas. Other indications for FGG are seldom
performed only in nonesthetic areas 38, 40. The combination of apically positioned
flap and autogenous graft is considered the gold standard technique for increasing the
width of keratinized mucosa around implants [15].

4.1 Recipient site preparation

The recipient site is prepared with the apically positioned flap technique.
A split-thickness flap is prepared along themucogingival border. Usually, the flap

design consists of a horizontal incision and two vertical incisions that are elongated to or
apically to themucogingival border depending on the amount of the apical displacement
of the partial-thickness flap. The split-thickness flap is prepared with sharp dissection in
the apical direction taking care to leave intact periosteal surface covering the bone; a 15C
or 12D blade is used. In order to prevent perforations of the flap, the blade is oriented
parallel with themucosal surface during the dissection. Additionally, the progression of
the flap dissection is monitored from the external flap surface. Muscle attachment, loose
connective tissue fibers are removed from the periosteal surface. Care is taken to prepare
an even surface that will allow an intimate contact of the graft with the vascularized
surface. After the partial-thickness flap has been prepared, the flap is sutured in a new
apical position. Suturesmust engage the flap and the rigid periosteal surface in order to
stabilize the flap [59]. The FGG is stabilized on the exposed periosteal surfacewith sutures
or cyanoacrylate [40, 92]. After stabilization, the graft must be completely immobile,
intimately adapted to the periosteal surface with no dead space remaining between the
inner surface of the graft and the periosteal surface otherwise plasmatic imbibition and
neovascularization bill be hindered. Furthermore, caremust be taken to harvest an FGG
with an even thickness to allowevenprecise adaptation to the recipient site throughout the
inner surface of the graft. If present, fat tissue should be cut out from the FGG as it can
slow down or prevent revascularization of the flap [25, 31, 40, 64].

4.2 Donor site preparation

The palatal masticatory mucosa is the most used donor site for FGG harvesting.
Usually, the donor site is located inside the premolar and molar areas. The anterior
palatal region where rugae are present is usually avoided since the rugae will remain
present inside the FGG and will be transplanted to the recipient site, further deterio-
rating the appearance of the grafted site. The presence of the rugae can render the
harvesting of the FGG challenging, especially in situations where the thin
(1.0–1.5 mm) FGG grafts are harvested.

The harvesting procedure can be done freehand or with the help of a template.
The design of the flap consists of four incisions outlining the graft—coronal horizontal

incision,mesial and distal vertical incision, and apical horizontal incision.Usually, the goal
is to harvest an FGGwhich thickness is not exceeding 1.5 mm. For depth orientation
during the performance of the outlining incision of the future graft, only the beveled part
of the blade can be used which dimensions are approximately 1mm [25, 44].
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During healing, FGG undergoes contraction of around 30% of initially gain
keratinized tissue band [7, 40, 93]. This fact should be taken into consideration while
determining the dimension of the graft, which should be 30% larger than the site
needing augmentation (Figures 19–22) [40].

Figure 19.
Figure loss of vestibular depthand coronal andpalatal displacement of keratinizedmucosaafter guidedbone regeneration.

Figure 20.
Apically positioned flap-the recipient site has been prepared with the apical displacement of a split-thickness
buccal flap. The exposed periosteal surface is present in the recipient site.

Figure 21.
Free gingival graft stabilized in the recipient site, on the exposed periosteal surface, with the help of sutures.
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After completion of graft dissection, the wound in the donor site is
protected. Different techniques have been proposed—sutures, absorbable gelatin
sponge, cyanoacrylate bioadhesive, periodontal dressing, palatal stents, platelet-rich
fibrin, or a combination of some of the aforementioned techniques (Figures 23–34)
[25, 26, 48, 53, 94, 95].

Figure 22.
Final three-unit screw-retained bridge. On the buccal side a wide zone of KM and deepen vestibule is present.

Figure 23.
Two months after implant insertion in the region 36. Visible loss of keratinized mucosa-lateral view.

Figure 24.
Two months after implant insertion in the region 36. Visible loss of keratinized mucosa-occlusal view.
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Figure 25.
Recipient site preparation—Apically positioned flap was prepared in the recipient region. The partial-thickness flap
was stabilized in the new apical position using resorbable sutures. The height of the recipient site was measured.

Figure 26.
Recipient site preparation—Apically positioned flap was prepared in the recipient region. The partial-thickness flap
was stabilized in the new apical position using resorbable sutures. The width of the recipient site was measured.

Figure 27.
Initial incisions outlining the future FGG—The dimensions of the graft were determined based on the
measurements of the recipient site. The donor site was located in the region of the first molar, posterior to the rugae
area. To avoid exercise bleeding during FGG preparation, the last outlining incision (horizontal apical incision)
was done at the end of the procedure.
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Figure 29.
FGG after harvesting.

Figure 28.
1–1.5 mm thick flap was prepared, starting from the coronal horizontal incision extending apically until reaching the
imaginary line connecting the apical end of the two vertical incisions. The preparation of the FGG was terminated with
the horizontal apical incision which completely dissected the FGG from the rest of the palatal soft tissue.

Figure 30.
Donor site protection—Absorbable gelatin sponge and compressive crossed mattress sutures.
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Figure 31.
Dimensions of the harvested FGG.

Figure 32.
Thickness of the harvested FGG—The thickness of the graft should not exceed 1.5 mm in order to reduce the
postoperative morbidity associated with the donor site.

Figure 33.
Initial stabilization of the FGG in the recipient site—The stabilization of the graft is initiated by applying simple
interrupted sutures on the coronal part of the graft. Afterward, one to two additional simple interrupted sutures
are applied on the mesial and distal vertical border of the flap- stretching the flap over the exposed periosteal
surface in the donor area. In order to stabilize the graft, the needle must engage the graft and the periosteal surface.
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5. Alternative sites for free autogenous graft harvesting-maxillary
tuberosity

Harvesting autogenous free grafts from the tuberosity are linked to different advan-
tages compared to the classical palatal donor sites—the presence of a lower percentage
of fatty/glandular tissue within the graft, higher percentage of collagen fibers within the
graft, increased thickness of soft tissue in the donor area, and reduced patient morbidity
and a lower percentage of other postoperative complications [26, 47, 96].

Soft tissue grafts from the tuberosity undergo minimal shrinkage during healing as
a result of a higher quality of harvested soft tissue [47, 97]. A lower level of pain after
tuber soft tissue graft harvesting may be explained by the faster rate of donor site
healing compared to palatal donor sites. Additionally, the tuberosity donor site is less
prone to masticatory friction [47, 96–98].

The presence of the fully erupted or semi-impacted third molar can prevent soft
tissue grafting from the tuber region. In seldom clinical cases, hyperplastic response
during haling of tuberosity CTG was observed, leading to an esthetic results
(Figures 35–38) [47, 96].

Figure 34.
Final graft stabilization—Mattress crossed sutures extending from the coronal to the apical part of the recipient site
are used to secure even contact throughout the inner surface of the graft and the periosteal surface.

Figure 35.
CTG harvesting from the tuberosity. Autologous graft has been harvested as a free gingival graft. Note the increased
thickness and the absence of the fatty tissue inside the CTG.
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Figure 36.
After extraoral de-epithelization: Epithelial layer (left part of the picture) removed from the rest of CTG (right
part of the picture).

Figure 37.
The CTG from the tuberosity is stabilized beneath the buccal flap with horizontal matrasses suture.
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6. Substitutional soft tissue grafts

Although the results of PIS grafting with substitutional grafts, at the present are
inferior to the results obtained after autogenous soft tissue grafting [5, 8, 65, 66,
93, 99], the absence of the donor site makes this treatment modality appealing to the
patient and practitioners, as well [26, 42, 100].

The elimination of the harvesting procedure [25, 65] will lead to the reduction of
surgical time [65], simplify the surgical procedure [42, 100], decrease the patient
morbidity [26, 42, 65, 93], allow the unlimited supply of the soft tissue graft [26, 101,
102], and increase patient acceptance for the procedure [42, 65, 100, 103].

The augmentation procedure with substitutional soft tissue grafts will result in PIS
with perfect color and texture blending to the adjacent soft tissue [65, 101].

Two types of substitutional grafts are available—xenogenic and allogeneic soft
tissue grafts. Both of the grafts can be used for augmenting the volume and the width
of keratinized mucosal band [25, 26, 65, 93, 99, 104].

The substitutional grafts are deprived of vital cells. During the manufacturing
procedure, cells and antigenic components are removed, preserving only the extra-
cellular matrix consisting mainly of collagen and elastin fibers. The three-dimensional
structures of the aforementioned scaffold will promote fibroblast and keratinocyte
migration and vascular ingrowth from the surrounding tissue [105–107]. This will
result in an excellent color match since the keratinocytes are derived from the sur-
rounding tissue. Nevertheless, compared to autogenous soft tissue grafts, they do not
possess the ability to promote keratinization, limiting their application for increasing
the width of KM [105, 106]. To overcome this drawback, a combination of an FGG
graft with reduced apico-coronal dimensions to 2 mm and an XCM was proposed [6].

When used to augment PIS thickness, substitutional grafts are less resistant to
compression of the overlaying flap compared to CTG. Loss of the initial volume of the
substitutional graft can lead to the compromised outcome of the grafting procedure.
To overcome this drawback, a volume stable collagen matrix was developed [105]. As
a result of the cross-linking process of the collagen fibers, the collagen matrix becomes
more volume stable and prone to withstand soft-tissue pressure [108, 109]. At the
moment there is a lack of literature on the long-term stability of augmented PIS with
the substitutional grafts (Figures 39–66) [105].

Figure 38.
Flap adaptation around healing abutments.
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Figure 39.
Initial situation—Lateral view.

Figure 40.
Initial situation.

Figure 41.
Surgical stent.
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Figure 42.
Dehiscence bone defects around implant 16 and 15.

Figure 43.
GBR: A composite bone graft was used consisting of 50% autogenous and 50% xenogenic graft. The bone graft was
applied in two layers—The internal layer which is covering the exposed implant surface, is made out of autogenous
bone and the external layer is consisting of a xenogenic bone graft.

Figure 44.
GBR: Native collagen membrane stabilized with resorbable sutures.
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Figure 45.
Suturing in three layers;(1) palatal-apical position—Mattress sutures for membrane stabilization, (2) buccal-
apical—Mattress sutures for initial closing of the flap, and (3) bucco-coronal—Simple interrupted suture for the
final closure of the flap.

Figure 46.
Four months after the GBR, the palatal displacement of the mucogingival line is evident. Occlusal view.

Figure 47.
Four months after the GBR, the palatal displacement of the mucogingival line is evident. Lateral view.
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Figure 48.
The surgical stent was used to determine the dimensions of the flap.

Figure 49.
The flap incision is made not at the mucogingival junction but 4 mm within the keratinized mucosa, therefore the
buccal split-thickness flap will include a band of keratinized mucosa which is 4 mm wide.

Figure 50.
Finalized preparation of the buccal split-thickness flap. The most coronal part of the partial-thickness flap consists
of keratinized mucosa.
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Figure 51.
Apically positioned flap—Stabilization of the buccal partial-thickness flap in the new apical position. The exposed
periosteal surface is completely surrounded by keratinized mucosa.

Figure 52.
The exposed periosteal surface is covered with xenogenic collagen matrix (Mucoderm, Botiss gmbh, Berlin).

Figure 53.
Healing two months after the keratinized mucosa widening procedure. The gain of the keratinized mucosa is
evident but the thickness of the gained tissue is unsatisfactory. Occlusal view.
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Figure 55.
During the implant uncovering procedure, a primary flap was prepared on the palatal side. The minimal thickness
of 1.5 mm of the primary flap was respected, and the connective tissue was exposed.

Figure 56.
Mesial, distal and apical incisions were made inside the connective tissue graft in order to completely dissect the
CTG from the rest of the adjacent soft tissue.

Figure 54.
Healing two months after the keratinized mucosa widening procedure. The gain of the keratinized mucosa is
evident but the thickness of the gained tissue is unsatisfactory. Lateral view.
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Figure 59.
Appearance of the palatal and tuber donor site after CTG harvesting.

Figure 58.
On the left: CTG harvested from the palate (the harvesting procedure was displayed on the previous pictures), on
the right additional CTG harvested from the tuberosity on the same side.

Figure 57.
The CTG is completely dissected from the rest of the adjacent soft tissue.
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Figure 61.
Both of the CTG grafts were stabilized with sutures to the buccal flap.

Figure 62.
Final stabilization of the CTG grafts to the inner aspect of the buccal flap.

Figure 60.
Appearance of the regenerated bone on the buccal side of the implants.

229

Peri-Implant Soft Tissue Augmentation
DOI: http://dx.doi.org/10.5772/intechopen.101336



Figure 64.
After 2 months of healing adequate quantity (soft tissue thickness) and quality (width of keratinized mucosa) of
soft tissue surrounding the healing abutments.

Figure 65.
Screw retained abutments.

Figure 63.
Final suturing of the flap.
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7. Conclusion

PIS augmentation procedure has become an integral part of implant-prosthetic
rehabilitation. The aim of PIS augmentation is adequate quality and quantity of PIS—
at least 2 mm of the width of peri-implant KM and 2 mm or more, of the thickness of
PIS. These dimensions of PIS will result in stable peri-implant hard and soft tissue,
better esthetical outcome and facilitate oral hygiene maintenance around the implant.

The use of autogenous soft tissue graft for PIS augmentation is considered the gold
standard. FGG is primarily used for increasing the KM width and CTG for increasing
the thickness of PIS. Different techniques have been developed for the harvesting of
the CTG graft. The grafting technique and the choice of the donor site can influence
different aspects of the procedure, from patient discomfort in the postoperative
period to the quality and dimension of the graft. The choice of the grafting technique
should be addressed individually based on the parameters of the specific clinical case
(patient desire for decreased morbidity, anatomical limitations of the donor site,
dimensions, and quality of the required graft).

The use of substitutional soft tissue grafts has different advantages—reduced
length, the complexity of the procedure and patient morbidity, availability of the
unlimited amount of the graft, and better patient acceptance. At the moment, the
results of the use of substitutional grafts are inferior compared to soft tissue auto-
grafts. There is a lack of published long-term results of PIS augmentation with substi-
tutional soft tissue grafts. Therefore, they should be used in cases where patient denial
for soft tissue autografts would lead to rejection of the PIS augmentation procedure. In
all other cases, priority should be given to soft tissue autografts.

Figure 66.
Three units screw-retained bridge.
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Chapter 12

The Effect of Implant Surface 
Design and Their Decontamination 
Methods in Peri-Implantitis 
Treatment
Dragana Rakašević and Dragana Gabrić

Abstract

Different titanium implant surfaces are prone to microbial colonization and 
dental plaque accumulation contributing to peri-implantitis pathogens adherence 
and growth. In conjunction with systemic, local, and implant-based factors such 
as micro- and macro-designs, implant location, and region, these pathogens can 
cause a complex inflammatory response resulting in peri-implantitis and deleterious 
bone loss. Implant surface decontamination plays a crucial and important step in 
peri-implantitis therapy. The primary goal of implant surface decontamination is to 
eradicate bacteria and their products outside of implant pits and grooves reducing 
inflammation and promoting tissue regeneration and/or reparation. Various implant 
surface decontamination methods such as mechanical, chemical or physical methods 
have been proposed to prevent bacterial resistance development or/and surface dam-
age. The chapter aimed to assess if implant microdesign could influence the decon-
tamination method choice.

Keywords: peri-implantitis, implant design, implant surface, decontamination 
methods, peri-implantitis therapy

1. Introduction

Dental implants have become highly predictable routine therapeutic strategy 
in daily practice for a missing teeth replacement in the partial or total edentulous 
patients’ treatment.

Osseointegration presents close bone-to-implant contact (BIC) and depends on 
several factors such as implant micro- and macro-design which play crucial roles 
in long-term implant survival success rate. Implant macro-construction (implant 
shape, number and shape of implant threads) is designed to improve osseointegra-
tion mechanism and obtain implant primary stability resisting detrimental forces 
occurring during physiological functions [1–4]. Various implant surfaces were 
developed to enhance osseointegration mechanism accelerating and strengthening 
bone formation providing better stability [5]. Additional modification of implant 
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surfaces increases surface roughness with aim to improve bone healing especially 
in the region with poor bone quantity or quality stimulating bone growth, and 
enabling immediate or early loading protocols [6]. This modification increases 
surface roughness as well, making it another  
important parameter for effective osseointegration.

The mechanism of osseointegration could invert unpredictably into a pathologi-
cal process leading to inflammatory reactions in soft tissue (peri-mucositis) or a 
subsequent bone loss around an osseointegrated implant. This process could cause 
peri-implantitis onset, and as consequence implant failure [7–9]. As a disease of the 
modern era, peri-implantitis is defined as a plaque-associated pathological condition 
characterized by clinical signs of inflammation such as bleeding on probing (BOP) 
with or without suppuration, peri-implant probing depths increase (PPD), and clini-
cal attachment loss (CAL) along with radiographic bone loss [10].

Major aetiological factors in the peri-implantitis development are virulent 
pathogenetic anaerobic bacteria (Porphyromonas gingivalis, Prevotella intermedia, A. 
actinomycetemcomitans, Tannerella forsythia, Treponema denticola) isolated from dental 
biofilm around the implant triggering the deleterious immunological reaction of the 
host tissue, and causing progressive surrounding bone loss [11]. Furthermore, some 
facultative isolated a gram-positive pathogen (Staphylococcus aureus) and fungi (C. 
albicans) are considered to contribute to peri-implantitis onset [12, 13].

In addition, a myriad of patient-related factors (genetic, diabetes mellitus, cardio-
vascular diseases, genetics, smoking), local factors (periodontitis, residual cement, 
poor oral hygiene, etc.), and implant-based factors are introduced as risks that could 
induce onset and severity of peri-implantitis [8, 14–18].

1.1 Implant-based and implant-related factors in peri-implantitis

1.1.1 Implant macro-design associated with peri-implantitis

Specific implant topography, i.e., its macro-design such as body shape, threads 
number, and collar design as well as micro-design aimed to speed the process of 
osseointegration enabling a rapid implant loading [19]. However, these dental implant 
components themselves could be addressed as one of the implant-based risk factors 
associated with peri-implantitis onset.

A variety of commercially available implants with cylindrical or conical body 
shape, one-, double- or triple-threads number and different thread shapes are 
constructed not only to accelerate the osseointegration process but also to minimize 
a hazard shear force acting instantaneously. Moreover, the implant macro-design 
aimed to prevent additional further marginal bone loss that could jeopardize implant 
long-term stability after prosthetic rehabilitation. In contrast, cylindric implants and 
implants with triple-threads demonstrated the production of greater detrimental 
shear forces [19] resulting in higher bone loss with implant failure, respectively.

To speed up and shorten implant placement by increasing the threads number 
on the implant body (double- and triple-thread) could, unfortunately, induce more 
pressure forces [2]. This resulted in increased bone loss, especially at triple-threads 
compared to single-thread [19]. In a laboratory model, using finite element analysis 
(FEA), threads shape was used to stimulate and estimate stress distribution between 
implants and cortical or cancellous bone [20] indicating that “V” shape and a 
broader-square shape generated less stress in cancellous bone than other examined 
threads. In contrast, implants with “V” and butter thread shapes generated higher 
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forces that induced bone defect formation [20, 21], and may consequently contribute 
to peri-implantits. Although these facts arising from in vitro and in vivo conditions, 
localisation and bone quality could affect the success of implant therapy associated 
with implant macro-design. However, a significant incidence of peri-implantitis has 
been reported in the posterior region of the mandible [22–25] suggesting that the 
location and region of implant placement might be associated with peri-implantitis 
development.

Implant macro-design could also cause excess cement retention that could act as 
rough surface facilitating an adherence of microorganism and inflammation around 
peri-implant mucosa with subsequent bone loss. Moreover, other implant-based 
factors such as implant-abutment connection type, prosthetic rehabilitation, and 
occlusal overload, could also be taken into consideration as risks for peri-implantitis 
onset [8, 18, 26–28].

Since the current literature are insufficient in providing evidence whether the 
implant macrodesign parameters such as implant body shape and dimension, and 
threads number could be the possible risk factors associated with the initiation and 
progression of peri-implantitis, further studies are required.

1.1.2 Implant micro-design in correlation with peri-implantitis onset

Over the last few decades, implant surfaces topography has been modified to 
enhance BIC rates, primary implant stability as well as positive host-to-implant 
response aiming to attain long-term implant treatment success rates. Bone response to 
implant topography modification has been specifically related to surface roughness, 
surface free energy and surface chemistry.

The implant’s surface could be “smooth” (machined) or rough. Roughness 
Average (Ra) or Arithmetical Mean Height (Sa) parameters are used to describe the 
roughness of dental implant surfaces referring to the height of the surface structure 
in two or three dimensions. Mostly, implant surface roughness could be divided 
into four groups: smooth implant surface with Sa roughness value less than 0.5 μm, 
minimally rough surface (Sa value 0.5–1.0 μm), moderately rough surface (Sa value 
1.0–2.0 μm), and rough surface (Sa value more than 2.0 μm). Several methods are 
reported in the literature to create implant roughness including acid etching, sand-
blasting, titanium plasma spraying, and hydroxyapatite (HA) coating, contributing to 
changes in implant physicochemical properties [5, 29, 30]. Currently available dental 
implant systems could have either moderately rough surfaces such as SLA, TiUnite, 
OsseoSpeed, and TiOblast implants or a rough surface such as Ankylos, IMZ or TPS 
implants [29]. Nevertheless, these implant topography features may play a role in 
peri-implantitis onset [5, 29, 31].

A study by Polizzi and al. demonstrated that peri-implantitis was more commonly 
detected at implants with a rough TiUnite surface compared with the minimally rough 
machined surface [32]. Furthermore, the spontaneous and greater bone loss occurred 
at the implants with a TiUnite surface compared to Turned, SLA or TiOblast surfaces 
[33–35]. The hazardous effect of TiUnite surface could be explained by its microde-
sign and the presence of grooves and pits that might encourage bacterial adhesion 
[35]. Although microbial plaque accumulation had been detected on novel modified 
anodized surfaces (TiUltra), this surface affected minimal bone loss and inflam-
mation resulting in marginal bone stability [36]. Additionally, zirconium surface 
promoted plaque reduction in vitro conditions compared to Ti-machined, sandblasted 
and acid-etched surfaces.
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Implant roughness and surface free energy influenced the dental plaque accumula-
tion and biofilm formation inducing peri-implantitis [37, 38]. According to a literature 
review by Teughels et al. [37] increasing surface roughness above 0.2 μm resulted in 
biofilm formation and bacteria adhesion. Despite differences in surface roughness, 
another in vivo study recorded plaque accumulation on three different titanium disk 
surfaces (machined, RBM sandblasted and Xpeed) [39]. Additionally, some periodon-
tal bacteria such as P. gingivalis could have the ability and greater bacterial viability on 
titanium compared with zirconium abutments [40]. S. aureus, which is introduced as 
one of the main harmful bacteria in peri-implantitis development, has an immense 
affinity to colonize on titanium implant surfaces [41, 42]. Even though the role of 
C. albicans in peri-implantitis disease is still being investigated, this species has also 
been isolated around implants with diagnosed peri-implantitis. In combination with 
Streptococcus species, C. albicans has the ability to grow on titanium surfaces forming 
a robust mixed biofilm that could cause inflammatory tissue reactions with potential 
tissue damage [43–45].

The development of bioactive titanium surface coatings with antibacterial proper-
ties has been considered as an additional strategy for controlling biofilm formation 
[46]. Different antimicrobials, active molecules, compounds, and ions were incor-
porated into implant surface to stimulate bactericidal or/and bacteriostatic effect 
on surrounding tissue decreasing in this way bacterial adhesion on implant surface. 
Unfortunately, this strategy has a short-term effect since the remains of dead cells on 
the uncleaned surfaces may act as bridges for bacteria coaggregation and colonization 
[47] leading to possible peri-implantitis onset.

1.2 Other peri-implantitis risk factors

Other risk factors such as smoking, diabetes, medications used in the treatment 
of chronic diseases may influence bone metabolism supporting plaque accumulation 
and adversely impacting the periimplant-tissue response. Despite limited evidence, 
survival of implants in patients with diabetes could be disturbed by high blood glu-
cose level, that affects the immune system impairing tissue repair and host defenses 
against dental plaque [48], therefore accelerating peri-implantitis development or 
progression. Special caution in the peri-implantitis treatment should be advised in 
patients with chronic disorders/ diseases.

2. Treatment of peri-implantitis

Peri-implantitis is a complex multi-microbial and multifactorial disease, thus, 
therapy continues to be a challenge. It has been suggested that peri-implantitis surgical 
therapy is superior to non-surgical one [49]. Implant surface decontamination is an 
important but at the same time difficult step in peri-implantitis treatment. The goal of 
implant surface decontamination is to completely remove all causative bacteria from 
the implant surface preparing the tissue for regeneration and re-osseointegration [12]. 
Considering the possible role of micro- and micro-design on peri-implantitis initiation, 
special care should be taken in the process of implant surface decontamination.

The removal of microbes from the implant surface may cause possible implant 
surface damage. As a result of surface damage, surface chemical oxide layer changes 
could lead to induced corrosion, acidic pH, changes in surface roughness, plaque 
accumulation, and osteoclast activation impairing implants biocompatibility [50]. 
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Additionally, different methods of decontamination could generate mechanical or 
chemical processes on implant surfaces releasing titanium’ ions and particles, and 
promoting the pathogenic biofilm growth on treated surfaces as well [45].

Although there is no standardized protocol for peri-implantitis treatment, many 
methods of implant surface decontamination have been proposed including mechan-
ical methods, chemical methods, laser, photodynamic therapy, and implantoplasty, 
usually combined with systemic antibiotics administration [51–60]. Accordingly, 
this chapter aimed to determine which method of implant surface decontamination 
could be successfully performed assessing comparably if implant topography could 
have influenced the decontamination method choice in peri-implantitis treatment.

2.1 Mechanical and chemical methods of implant surface decontamination

The removal of biofilms and calculus is essential for long-term clinical success 
and bone regeneration [12]. Therefore, mechanical removal of granulation tissue and 
surface cleaning presents the first steps in peri-implantitis or periodontal therapy. 
Ideal mechanical methods should be capable of completely removing deposits and 
bacteria along with their products from the implant surface without altering or 
damaging implant surface integrity and biocompatibility, or affecting the implant-
tissue interface. Due to implant surface macro- and micro-design as well as bacterial 
characteristics, it is difficult to achieve long-term results using a mechanical method 
alone. Therefore, this method is usually combined with chemical methods, photody-
namic or laser therapy.

Several instruments such as curettes and brushes have been proposed for mechani-
cal implant surface decontamination. Metal (stainless steel) curettes, burs and 
conventional sonic and ultrasonic scalers, have been shown to damage the smooth 
or rough (TPS and SLA) implant surface leaving behind the debris by removing the 
surface coating, threads and edges. Nevertheless, these instruments are only used 
when smooth surface of implant, implantoplasty, is required [61]. Titanium curettes 
were also advised to be used with caution due to their tendency to leave marks on the 
implant surface increasing the depth of the surface roughness and in this way caus-
ing an inability to effectively remove biofilm [62]. Plastic curettes did not leave any 
surface scratches on different implants surfaces. However, their limited flexibility and 
size resulted in incomplete plaque removal in screw-type implants [63]. Even when 
combined with chemical methods such as chlorhexidine gluconate (CHX), plastic 
curette was not effective in biofilm removal from Osseotite® or SLA titanium disks 
[64] thereby only being recommended for use during maintenance care [65].

Peri-implantitis treatment performing the Vector system improved oral hygiene, 
yet showing no improvement in clinical parameters compared to carbon curettes after 
six months of follow-ups [66]. According to systematic reviews, Vector systems with 
carbon tips efficiently removed biofilms from polished titanium and SLA surfaces. 
Hence, the potential to produce SLA and TPS surface damage was found to be a 
drawback, and could be possible explanation for poor clinical outcomes [61, 63, 67].

The market offers a variety of rotating titanium brushes that are successfully used in 
combination with other chemical agents or physical methods for implant surface decon-
tamination (Figure 1). Rotating brushes effectively clean SLA, TiUnite, and OsseoSpeed 
surfaces without compromising their properties [67]. Contrary to this, in vitro study 
demonstrated that titanium brushes could create titanium surface craters with remain-
ing titanium particles on SLA surface. The significance of this result must be interpreted 
carefully since this study was conducted under in vitro conditions, the coating surfaces 
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Figure 1. 
Mechanical methods of implant surface decontamination by performing two different titanium brushes (a, b,) 
and graphite curette (c).
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were not contaminated, and the treatment was done on “sterile” surfaces [68]. In a 
recent randomized clinical trial (RCT), rotating titanium brushes combined with 3% 
H2O2 during regenerative surgical procedures of peri-implantitis significantly reduced 
both PPD and BOP after 12 months from the surgery [69]. The titanium brushes could 
be proposed for implant surface decontamination during the surgery.

Other mechanical methods of implant surface decontamination, air powder-water 
sprays, have not shown to be superior in terms of improvement in clinical parameters 
and possible re-osseointegration compared to other mechanical methods. Recent in 
vitro study revealed that air-power-water spray was not effective in removing biofilms 
from titanium surfaces, grades 4 and 5, acid-etched, sandblasted, or functionally 
anodized surfaces compared to electrolytic methods that completely eradicate 
biofilms from treated surfaces [70]. Furthermore, air-powder system properties such 
as water flow, powder medium, air pressure, and exposure time seemed to influence 
biofilm removal and implant surface changes. There was a significant difference 
in the effectiveness of the medium for hydroxyapatite/tricalcium phosphate and 
hydroxyapatite, while the cleaning effect was less pronounced on titanium dioxide 
and phosphoric acid. In addition, amino acid glycine powder effectively removed 
microbes from implants without altering implant surface as compared to classical 
sodium bicarbonate powder. It was found that the sodium bicarbonate powder left 
craters and abrasive residue on the surface. As a result of this, the immune system 
may be impaired causing an inflammatory response of the tissue [67].

Implantoplasty is another mechanical method of implant surface decontamination 
that is usually used during surgical peri-implantitis therapy to smoothen the supra-
crestal exposed implant surface (Figure 2). Whenever there is a persistent supra-
crestal bone defect (Class II bone defect, classified by Schwarz [71]), implantoplasty 
appears to be the most effective treatment. Among the benefits of implantoplasty 
there is a very low bacteria adhesion and recolonization rate.

Due to the implant surface roughness, it could not be possible to remove bacteria 
and their waste products completely. Therefore, it is recommended to be combined 
with antiseptics and antibiotics. Various chemical agents such as chlorhexidine glu-
conate (CHX), hydrogen peroxide (H2O2), citric acid, and phosphoric acid have been 
proposed as means to decontaminate titanium implant surfaces in both non-surgical 
and surgical therapies.

The CHX is a commonly used antiseptic agent that is considered a ‘gold standard’ 
in various treatment procedures. It is a time-dependent chemical agent which exhibits 
both bactericidal and bacteriostatic effects. With increasing CHX concertation, in 
both pure titanium discs and titanium-zirconium alloy discs there was a decrease in 
the mean number of colony-forming units indicating antibacterial dose–response 
and biofilm control [72]. Even so, the clinical and microbiological outcomes in one 
of RCTs had not shown statistical differences when two CHX concentrations (2% vs. 
0.12% CHX + 0.5% CPC) were used for the decontamination of commercially avail-
able implant surfaces during peri-implantitis resective surgery [73]. These results were 
consistent with our prior published study in which implant surface decontamination 
was performed by applying 1% gel of CHX followed by saline solution irrigation during 
regenerative surgery. Our study concluded that this chemical procedure had insuffi-
cient effectiveness in clinical and microbiological results [57]. Under in vitro conditions, 
CHX can remain on implant surfaces gradually releasing and acting within 24 hours 
against bacteria without harming the surface. Nevertheless, a special caution needs 
to be taken during implant surface decontamination due to CHX cytotoxic effects on 
osteoblastic, endothelium, and fibroblastic cells [74]. Irrigation by saline solution for 
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Figure 2. 
Implantoplasty as a mechanical method for implant surface decontamination: Exposed implant surface (a), 
implantoplasty procedure (b), smooth implant surface (c).
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approximately a minute could alleviate the negative effect of CHX; however, it should 
be noted that this irrigation might reduce CHX-substantivity. Furthermore, because of 
CHX’s low cleaning capacity, gauze soaked in saline solution should be taken after CHX 
application to mechanically remove debris and death cells that might act as a substrate 
for recolonization, and consequently, disease reappearance.

The use of adjuvant systemic or local antibiotic therapy could also be affected by 
implant surface topography in peri-implantitis therapy. A successful treatment out-
come was documented in only 45% of treated implants by Carcuac et al. In this study, 
79% of implants with non-modified surface features and 34% of implants with modi-
fied surfaces had successful treatment after peri-implant surgery [75]. In the Heitz-
Mayfield et al. study, a significant improvement of clinical parameters was achieved 
within 12 months after an open-flap surgical procedure of moderate and advance 
peri-implantitis followed by adjuvant systemic antibiotics administration (amoxicil-
lin and metronidazole) and antiseptic solution (0.12% CHX). Approximately 47% of 
implants with various surface topographies completely resolved inflammation post-
operatively. However, within 12 months of implant surgery, bone continues to lose on 
implants with porous anodized, titanium plasma-sprayed, and machine surfaces [54]. 
Systemic antibiotics had limited penetration into the biofilm attached to the titanium 
implant surface. These findings would support the recommendation that implant 
surface should be carefully evaluated prior to adjuvant systemic antibiotics administra-
tion. Apart from this, broad-spectrum antibiotics’ excessive use, their side effects, and 
allergic reactions have led to bacterial-resistance development, thus additional care 
should be taken in their administration.

In order to overcome these drawbacks of chemical and mechanical methods, novel 
methods such as laser or photodynamic therapy were introduced to improve implant 
surface decontamination.

2.2  Application of laser and photodynamic therapy in peri-implantitis treatment

2.2.1 Laser use in peri-implantitis therapy

In the late 1980’s, a laser system was introduced in dentistry [76] increasing laser 
popularity in dental implantology considerably. Due to the laser’s capacity to achieve 
satisfactory cutting, induce good coagulation, and antibacterial effect, the laser is 
widely used in dental implantology for the safe second stage surgery of submerging 
implants, peri-implant soft tissue plastic surgery, and implant surface decontamina-
tion. Lasers have been described to possess ability to facilitate implant site preparation 
enhancing bone healing and osseointegration [56, 77, 78].

The lasers’ use in non-surgical and surgical peri-implantitis therapy was widely 
examined, especially its effects on implant surface decontamination and re-osseointe-
gration. Titanium implant surfaces have greater absorption characteristics resulting in 
the surface overheating and alteration, so special consideration should be given when 
they are exposed to the laser. A literature review has recommended a few types of 
lasers for decontaminating implant surfaces [56].

Er: YAG laser is suggested for successful implant surface decontamination with a 
tendency to achieve re-osseointegration (Figure 3). Safe irradiation settings for this 
laser should be above 300 mJ/10 Hz for 10s achieving efficiently a bactericide effect, 
and not increasing implant temperature or altering the surface of polished or SLA 
implants [79]. Favorable long-term outcomes following treatment of peri-implantitis 
with Er: YAG lasers were observed in a few clinical studies [80, 81]. A case report 
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study on zirconium implants found that Er: YAG led to improvements in clinical 
parameters (PPD and BOP) six months after peri-implantitis surgery [82].

CO2 (carbon dioxide laser) and gallium-aluminum-arsenide lasers (one of the 
diode lasers) are introduced as safe methods for implant decontamination with anti-
bacterial effects. Depending on implant surface topography, special attention should 
be taken considering the time of laser exposure, power, and irradiation mode (con-
tinues, CW, or pulse, PW, mode). In vitro study had shown that CO2 and diode laser 
with lower settings and at 810 nm wavelength could effectively destroy P. gingivalis on 
zirconium and titanium surfaces, whereas a higher setting of diode laser is required 
in order to eliminate S. sanguis and P. gingivalis adhered to zirconium surface [83]. 
Furthermore, diode laser of 810 nm and 4 W power showed a slight alteration on mod-
erate roughness sandblasting implant surface compared to 3 W power laser settings 
[68]. On the polished and SLA implant surfaces, CO2 laser set in CW mode, up to 4 W, 
and diode laser set at 810 nm, CW mode, and 1 W–3 W showed no alteration [79], and 
thereby could be recommended as safe implant surface decontamination method in 
peri-implantitis treatment. To determine the influence of these recommended param-
eters on implant surface decontamination methods for different peri-implantitis stages 
and implant topographies, further experiments and clinical studies are required.

On the other hand, Nd: YAG lasers could induce surface alteration by causing 
surface melt and increasing its roughness. This type of laser is contraindicated for any 
dental implant surgical interventions. Application of diode lasers with other wave-
lengths or fiber systems should be used with special care as the laser light directly 
contacting the bone may cause thermal damage.

2.2.2 Photodynamic therapy assessment in peri-implantitis therapy

A novel antimicrobial treatment modality, photodynamic therapy (PDT) was 
introduced for the various oral infection treatments. The PDT mechanism is based on 
a suitable wavelength low-energy single-frequency diode laser activating a photoac-
tive material (photosensitiser) that binds a target cell. In this mechanism, the photo-
chemical oxygen-dependent reaction is induced producing very reactive superoxide 
radicals, such as single oxygen that causes photogenic species death.

Studies demonstrated the PDT efficiency in treating peri-implantitis with a par-
ticular emphasis on implant surfaces decontamination using the procedure (Figure 4). 

Figure 3. 
Implant surface decontamination by performing laser therapy in the treatment of early peri-implantitis stage 
(LightWalker, Fotona, Slovenia) (a) implant radiography before laser therapy (b).
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A few in vitro studies have demonstrated a reduction and elimination of bacteria from 
implant surfaces performing PDT [58, 60, 84, 85]. Haas et al. achieved a significant 
reduction in number of periodontopathogen bacteria (P. gingivalis, P. intermedia and A. 
actinomycetemcomitans) from machined, plasma-flame-sprayed, etched, and hydroxy-
apatite-coated implant surfaces [85]. Other in vitro studies also showed a significant 
reduction in the total number of bacteria on titanium implants (Bredent, Sedan, 
Germany) [58], zirconium implants [84], and anodized rough implant surface (TiUnite, 
Nobel) without any implant surface changes. Considering implant topography on 

Figure 4. 
Photodynamic therapy (HELBO, photodynamic systems GmbH, Bredent medical GmbH & Co KG) performed 
for implant surface decontamination during peri-implantitis surgery: Photosensitizer- phenothiazine chloride 
application (HELBO® blue photosensitizer) on implant surface and surrounding tissue (a) followed by diode 
laser irradiation with 2D fiber optic probe (b).
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zirconium surfaces, PDT has revealed greater efficiency in eliminating a total number of 
bacteria compared to titanium surfaces [86].

In our previous clinical study, the positive effects of PDT on microbiological 
reduction and clinical outcomes improvement after peri-implantitis surgery were 
assessed three months postoperatively [57]. PDT proved to be a very effective decon-
tamination method for various titanium implant surfaces according to the research. 
Additionally, the further follow-up observation aimed to show the maintenance 
results achieved by performing PDT, six and 12 months postoperatively. Patients’ 
inclusion criteria, follow-up parameters and surgical treatment procedures have 
previously been reported in detail [57]. In brief, the surgical regenerative treatment 
procedure was performed on each patient with early or moderate peri-implantitis. 
During the surgery, after careful mucoperiosteal flap elevation, granulation tis-
sue removal, patients were randomly divided into two groups. In one group (21 
systemically healthy patients), PDT (HELBO, Photodynamic Systems GmbH, Wels, 
Austria) was performed for implant surface decontamination, while in another group 
(19 systemically healthy patients), CHX was used as a chemical decontamination 
method. Clinical and microbiological outcomes were used to assess treatment success. 
Microbiological samples were taken both from the pockets around the implant prior 
to any procedure and during follow-ups, and during surgical procedures before and 
immediately after surface decontamination. Samples were cultured and biochemi-
cally analyzed using standard procedures for anaerobic bacteria diagnosis. Detailed 
microbiological sample collecting and analyses were explained in the previous study 
[57]. The results were examined using SPSS 20.0.

Different pathogenic bacteria (Table 1) were isolated either from various exam-
ined implant surfaces (Table 2) during the surgical therapy or from the peri-implant 
pockets prior to any treatment. The presence of S. aureus on implant surfaces con-
firmed the earlier statements of bacteria affinity to colonize the titanium implant 
surface [41, 42]. This could emphasize the possible influence of S. aureus on the onset 
and progression of peri-implantitis. Furthermore, C. albicans was isolated from 
peri-implant pockets indicating a possible role of Candida species in peri-implantitis 
onset. This observation reported that mechanical implant surface decontamina-
tion followed by PDT along with regenerative surgical therapy successfully reduced 
pathogenic bacteria (Table 1) and improved clinical parameters in terms of PPD and 
BOP reduction three, six and 12 months postoperatively (Table 3). Similar clinical 
parameters’ improvements and pathogen reduction in peri-implantitis treatment 
were recorded in other clinical and experimental studies [87–89]. Performing either 
PDT or titanium brushes combined with PDT for implant surface decontamination in 
in vitro study, S. aureus was successfully reduced from polished, SLA, and SLAactive 
implant surfaces [41].

One of the goals in peri-implantitis therapy is the total elimination of patho-
gens allowing the tissue to regenerate. As a final result, re-osseointegration is 
considered to be an essential outcome of peri-implantitis treatment that may be 
affected by different implant surface decontamination protocols. Experimental 
outcomes demonstrated partial peri-implant defect reconstruction and re-
osseointegration after performing PDT for SLA implant surface decontamination 
combined with or without guide bone regeneration (GBR) and collagen membrane 
[90]. One of the earliest experimental studies evaluated the ability of  
PDT to re-osseointegrate peri-implantitis defects around a variety of implant 
surfaces utilizing GBR and polytetrafluoroethylene membrane [91]. Study results 
indicated that the TPS surface showed a greater re-osseointegration rate than HA 
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implant surface. Based on these findings, PDT may have potential effects in peri-
implantitis treatment with a potential to lead to re-osseointegration. Different 
bone grafts application in filling peri-implant defects might contribute to clinical 
outcomes improvement that may be an explanation for earlier interpreted clinical 
results.

Nevertheless, decontamination of implant surfaces aims to recreate the condi-
tions that existed before infection or after the implant was placed and integrated. 
Hence, in order to achieve re-integration, and considering implant topography as 
well, both micro- and macro-design need to be almost identical to what existed before 

T0 S1 S2 T1 T2 T3

P.g. 4 (14) 8 (29) 0 (0)¥ 0 (0)¥ 0 (0) 0 (0)

P.i. 5 (17.9) 6 (21.4) 0 (0)¥ 0 (0)¥ 0 (0) 0 (0)

P.s. 5 (17.9) 3 (10.7) 0 (0)¥ 0 (0)¥ 0 (0)¥ 2 (7.1)

F.n. 1 (3.6) 4 (14.3) 0 (0)¥ 0 (0) 0 (0) 0 (0)

A.n. 2 (7.1) 8 (29) 0 (0)¥ 3 (10.7) 2 (10.7) 3 (10.7)

V. 9 (32.1) 9 (32.1) 2 (7.1)¥ 2 (7.1) ¥ 5 (17.9) 7 (28)

S.a. 0 (0) 3 (10.7) 0 (0) 0 (0) 0 (0) 0 (0)

A.o. 1 (3.6) 0 (0) 0 (0) 3 (10.7) 3 (10.7) 2 (7.1)
¥Statistically significant change from baseline, three, six and 12 months after therapy, and also before and after implant 
surface decontamination during surgical procedure by Cochran Test, p < 0.05;
T0 – isolated bacteria form peri-implant pocket before any treatment; T1, T2, T3- isolated bacteria form peri-implant 
pocket three, six and 12 months postoperatively; S1 and S2– isolated bacteria from implant surface decontamination 
before and immediately after decontamination followed by PDT during surgical therapy;  
P.g. - Porphyromonas gingivalis; P.i.- Prevotella intermedia; P.s. - Peptostreptococcus spp.; F.n.- Fusobacterium 
nucleatum; A.n.- A. naeslundii; V.- Veillonella spp.; S.a.- Staphylococcus aureus; A.o.- A. odontolyticus.

Table 1. 
Number (n) of culture-positive implants at baseline and culture-negative after selected bacteria decontamination 
with photodynamic therapy.

Parameter Baseline 3 months 6 months 12 months p-value

PPD (mm) 5.74 ± 1.55 3.26 ± 0.79 2.52 ± 0.92 2.52 ± 0.54 <0.001*

BOP 86 ± 19.5 0.67 ± 3.3 0.3 ± 1.1 0.67 ± 3.1 <0.001*

*Significant statistical difference measured before and after surgical therapy by T test;

Table 3. 
Mean pocket probing depth (PPD) ± SD, and mean bleeding on probing (BOP) for each implant at baseline and 
three, six and 12 months later.

Implant surface Number (N)

Acid washed surface, MTX 10%

Titanium-oxide layer, TiUnit 47%

Osseospeed surface 16%

Machined polished surface 27%

Table 2. 
Percentage of various implant topographies decontaminated by photodynamic therapy.
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the implant was placed enhancing osteoblast stimulation and creating re-novel BIC. 
Accordingly, peri-implantitis requires special consideration in determining the appro-
priate decontamination methods since there are no standard treatment protocols. 
Consequently, more clinical trials are required to determine the efficacy of proposed 
decontamination methods for implant surfaces, with or without regenerative and 
resective methods.

3. Conclusion

Implant micro- and macro-design could be possible risk factors in peri-implantits 
onset or progression. Various implant surfaces may lead to peri-implantitis. In addi-
tion, choosing the right decontamination method could be influenced by the very 
implant surface. Mechanical methods coupled with PDT or a chemical method such as 
CHX and H2O2 may be effective in peri-implantitis treatment. Antibiotics administra-
tion in peri-implant treatment, on the other hand, must be taken with caution. Laser 
decontamination of implant surfaces is indicated provided that all parameters neces-
sary for successful treatment are respected.
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Chapter 13

Peri-Implantitis Revisited
Amer Shatta and Sukumaran Anil

Abstract

Dental implants have become a well-accepted treatment option for patients with 
partial or complete edentulism. The long-term success of the endosseous dental 
implant depends not only on osseointegration, but on the healthy soft tissue interface 
that surrounds the implant. Peri-implantitis is defined as an inflammatory process 
affecting the supporting hard and soft tissue around an implant in function, leading 
to loss of supporting bone. Peri-implant mucositis has been defined as a reversible 
inflammatory reaction in the peri-implant mucosa surrounding an osseointegrated 
dental implant. Peri-implant mucositis is assumed to precede peri-implantitis. Data 
indicate that patients diagnosed with peri-implant mucositis may develop peri-
implantitis, especially in the absence of regular maintenance care. However, the 
features or conditions characterizing the progression from peri-implant mucositis 
to peri-implantitis in susceptible patients have not been identified. The most com-
mon etiological factors associated with the development of peri-implantitis are the 
presence of bacterial plaque and host response. The risk factors associated with 
peri-implant bone loss include smoking combined with IL-1 genotype polymorphism, 
a history of periodontitis, poor compliance with treatment and oral hygiene practices, 
the presence of systemic diseases affecting healing, cement left behind following 
cementation of the crowns, lack of keratinized gingiva, and previous history of 
implant failure There is strong evidence that there is an increased risk of developing 
peri-implantitis in patients who have a history of severe periodontitis, poor plaque 
control, and no regular maintenance care after implant therapy. Management of 
peri-implantitis generally works on the assumption that there is a primary microbial 
etiology. Furthermore, it is assumed that micro-organisms and/or their by-products 
lead to infection of the surrounding tissues and subsequent destruction of the alveolar 
bone surrounding an implant. A combination of surgical, open debridement, and 
antimicrobial treatment has been advocated for the treatment of peri-implantitis. 
Surgical intervention is required once a patient has bleeding on probing, greater than 
5 mm of probing depth, and severe bone loss beyond that expected with remodel-
ing. Access flaps require full-thickness elevation of the mucoperiosteum, facilitating 
debridement and decontamination of the implant surface via hand instruments, 
ultrasonic tips, or lasers. When necessary, surgical procedures may be used in con-
junction with detoxification of the implant surface by mechanical devices, such as 
high-pressure air powder abrasion or laser.

Keywords: dental implant, peri-implant disease, peri-implant mucositis,  
peri-implantitis, periodontitis, risk factors
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1. Introduction

Dental implants have become a well-accepted treatment option for patients with 
partial or complete edentulism. The long-term success of the endosseous dental 
implant depends not only on osseointegration, but on the healthy soft tissue interface 
that surrounds the implant [1]. Dental implants are susceptible to disease, and they 
might develop inflammatory reactions, which might lead to peri-implant mucositis 
and/or peri-implantitis.

Peri-implant disease progresses quietly without pain and often starts with mar-
ginal bone loss. The factors responsible can be broadly classified as biological factors 
and biomechanical factors. The biological factors include progressive bone loss, 
bacterial infections, and microbial plaque [2]. Biological complications are grouped 
as early biological failures and late implant failures. The early failures are applied to 
inappropriate aseptic measures of the surgical implant [3], and late complications are 
typically infections caused by peri-implantitis and bacterial plaque. Peri-implantitis 
due to biomechanical factors are either prosthesis-related factors such as occlusal 
overload, residual cement, inadequate prosthetic placement, or inappropriate abut-
ment angle and bruxism [4].

2. Definitions

2.1 Peri-implant mucositis

Peri-implant mucositis is defined as inflammation of the peri-implant mucosa 
around an osseointegrated implant without loss of the supporting bone. Clinical signs 
of peri-implant inflammation are bleeding and/or suppuration on probing, with or 
without increased probing depths [5, 6].

2.2 Peri-implantitis

Peri-implantitis is defined as a pathological condition characterized by inflam-
mation in the peri-implant mucosa/connective tissue and progressive  
loss of the supporting bone around a dental implant. Clinical signs of peri-implan-
titis are bleeding and/or suppuration on probing, increasing probing depths, and/
or recession of the mucosal margin, in addition to radiographic bone loss compared 
to previous examinations. When a previous radiograph is not available, the follow-
ing is indicative for the diagnosis of peri-implantitis: bone loss >3 mm in combina-
tion with bleeding on probing and pocket depth > 6 mm [5].

3. Diagnosis of peri-implantitis

The advanced case of peri-implantitis can be identifiable with the evidence of 
radiographic bone loss, mobility, and clinical signs of infection. The challenge is to 
diagnose the early stage of peri-implantitis that will aid in the prevention of fur-
ther bone resorption and subsequent loss of the implant. Diagnosing peri-implant 
diseases using periodontal probing and radiographs may be inaccurate and only 
provides a historical record of past disease rather than current disease activity 
(Figure 1).
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Some of the clinical parameters used for the diagnosis are as follows [7]:

• Vertical destruction of the crestal bone,

• Formation of a peri-implant pocket >4 mm,

• Bleeding or suppuration after gently probing,

• Tissue redness and swelling,

• Mobility.

Developing biomarker technologies may offer possibilities in the diagnostic 
application. Although more research is needed, the assessment of proinflammatory 
cytokines (IL-1β, TNFα, MMP-8) in the peri-implant crevicular fluid may be of 
value to diagnose peri-implantitis and peri-implant mucositis but are, at this time, 
inappropriate to predict peri-implantitis because of the limited evidence of con-
trolled longitudinal clinical trials. MMP-8 is a promising biomarker as an early sig-
nal of peri-implant inflammation [8]. Commercially available chair-side diagnostic 
tests for MMP-8 to detect peri-implant diseases are promising. Elevated levels of 
MMP-8 in peri-implant crevicular fluid (PICF) are associated with peri-implant 
inflammation, while low MMP-8 levels (<20 ng/mL) indicate healthy peri-implant 
tissues. Pathologically elevated levels of MMP-8 (>20 ng/mL) can be detected by a 
quantitative MMP-8 chair-side device, ImplantSafe® [9].

4. Classification peri-implantitis

Currently, there is no standard classification system to classify the parameters and 
the severity of the peri-implant disease. Froum and Rosen [10] proposed a classifica-
tion for peri-implant disease based on the disease severity. This classification includes 
three clinical stages:

Early: Pocket depth (PD) ≥ 4 mm (bleeding and/or suppuration on probing) Bone 
loss <25% of the implant length.

Figure 1. 
The clinical and radiographic appearance of peri-implantitis.
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Moderate: PD ≥ 6 mm (bleeding and/or suppuration on probing) bone loss 
25–50% of the implant length.

Advanced: PD ≥ 8 mm (bleeding and/or suppuration on probing) bone loss >50% 
of the implant length.

Bleeding on probing should be noted on two or more aspects of the implant, and 
bone loss is measured on the radiographs from the time of prosthetic loading to the 
current time. If the radiograph at prosthetic loading is not available, the earliest avail-
able radiograph following loading should be used [11].

5. Pattern of bone loss in peri-implantitis

The pattern of bone loss in peri-implantitis is classified into vertical, horizontal, 
and combined bone loss. The most common pattern of bone loss is vertical (65%) and 
then horizontal (22%), and the least common pattern is combined (13%) [11].

6. Prevalence of peri-implantitis

The prevalence of peri-implant mucositis and peri-implantitis has ranged from 
19 to 65% and 1 to 47%, respectively [12, 13]. A systematic review revealed that the 
frequency of peri-implant mucositis was 63.4% on the patient level and 30.7% on 
the implant level. The peri-implantitis prevalence was 18.8 and 9.6%. In smokers, the 
frequency of peri-implantitis increased to 36.3% [11]. The prevalence of peri-implant 
mucositis at the patient level varied between 1.1 and 80% [14–19]. The prevalence of 
peri-implantitis at the patient level ranged from 1.4 to 53.3% [14, 15, 17–26].

7. Etiology of peri-implantitis

Peri-implantitis is a result of biofilm-induced inflammation in the soft tissue 
that subsequently triggers a host response, with possible tissue degradation [27]. 
Peri-implantits inflammation is initiated by the accumulated bacterial biofilm. The 
development of disease was initially studied in an experimental gingivitis model in 
animals (dogs) and humans, and a cause-effect relationship between de novo plaque 
formation and peri-implant mucositis was observed [28, 29].

Histopathological, the early biofilm-induced inflammatory host response in muco-
sitis is comparable to that in gingivitis, but the lesion of the inflammatory connective 
tissue (ICT) is larger and extends apically to the junctional epithelium. The established 
biofilm results in a more pronounced host response, and the extension of the ICT 
lesion is even larger in size than that in gingivitis, with the increased amounts of 
inflammatory cells in peri-implant mucositis [30]. The inflammation is reversible after 
biofilm removal, and no difference between implant systems has been observed [29, 
31, 32]. Peri-implantitis lesions investigated in experimental ligature-induced peri-
implantitis in a dog model presented more aggressive tissue degradation at the implant 
site than teeth with periodontitis. A larger inflammatory infiltrate extending close to 
the crestal bone and more bone-resorbing osteoclasts were observed at the implant 
site. Spontaneous progression after ligature removal varied with different implant 
surfaces [33, 34]. Peri-implant inflammation develops when microbes activate the 
host’s innate and adaptive immune responses. Several cell types, such as epithelial cells, 
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fibroblasts, stromal cells, endothelial cells, and osteoblasts, release pro-inflammatory 
mediators, such as cytokines and chemokines, to recruit leukocytes. Leukocytes are 
recruited from blood vessels and tissues. Human biopsies revealed that the propor-
tion of vascular structures was smaller within the peri-implant ICT lesion and greater 
lateral to the peri-implant ICT than reported for periodontitis lesions. Neutrophil 
granulocytes (polymorphonuclear neutrophils [PMNs]) and monocytes/macrophages 
are prevalent close to the sulcus epithelium in the peri-vascular area and the center of 
the ICT. Although the ICT lesion is dominated by T and B lymphocytes and plasma 
cells, the inflammatory lesion has a more acute character in peri-implantitis than in 
chronic periodontitis, with a larger proportion of PMNs and macrophages [35–37].

8. Risk factors associated with peri-implantitis

8.1 Poor plaque control and lack of regular supportive therapy

Poor plaque control and a lack of regular supportive therapy constitute the risk 
factors for developing peri-implantitis. A 5-year follow-up revealed a lower incidence 
of peri-implantitis with regular supportive care [20]. A 10-year follow-up study also 
revealed that patients on a regular maintenance program had less chances of develop-
ing peri-implantitis [38].

8.2 History of periodontitis

Patients who have lost teeth from periodontitis are treated with implants, and 
these patients may be more at risk of peri-implantitis disease. There is strong evidence 
from longitudinal and cross-sectional studies that a history of periodontitis consti-
tutes a risk factor for peri-implantitis. Systematic reviews have indicated that subjects 
with a history of periodontitis are at greater risk of peri-implant disease. Long-term 
follow-up studies also revealed a correlation between peri-implantitis development 
with periodontitis [38–40].

8.3 Genetic traits

Genetic trait studies are scarce, and the overall evidence is limited and inconclusive. 
The most thoroughly investigated genetic factor is interleukin (IL)-1 composite gene 
polymorphism [41]. The genetic traits can influence susceptibility to peri-implantitis 
development in periodontitis patients, even if the inflammatory condition is under 
control at the time of implant placement. IL-1RN gene polymorphism was proposed as 
a risk factor for peri-implantitis [42]. The IL-1 genotype in combination with smoking 
was observed to affect implant failure [43]. The vascular endothelial growth factor 
(VEGF) may play a protective role in marginal bone loss, that is, peri-implantitis [36].

8.4 Diabetes mellitus

Based on the available data, no association was found between diabetes and peri-
implantitis. Although the role of distinct physiological mediators in pathogenesis is 
not fully understood, evidence suggests that pro-inflammatory gene expression in 
peri-implantitis regions is affected by glycemic control [44]. Patients with diabetes 
mellitus are more prone to peri-implantitis than non-diabetic subjects, and the poor 
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metabolic control has been shown to provide a more favorable environment for infec-
tion and loss of implants [45]. Controlling the blood sugar level is critical in increas-
ing the implant success rate in diabetic patients [46].

8.5 Smoking

Smoking has a detrimental effect on tissue healing. Nicotine can reduce the 
nutrition to the tissues as a result of its vasoconstrictive effect on the blood vessels 
during the early osseointegration phase. Based on the available studies, smoking can 
be considered as a greatest identifiable risk factor for peri-implantitis. The extent 
of osseointegration as well as the plaque accumulation around dental implants was 
compromised among csmokers. A 10-year cohort study reported that peri-implantitis 
developed for 28% of all implants in smokers, while the corresponding incidence was 
6% of all implants in non-smokers [39]. Several cross-sectional studies also showed 
a higher prevalence of peri-implantitis among smokers [15, 47, 48]. A systematic 
review of prospective and retrospective studies indicated an enhanced risk of biologi-
cal complications among smokers; similarly, a meta-analysis indicated an enhanced 
risk of implant failure among smokers [49]. Studies indicate smoking as the greatest 
identifiable and most often cited risk.

8.6 Keratinized mucosa

Compared to sites with a keratinized mucosa of greater than 2 mm, sites with 
a keratinized mucosa of less than 2 mm are associated with plaque accumulation 
followed by peri-implant inflammation in the soft tissue and radiographic bone loss 
[50]. The evidence is limited and controversial that the absence of a keratinized 
mucosa is a risk factor for peri-implantitis, but this factor may negatively affect self-
performed oral hygiene (Figure 2) [50].

8.7 Excess cement and over-contoured supra-structures

Potential risk indicators that are indirectly related to plaque accumulation have been 
proposed; for example, constructions with excess cement may result in a higher preva-
lence of peri-implantitis than screw-retained constructions [51]; similar results were 

Figure 2. 
A. Case showing lack of keratinized gingiva in the implant site. B. After gingival augmentation.
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reported for over contoured crowns and supra-structures [52]. A wide emergence profile 
in the restoration contour was reported to cause an unhealthy state (Figure 3) [53].

8.8 Implant-related factors

The titanium particles from the implant surface may be present in the tissues after 
implant placement and may enhance infection-induced inflammation and activate 
macrophages [54]. Implant surface characteristics vary in terms of topography, surface 
roughness, and chemical composition. Currently, most implants have a moderately rough 
surface with improved bone responses during initial healing after implant placement [55]. 
Marginal bone loss was found to be greater when implants with rough surfaces were used, 
and turned surfaces generally demonstrated the smallest marginal bone loss [56, 57].

8.8.1 Implant platform switching

The platform switch concept might influence the marginal bone loss. The theory is 
that the micro-gap is displaced medially causing less bone loss (Figure 4) [58–60].

8.8.2 Implant installation

It is advisable to have a minimum thickness of 2-mm bone in the anterior region 
and at least 1 mm in the posterior region to reduce soft and hard tissue loss. The quality 
of bone in the region of implant placement is an important factor for the success [61].

8.9 Overload

Clinical signs of occlusal overloads, such as abutment fracture, loss of retention 
and/or signs of abrasive forces on supra-structures, seem to be an indirect but potential 
risk. The factors related to occlusal overload are probably related to the location of the 
implant, the deviation of the axis of the implant, and the incompatibility of the implant 
dimensions and the prosthesis. Occlusal overload can lead to bone loss around the osseo-
integrated implants [4]. However, the evidence is limited concerning overload and its 
influence on the onset or progression of peri-implantitis [41, 62]. In a dog model, occlu-
sal overload did not induce marginal bone loss in implants with a healthy mucosa [63].

Figure 3. 
A case of peri-implantitis consequent to over-contoured restoration.
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8.10 Parafunctional habits-bruxism

Bruxism is a movement disorder of the masticatory system that is characterized 
among others by teeth grinding and clenching during sleep as well as during wakeful-
ness. Since there is no periodontal ligament between the implant and surrounding 
bone, the occlusal load is directly transmitted [64]. Even though bruxism is likely to 
be a risk factor for mechanical complications in the implant periphery, it is unlikely to 
be a potential risk factor for biological complications [65].

8.11 Alcohol consumption

Alcohol consumption was investigated in one prospective study, which showed 
that an intake of more than 10 g of alcohol per day was related to peri-implantitis 
bone loss, as well as tobacco use, plaque, and inflammation [66].

8.12 Iatrogenic factors

The proposed potential risk of iatrogenic factors for the initiation and progression 
of peri-implantitis caused by implant mal-positioning, surgical trauma, and inad-
equate restoration abutment seating has not yet been clearly investigated [67].

9. Treatment

9.1 Treatment of peri-implant mucositis

The main goal is to detoxify the contaminated implant surface. Peri-implant mucositis 
can be managed by non-surgical methods. Methods such as mechanical implant cleaning 
with titanium or plastic curettes, ultrasonics, or air polishing can be used. Photodynamic 

Figure 4. 
Platform switching to prevent marginal bone loss and peri-implantitis.
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therapy as well as local antiseptic medication such as chlorhexidine gluconate, hydrogen 
peroxide, sodium percarbonate, and povidone-iodine can be used [68–70].

9.2 Treatment of peri-implantitis

The management of peri-implantitis relies on strategies of disinfection such as 
debridement with curettes and use of local/systemic broad-spectrum antibiotics 
associated or not with anti-infective solutions, such as used for chemical plaque 
control. The strategy is to disinfect and to reduce the inflammation as well as res-
toration of the peri-implant tissue lost due to the disease progression, usually with 
regenerative approaches using biologics and/or growth factors. The treatment of 
peri-implant infections comprises conservative and surgical approaches. Depending 
on the severity of the peri-implant disease, either a nonsurgical therapy alone or a 
combined with the surgical method can be used to resolve the situation.

9.3 Non-surgical therapy

Manual treatment approaches using curettes, ultrasonic and air polishing systems, 
laser-supported, and photodynamic therapy are used along with medications.

9.4 Mechanical therapy

The bleeding from the site can be controlled either with piezoelectric scalers as well as 
with hand instruments [71]. The manual curetting of the area can be done using special 
curettes made of Teflon, carbon, plastic, and titanium curettes than the conventional 
curettes to protect the implant surfaces [72, 73]. The efficiency of the ultrasonic curet-
tage can be supplemented with the air polishing systems [74–77]. Though the abrasive air 
polishing medium can modify the surface of implants, the cell response and healing were 
compromised probably due to the contamination of the implant surface [74, 76]. The 
extent of re-osseointegration of titanium implants after air polishing therapy has been 
reported between 39 and 46% with increased clinical implant attachment and pocket 
depth reduction [75]. The air polishing systems such as hydroxylapatite/tricalcium 
phosphate, hydroxylapatite, glycine, titanium dioxide, water and air, phosphoric acid 
can be used depending on the surface topography of implants [74, 77].

9.5 Decontamination of the surface of the implant

Decontamination of the root surface is done by various methods such as air pow-
der flow, saline wash, citric acid, laser, and hydrogen peroxide [78]. The electrochem-
ical decontamination of the surface of the implant is an innovative technique that is 
being tested in preclinical studies [79]. Rubber cups have been shown to smoothen 
the titanium surface and significantly decrease roughness by removing surface debris. 
Polishing the implant surfaces with pumice and a rubber cup combined with irriga-
tion with chlorhexidine and systemic antibiotics results in the reduction of anaerobic 
bacteria and bleeding scores in patients with peri-implantitis [80].

9.6 Laser therapy

Laser treatment using CO2, diode-, Er:YAG- (erbium-doped: yttrium-
aluminum- garnet), and Er, Cr: YSGG- (erbium, chromium-doped: 
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yttrium-scandium-gallium-garnet) lasers are used in the treatment of peri-implant 
diseases [81, 82]. The use of Er:YAG lasers showed significantly better results than 
mechanical methods in terms of bleeding at peri-implantitis [83]. Er:YAG and Er, Cr: 
YAG with a wavelength of 3 microns can reduce biofilms up to 90%, but in contrast 
to most mechanical therapies, any biological compatibilities and cell stimulatory 
properties cannot be re-induced [84]. The CO2 excimer laser was effective in reducing 
the anaerobic bacteria [85].

9.7 Photodynamic therapy

Photodynamic therapy has to be considered as an additional treatment option in 
peri-implantitis. Photodynamic therapy generates reactive oxygen species by multiplicity 
with help of a high-energy single-frequency light in combination with photosensitizers. 
In a wavelength range of 580–1400 nm and toluidine blue-concentrations between 10 
and 50 μg/mL, photodynamic therapy generates bactericide effects against aerobic and 
anaerobic bacteria such as Aggregatibacter actinomycetemcomitans, Porphyromonas gingiva-
lis, Prevotella intermedia, Streptococcus mutans, Enterococcus faecalis [86, 87]. An improve-
ment in both clinical attachment and the bleeding index was observed on a moderate and 
severe peri-implantitis with phototherapy [88]. Photodynamic therapy has been tried as 
an adjunctive to manual debridement and local chemotherapeutic agents [89].

9.8 Surgical therapy

Surgical techniques may include open flap debridement with removal of the 
inflammatory tissue as well as mechanical and chemical decontamination of the 
exposed implant surface. Recontouring of the bony architecture and smoothing of 
the implant surface may improve infection control [90]. The surgical flap helps in 
comprehensive debridement and decontamination of the affected implant. The surgi-
cal resection is generally confined to implants placed in non-esthetic sites [91].

9.9 Regenerative approaches

Regenerative procedures using a membrane and bone graft substitutes attempting 
to partially fill the bony defects caused by peri-implantitis can be successful [92]. 

Figure 5. 
A case of peri-implantitis treated with bone augmentation.
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Therapy of peri-implantitis followed by regular supportive care resulted in favorable 
clinical improvements and stable peri-implant bone levels in the majority of patients 
according to a systematic review (Figure 5) [93].

9.10 Resective therapy

Resective surgery has been shown to be effective in the reduction of BOP, probing 
depths and clinical signs of inflammation. The basic principles include the elimina-
tion of the peri-implant osseous defect using ostectomy and osteoplasty as well as 
bacterial decontamination. Additionally, smoothening and polishing of the supra-
crestal implant surface may be done. Surgical pocket elimination and bone recontour-
ing in combination with plaque control before and after surgery showed effective in 
treating peri-implantitis [94].

10. Prevention and maintenance

Besides, a maintenance program with regular evaluation of the peri-implant 
probing depths, supportive professional implant cleaning, and oral hygiene training 
should be an integral part of every post-operative care after implant insertion [95]. 
The establishment of an adequate oral hygiene should, therefore, be considered as the 
key issue of the prevention of peri-implantitis infections.

11. Conclusion

Peri-implantitis is an inflammatory disease of microbial origin causing bone 
loss around the implant, which could lead to the loss of the implant. The etiology 
of peri-implantitis is associated with a complex microbial biofilm and risk factors 
such as smoking and diabetes. Occlusal overloading, osteoporosis, and other factors 
compromising the surgical site might adversely affect the severity of the destruction 
of the peri-implant tissue. Several surgical and non-surgical therapeutic approaches 
have been proposed to manage this complex-multifactorial condition. Anti-infective 
and regenerative therapeutic strategies were used to restore the peri-implant health as 
well as to achieve new bone-to-implant contact.
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Chapter 14

Prosthetic Concepts in Dental 
Implantology
Ivica Pelivan

Abstract

This chapter will address evidence-based prosthetic concepts in dental implantol-
ogy as well as clinical evidence with focus on appropriate logic and technical skills. 
Those prosthetic factors are as just important as surgical factors, and long-term 
success can only be achieved if both of those factors are considered, respected, and 
strictly followed from planning to prosthetic phase of treatment. This chapter will 
deal with materials selection for prosthetic part, shape, size, and design of supra-
crestal parts of abutments and their influence on soft tissue and bone stability around 
dental implants. Furthermore, one of most important decisions is about choosing 
the proper way of retention: screw- vs. cement-retained restorations, and it will be 
discussed in detail. Additionally, emergence profile and its function in soft tissues 
adaptation and adhesion to different prosthetic materials also have important role in 
long-term success of dental implant restorations.

Keywords: materials selection, dental implant abutment, screw-retained restoration, 
cement-retained restoration, emergence profile

1. Introduction

In contemporary implant prosthodontics, proper treatment planning prior to den-
tal implant placement is equally important as the prosthetic factors. The good work of 
oral surgeon could be easily ruined by poor prosthodontic execution, thus changing 
the dental implant therapy success into therapy failure.

For decades, the scientific literature identified the following criteria for the 
survival and success of dental implant-based prosthetic rehabilitation:

1. Implant survival: At the time of measurement, the implant is in situ and loaded.

2. Implant success is determined using the Albrektsson criteria [1] with the follow-
ing modifications: Adell [2], Buser et al. [3], Mombelli and Lang [4], and Misch 
et al. [5].

• Implant placed in situ and loaded; no chronic discomfort; no nerve lesion; no 
peri-implant infection with suppuration; no mobility; no continuous peri-
implant radiolucency [1, 3].
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• No probing depth greater than 5 mm in the presence of a bleeding index 
of 3 [4].

Absence of radiographic peri-implant bone resorption greater than 1.5 mm in the 
first year of function [2] and greater than 0.2 mm in subsequent years (i.e. 1.7 mm 
after 2 years); alternative cut-off values for radiographic bone resorption after 2 years 
of 2 mm (I. Success) and 4 mm (II. Satisfactory Survival) were also evaluated [5].

Currently, implant success is defined by these three criteria [6]:

1. Annual bone lose not more than 0.2 mm,

2. Periodontal probing depth (PPD) no greater than 5–7 mm,

3. No bleeding on probing.

These criteria are based on older studies, previous dental implant designs and 
restorations that are not biocompatible, and they might need to be re-evaluated. 
Porcelain fused to metal (PFM) restorations lack the biocompatibility of zirconia, 
which is widely used today, and current concepts allow bone stability or even growth 
over time. Therefore, the expected 1.5 mm loss after 1 year and subsequent gradual 
resorption can be considered relicts of the past [6].

2. Cemented vs. screw-retained restorations

The debate between cemented and screw-retained dental implant restorations 
is old as the implant prosthodontics itself. There are also different opinions in the 
scientific literature. Studies have shown that there are no significant differences in 
survival between the two methods, but screw connection has shown a total of fewer 
technical and biological complications [7]. But, from the clinical perspective, all 
cemented dental implant restorations should be checked very meticulously for any 
cement remnants. Even after many years of function, cement remnants can cause 
peri-implant mucositis which if undetected and untreated can lead to peri-implantitis 
with severe crestal bone loss around dental implants (Figure 1). This bone loss is the 

Figure 1. 
Dental implant with cement-retained PFM crown; left image—immediately after delivery with no cement 
remnants visible on the radiograph; right image—patient did not come for regular follow-ups until he noticed 
bleeding while using dental floss, 9 years later. Unfortunately, dental implant needed to be removed due to severe 
bone loss.
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clinical issue which we are trying to avoid by careful treatment planning and precise 
execution of clinical and laboratory procedures.

Even when using screw-retained restoration, we can witness crestal bone loss 
around dental implants. This can be caused by the inappropriate size and/or shape of 
titanium base. Too short or too wide titanium base profile for screw-retained crown 
can compromise transitional zone of connective tissue and junctional epithelium 
around dental implant restoration leading to crestal bone loss (Figure 2).

The difference in two titanium base height and screw-retained crowns is clearly 
visible in Figure 3. The impact of different titanium base as well the slight changes in 
emergence profile shape on the crestal bone level and density in a period of 3 months 
is shown in Figure 4.

Nevertheless, the clinical success of dental reconstructions is determined not only 
by survival rates, but also by the number of technical or biological complications 
that develop during clinical function. The optimum materials and techniques for 

Figure 2. 
The story of dental implant system, which was newly introduced to the market, with only one available titanium 
base height at that time (0.5 mm). Subsequent radiographs from top left to bottom right: initial situation; 
immediately after dental implant placement in augmented socket (two-stage surgery); second stage surgery and 
healing abutment; at the time of crown delivery (highly polished CAD/CAM zirconia abutment with laboratory 
cemented screw-retained lithium disilicate crown); 2 years follow-up with crestal bone loss; final radiograph 
at the time of new crown delivery (1.5 mm high titanium base was available on the market and micro-layered 
screw-retained zirconia crown with polished subgingival part was made in hope to prevent further crestal 
bone loss).
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implant-borne reconstructions are frequently debated to increase clinical outcomes. 
One of the current discussions is about the best fixation method between the implant 
and the reconstruction. For a patient-centred clinical approach, it is currently uncer-
tain whether cementation or screw retention is the superior option for restoring dental 
implants. In clinical practice, both cementation and screw retention appear to have 
advantages and disadvantages. Clinically and technically, cemented implant recon-
structions are quite similar to tooth-borne reconstructions. As a result, they may be 
easier to make and handle in the mouths of patients. However, prefabricated cement-
onto or even custom abutments are required. Recently, CAD/CAM  
(computer-aided design/computer-aided manufacture) technologies enable a wide 
range of customized abutments to be used, and cemented reconstructions have 
become the preferred choice in many clinical settings. The difficulty in removing extra 
cement from cemented crowns and FDPs is one of their drawbacks. More worrying, 
excess cement has been demonstrated to cause peri-implantitis in the clinical setting 
[8]. Another notable disadvantage of cemented reconstructions is that, in the event of 
a problem, they are difficult or impossible to remove without causing damage, such as 
in the case of technical complications.

Figure 3. 
Left: screw-retained crown with 0.5 mm high titanium base; right: screw-retained crown with 1.5 mm high 
titanium base for the patient in Figure 2.

Figure 4. 
Left: final radiograph at the time of new crown delivery; right: 3 months’ follow-up radiograph with clearly 
visible bone remineralization and bone density increase around dental implant neck.



287

Prosthetic Concepts in Dental Implantology
DOI: http://dx.doi.org/10.5772/intechopen.104725

The retrievability of screw-retained reconstructions, on the other hand, is a 
big advantage. Furthermore, biological issues are extremely unlikely to arise if the 
reconstruction is well-fitting. Because the position of the screw access hole and 
the surrounding material parameters of the suprastructure must be considered, 
the horizontal and angular positioning of the implant is more delicate and has less 
tolerance than when employing screw-retained reconstructions. The fixation screw 
opening should ideally be located in a non-visible palatal or oral location, which is 
only possible if a suitable implant site and angulation are available. Furthermore, 
screw-retained reconstructions require more technical production because the 
reconstruction core must constantly be customized. Technical issues such as retaining 
screw loosening or veneering ceramic fracture have been clinically observed.

It is indeed difficult to choose between the two types of reconstructions, and it 
quite often comes down to personal preference rather than scientific data.

In a systematic review published by Sailer et al. [9], it was discovered that cemented 
restorations cause much higher bone loss than screw-retained restorations. From a total 
of 4511 titles, 59 clinical studies were chosen for this review, and the data were retrieved 
and analysed. For cemented single crowns, the estimated 5-year reconstruction survival 
was 96.5%, for screw-retained single crowns it was 89.3% (P = 0.091 for difference). 
The 5-year survival for cemented partial fixed dental prostheses was 96.9%, similar 
to the one for screw-retained partial fixed dental prostheses with 98% (P = 0.47). For 
cemented full-arch partial fixed dental prostheses, the 5-year survival was 100%, which 
was somewhat higher than that for screw-retained FDPs with 95.8% (P = 0.54). The 
projected cumulative incidence of technical problems over a 5-year period was 11.9% 
for cemented single crowns and 24.4% for screw-retained crowns. In comparison to 
the cemented partial fixed dental prostheses, a tendency towards decreased complica-
tion was observed with the screw-retained partial fixed dental prostheses (partial 
fixed dental prostheses cemented 24.5%, screw-retained 22.1%; full-arch partial fixed 
dental prostheses cemented 62.9%, screw-retained 54.1%). Biological problems such as 
marginal bone loss greater than 2 mm occurred more frequently with cemented crowns 
(incidence: 2.8%) than with screw-retained crowns (5-year incidence: 2.8%) (5-year 
incidence: 0%).

This study found that both types of reconstructions had varied effects on clinical 
outcomes and that neither fixation approach was clearly superior to the other. Screw-
retained reconstructions had more technical issues, while cemented reconstructions 
had more substantial biological consequences (implant loss, bone loss >2 mm). 
Screw-retained reconstructions are more easily retrievable than cemented recon-
structions, allowing for easier treatment of technical and biological difficulties. These 
reconstructions appear to be preferred for this reason, as well as their apparent higher 
biological compatibility.

In contrary, Nissan et al. published a study that compared the long-term outcomes 
of cement versus screw-retained implant supported partial dentures in a randomized 
controlled trial and found that cement-retained FPDs had a better outcome [10]. 
The study group consisted of consecutive patients with bilateral partial posterior 
edentulism. In a split-mouth design, implants were placed and cemented or screw-
retained restorations were randomly assigned to the patients. Examinations for 
follow-up (up to 15 years) were done every 6 months in the first year and every 12 
months in the following years. Ceramic fracture, abutment screw loosening, metal 
frame fracture, Gingival Index and marginal bone loss were all assessed and reported 
at each recall appointment. Total of 221 implants were used to support partial pros-
thesis in 38 individuals. No implants were lost throughout the follow-up period (mean 
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follow-up, 66 47 months [range, 18–180 months] for screw-retained restorations and 
61 ± 40 months [range, 18–159 months] for cemented restorations). Ceramic frac-
ture occurred substantially more frequently (P.001) in screw-retained restorations 
(38% ± 0.3%) than in cemented restorations (4% ± 0.1%). Abutment screw loosening 
occurred statistically substantially more frequently (P = .001) in screw-retained res-
torations (32% ± 0.3%) than in cement-retained restorations (92% ± 0.2%). Neither 
technique of restoration resulted in metal framework fractures. The mean Gingival 
Index scores for screw-retained (0.48 ± 0.5) restorations were statistically substan-
tially higher (P.001) than for cemented (0.09 ± 0.3) restorations. The mean marginal 
bone loss was statistically considerably greater (P.001) for screw-retained restorations 
(1.4 ± 0.6 mm) than for cemented restorations (0.69 ± 0.5 mm).

The long-term clinical and biological outcomes of cemented implant-supported 
restorations were found to be better to screw-retained restorations in this study. With 
such contradictory facts, it is difficult to determine which technique is superior. The 
choice between cement-retained and screw-retained restorations might be philo-
sophical. By opting for cemented restorations, the clinician accepts responsibility for 
removing all cement residues. Peri-implantitis caused by cement remnants is entirely 
an iatrogenic condition with no delegation of responsibility to the patient’s oral 
hygiene habits.

Whether we use standard abutments or custom CAD/CAM abutments, the 
cementation margin is critical. One of the most common causes of cement residues in 
soft tissues around dental implant restorations is the widespread clinical practice of 
setting the implant restoration margin too deep subgingival for aesthetic reasons.

This is typically done to conceal the abutment-crown interface and to allow for 
eventual peri-implant soft tissue recession. When the margin is deeper than 1.5 mm 
below the soft tissue level, according to one of the Academy of Osseointegration’s 
consensus statements, the risk of cement residues is significant [11]. Furthermore, the 
American Academy of Periodontology recently included residual cement to the list of 
risk factors for peri-implant mucositis and peri-implantitis [12]. The key challenge is 
where to put the cementation margin and how deep it should be?

According to the literature, the margin depth should be deep enough to conceal 
the margin yet shallow enough to allow residual cement to be removed. Because it is 
difficult to identify the exact ideal cementation margin depth, this statement does 
not provide sufficient information for safe and successful everyday clinical practice. 
To identify a safe margin for cementation, several laboratory and clinical trials were 
conducted.

The study conducted by Linkevicius et al. sought to determine the amount of 
cement that remained undiscovered following cementation and cleaning of implant-
supported restorations [13]. Fifty-three single implant-supported metal-ceramic 
restorations were used to treat 53 patients. A periodontal probe was used to assess the 
subgingival location of each implant’s margin mesially, distally, buccaly and lingually, 
giving 212 measurements. The data were separated into four groups: tissue level (14 
samples), 1 mm subgingivally (56 samples), 2 mm (74 samples) and 3 mm (68 sam-
ples) below the tissues contour. Metal-ceramic restorations with occlusal holes were 
made and resin-reinforced glass-ionomer was used to bond them to conventional 
abutments. After cleaning, a radiograph was taken to determine if all of the cement 
had been removed. After that, the abutment and crown complex were unscrewed for 
testing. Adobe Photoshop was used to analyse the photographs of all quadrants of the 
specimens and peri-implant tissues. Two proportions were determined: (1) the area of 
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cement remnants relative to the overall area of the abutment/restoration; and (2) the 
area of cement remnants relative to the total area of the implant soft tissue contour.

Excess on the crown groups were group-1 (0.002 ± 0.001); group-2 
(0.024 ± 0.005); group-3 (0.036 ± 0.004) and group-4 (0.055 ± 0.007). The amount 
of undetected excess grew as the margin became deeper subgingivally (P = 0.000), 
and there was a significant difference between all groups (P 0.05). The soft tissue 
groups had the following remnants: group-1 (0.014 0.006), group-2 (0.052 0.011), 
group-3 (0.057 0.009) and group-4 (0.071 0.012). The increase in cement rem-
nants was statistically significant as well as the difference between groups 1 and 2. 
Radiographic examination revealed cement residues mesially in four cases of 53, or 7.5 
%, and distally in six cases of 53, or 11.3 %.

According to the findings of this investigation, the deeper the position of the 
margin, the more undetected cement was revealed. Dental radiographs should not be 
considered as a reliable method for cement excess evaluation.

Another study done by Linkevicius et al had the purpose to determine the rela-
tionship between patients with a history of periodontitis and development of cement-
related peri-implant disease [14]. Between 2006 and 2011, in private practice, 77 
patients with 129 implants were selected for this retrospective study from completed 
implant cases that were scheduled for routine maintenance or had mechanical or 
biological issues. Researchers analysed implants with extracoronal cement residues 
and implants without cement residues. The selected cases were then separated into 
two groups: implants in patients with a history of periodontitis (1) and implants in 
persons without a history of periodontitis (2). These groups were chosen based on 
the patient’s treatment history and orthopantomogram. As a control group, a set 
of 238 screw-retained implant restorations was investigated that were delivered to 
66 patients throughout the same period. The incidence of peri-implant disease was 
assessed in all implant groups.

In 62 of 73 implants with cement residues, peri-implant disease was seen (85%). 
All implants in group 1 developed peri-implantitis—four cases of early disease and 
35 cases of delayed disease. Twenty-one of 30 implants in the periodontally healthy 
group were diagnosed with peri-implant mucositis, 3 implants developed early 
peri-implantitis and 11 implants with cement remnants did not develop biological 
problems. Peri-implant illness was identified in 17 of 56 cases of implants without 
cement remains (30%). In comparison, just two occurrences of peri-implant disease 
were discovered in the control group of screw-retained restorations (1.08%).

This study concluded that implants with cement remnants may be more likely to 
develop peri-implantitis in individuals with a history of periodontitis than in patients 
without a history of periodontitis.

The literature established that each retention method has a number of advantages 
and disadvantages. However, there are some clinical situations in which one method 
of retention is preferable to the other. Shadid and Sadaqa’s review of the literature 
on screw-retained versus cement-retained fixed implant supported reconstruction 
identifies several clinical situations in which one method of retention is preferable to 
the other [15].

Clinical situations that prefer screw-retained restoration:

• Screw-retained large-arch implant reconstructions are preferred, as complica-
tions with these long-span prostheses are more common than with short-span 
prostheses.
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• Screw-retained cantilevered prostheses are preferred, as some maintenance of 
restorative structures or implants is likely to be required during the life of such 
prostheses.

• Screw-retained restorations are preferred in patients who are at a high risk of 
developing gingival recession. This enables their uncomplicated removal and 
subsequent modification of the restorations to reflect the changed circumstances.

• Screw-retained restorations are preferred in patients who are expected to lose 
additional teeth in the future. This is to facilitate the removal of the restorations 
and subsequent modification of the restorations.

• In situations where there is little interocclusal space, adequate retention for 
cement-retained restorations may be impossible, as these restorations require 
a vertical component of at least 5mm to provide retention and resistance form. 
However, screw-retained restorations can be used with as little as 4 mm of inter-
occlusal space. Additionally, screw-retained restorations can be directly attached 
to implants without the use of an intermediate abutment, reducing the amount 
of interocclusal space required for these restorations.

• In situations where it is difficult or impossible to remove excess cement (e.g. if 
the final restorative margin will be greater than 3 mm subgingivally, the use of 
screw-retained restoration is indicated). In this situation, an alternative to screw-
retained restoration is to fabricate a custom abutment for cement retention with 
a restorative margin that follows the gingival contours.

• Screw-retained restorations are preferred in cases where technical or biologic 
complications are anticipated, as they allow for easy removal of the restorations, 
thereby resolving the issues.

Clinical situations that prefer cemented restoration:

• Cement-retained restorations are preferred for single-unit and short-span 
implant restorations, assuming that implant table size, implant number and 
abutment screw torque can be optimized. In such cases, screw retention would be 
used only if the implant’s long axis was excessively palatal in the anterior region.

• Cement-retained crowns are preferred in cases involving small diameter crowns 
where screw access may jeopardize the crown’s integrity.

• Cement-retained restorations are preferred in situations where the occlusal 
surface will be compromised in terms of aesthetics or occlusal stability as a result 
of the presence of a restorative material sealing the screw access.

• If the divergence between the implant axis and the retaining screw of the angled 
abutment receiving the restoration is less than 17 degrees, conventional screw 
retention of the restoration using premachined abutments is not possible.

Very valuable information for clinicians was identified in a more recent review 
by Hamed et al, which comprised 12 clinical research (randomized controlled trials, 
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clinical trials, prospective studies and retrospective cohort studies) with at least 2 
years’ follow-up time and published between 2010 and 2020 [16]. One of the most 
important advantages of cement-retained restorations is it’s the passivity and simplic-
ity in manufacturing process in comparison with screw-retained restorations. This 
feature comes to light especially when zirconia is used as material for framework. 
The review indicates that the cement-retained implant approach is appropriate 
when enhanced predictability, a patient’s desire for superior aesthetic outcomes and 
a cost-effective method are present. Due to the significant complications associated 
with screw-retained restorations in terms of technical and prosthetic outcomes, 
cement-retained implant restoration results in more successful outcomes. Whereas 
a biological complication associated with the cemented implant promotes the use of 
screw-based implant reconstruction. Additionally, the screw-retained repair is more 
suitable for multiple unit implantation for patients with restricted inter-arch space. 
For instance, screw retention reconstruction is advised when inter-arch space is 
restricted (less than 4 mm) and retrievability is necessary. Similarly, cement retention 
can be used to compensate for inappropriately angled implants and when occlusion is 
easier to control without the hole.

It must be emphasized that prosthodontics plays a crucial role in maintaining 
mucosal homeostasis. Plaque accumulation and the soft tissue reaction are directly 
related to design, structural connections (screw-retained or cement-retained) and 
characteristics of materials. Proper prosthetic design with an appropriate emergence 
profile that promotes excellent oral hygiene and prevents plaque accumulation is 
unquestionably critical in preventing peri-implant mucositis [17]. According to de 
Tapia et al, when peri-implant tissue inflammation arises, the prosthetic design 
should be evaluated and, if necessary, adjusted to correct design issues that may 
obstruct good hygiene and to reduce biomechanical stress factors that may be 
involved [18].

3. Emergence profile

The ninth edition of the Glossary of Prosthodontic Terms (GPT9) defines 
‘emergence profile’ and ‘emergence angle’ identically for natural teeth and implant 
prosthesis [19]. Emergence profile is defined as the contour of a tooth or restoration, 
such as the crown on a natural tooth, dental implant or dental implant abutment, as it 
relates to the emergence from circumscribed soft tissues. Emergence angle is the angle 
between the average tangent of the transitional contour relative to the long axis of a 
tooth, dental implant or dental implant abutment.

However, extrapolating these words to implant prostheses remains ambiguous 
at the moment, as there are no established outcome metrics or protocols to support 
quantitative measurements. Emergence profile and emergence angle are currently 
defined in terms of ‘circumscribed soft tissues’. While these can be clearly character-
ized and quantified in the relatively narrow periodontal sulcus, they present consider-
able complications when it comes to implant measurements [20].

The term ‘implant supracrestal complex’ has been recently proposed in order to 
describe the anatomic complex of human tissue, mechanical components and bacteria 
extending through the transmucosal part of an implant prosthesis. The paradigm of the 
‘implant supracrestal complex’ aims to describe the human tissue in parallel with the 
design features of the implant-abutment-prosthesis complex and assists in identifying 
the role of design elements in health and disease of the peri-implant tissue [21]. The 
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review article by Mattheos et al. investigated seven focus questions regarding emer-
gence profile, emergence angle and/or ‘implant supracrestal complex’ [21]:

1. Is any particular design of the implant supracrestal complex’s emergence profile 
or emergence angle associated with an increased risk of peri-implant mucositis 
or peri-implantitis?

2. Is there evidence that peri-implant mucositis and peri-implantitis are more 
prevalent in bone-level implants than in tissue-level implants?

3. Is there evidence that certain components of the implant supracrestal 
complex increase the incidence of peri-implant mucositis or peri-implantitis by 
obstructing oral hygiene access?

4. Is there evidence that an increased risk of peri-implant mucositis or peri-im-
plantitis is associated with the ‘implant supracrestal complex’ tissue height (total 
vertical tissue height and/or peri-implant sulcus depth)?

5. Is there evidence linking the material used in the abutment and/or prosthesis to 
an increased risk of peri-implant mucositis or peri-implantitis?

6. Is there evidence that the design and placement of implant-abutment-prosthesis 
junctions are associated with an increased incidence of peri-implant mucositis or 
peri-implantitis?

7. Is there evidence that the kind of prosthesis retention (cement or screw) 
 increases the incidence of peri-implant mucositis or peri-implantitis?

The conclusions from this review article can be summarized as follows:

1. The highest rate of peri-implantitis (37.8%) occurred when a convex profile was 
combined with a restoration emergence angle of >30 degrees for the bone-level 
implants, but the same was not confirmed for tissue-level implants. The high-
est prevalence of peri-implantitis occurred in the combination of bone-level 
implants, emergence angle ≥30, convex profile and splinted-middle implant 
prosthesis.

2. Most of analysed studies did not find any significant difference in the prevalence 
of peri-implant mucositis/peri-implantitis or the respective clinical outcomes 
measures between tissue-and bone-level implants. Few of the analysed studies 
reported different prevalence of peri-implantitis between bone-level and tissue-
level implants, yet no statistical comparison was attempted or if then being 
statistically insignificant.

3. The complete resolution of inflammation in cases affected by peri-implant 
mucositis was achieved in 66.6% of the patients who were treated with additional 
prosthesis contour modification versus only in 9.6% of the patients who received 
standard peri-implant mucositis treatment. Modifying the contour of the 
prostheses to improve access for oral hygiene significantly improved the clinical 
outcomes after standard mechanical treatment of peri-implant mucositis.
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4. Sites with a shallow mucosal tunnel showed greater and faster resolution of 
inflammation after treatment compared with the deep ones.

5. Analysis of abutment material (titanium, zirconia or gold) and peri-implant tis-
sue health outcomes measures reported no, or insignificant, differences.

6. Results from different studies concluded that the use or not of intermediary 
abutments on an external connection implant was not found to have any influ-
ence on the prevalence of peri-implantitis after 5 years. Marginal bone loss was 
significantly lower at superstructures connected to abutments compared with 
those at implant level. No significant difference was found between abutments 
with different surface topography.

7. Of the five analysed papers which suggested a difference, two papers found 
cement-retained restorations to be related to higher risk of peri-implantitis, 
while two found cement-retained restorations to be related to higher risk of peri-
implant mucositis and one found screw-retained restorations to be related to 
higher risk of peri-implant mucositis.

Additionally, the authors state that there are insufficient data with bone-level implants 
to conclude that a large emergence angle in combination with a convex abutment or 
prosthesis may result in peri-implantitis. Additional study is necessary to characterize the 
emerging profile in respect to the real degree of peri-implant soft tissue and to interpret 
these results more accurately. A single randomized clinical study found no difference in 
the risk of peri-implant mucositis between tissue- and bone-level implants. Prosthesis 
modification may be an effective and necessary adjunct to anti-infective therapy for peri-
implant mucositis in implant-supported prostheses with limited access to oral hygiene. 
At the moment, there are no data to suggest that increasing the vertical height of the 
peri-implant soft tissues alone increases the risk of peri-implantitis. However, it has been 
shown that treating established peri-implant mucositis is more difficult in the presence 
of a deep peri-implant sulcus. It has not been shown that the presence or absence of a 
prosthetic abutment, or the material of the abutment (Titanium or Zirconia), alters the 
risk of peri-implantitis. The evidence relating the kind of prosthesis retained and the risk 
of developing peri-implantitis is equivocal.

From a clinical standpoint, properly shaped dental implant restorations are critical 
for the treatment’s aesthetics and biological success. The primary challenge is the shift 
from a round dental implant to the cervical shape of the missing tooth. This transition 
is accomplished through the use of implant abutments. Su et al. [22] characterized 
this contour as having two adjacent but distinct zones within the dental implant abut-
ment and crown, an apically located subcritical contour zone and a coronally located 
critical zone. The critical zone refers to the portion of the dental implant abutment 
and crown that lies between the free gingival margin and the deeper subcritical zone. 
This zone is circumferential in form, approximately 1 mm wide in the apicocoronally 
direction and is often convex or flat in shape. The critical zone may or may not con-
tain a variety of restorative materials, depending on the kind of restoration (cemented 
or screw-retained). The subcritical zone is positioned apically to the critical zone 
and may be concave, convex or flat in shape. Changes in the shape of the critical and 
subcritical contour zones should be planned carefully in accordance with the dental 
implant site, soft tissue thickness and materials used. If the crown form cannot be 
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adjusted, reshaping the subcritical zone can improve both the aesthetic and biological 
success of the treatment.

There are numerous strategies for peri-implant soft tissue conditioning, includ-
ing immediate temporary restorations, custom-made healing abutments and gradual 
remodelling of soft tissues through modification of critical and subcritical zones of the 
temporary implant crown. Figure 5 shows the emergence profile shaping with custom-
made temporary PMMA crown on PEEK abutment after the implant was integrated.

In clinical cases like the one shown in Figure 5, additional challenge may emerge 
during copying and transferring emergence profile shape to either digital or conven-
tional stone cast model. In both ways, the clinician needs to act fast due to fast tissue 
begin to collapse immediately after removing temporary crown (or custom-made 
healing abutment). In conventional prosthodontics impression, fast and predictable 

Figure 5. 
Emergence profile shaping with temporary PMMA crown on PEEK abutment. Upper-left: initial clinical 
appearance with stock healing abutment; upper-right: size and shape of soft tissue emergence profile after 
removal of stock healing abutment; middle-left: lateral view of temporary PMMA crown on PEEK abutment; 
middle-right: frontal view of temporary PMMA crown on PEEK abutment; lower-left: clinical appearance 2 
months after temporary crown delivery; lower-right: newly formed and shaped emergence profile with soft tissue 
maturation.
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way is open tray pick-up transfer customization intraorally or extra orally with 
flowable composite resin material. This technique with intra oral customization with 
flowable composite resin material is shown in Figure 6.

Additionally, the significance of the emergence profile and the interest of clini-
cians and researchers have increased significantly in recent years. Gomez-Meda et al. 
[23] defined a more detailed classification of emergence profile surfaces and areas. 
This article discusses the esthetic biological contour concept (EBC), which consists 
of distinguishing important zones of emergence profiles and recommending detailed 
design principles for those zones. The clinical significance of EBC is that it promotes 
aesthetic outcomes and a favourable biological response to implant-supported 
restorations when designed properly. The EBC concept denotes three zones that 
correspond to the subgingival contour of an implant restoration’s emergence profile 
(Figure 7). Each of these zones will come into contact with a distinct type of tissue 
and therefore must be designed differently.

The EBC concept is divided into three zones:

• E Zone (esthetic zone) is a subgingival area that is 1 mm wide and located 
apical to the free gingival margin. It should be shaped similarly to the crown 
of the extracted or contralateral tooth to resemble a natural crown. Its 
contour should be convex and support the free gingival margin in the proper 

Figure 6. 
Left: intraoral customization of open tray pick-up transfer and final impression with preserved emergence profile 
size and shape for final crown fabrication.

Figure 7. 
Schematic presentation of three zones of EBC concept: E—esthetic zone (blue), B—bounded zone (green) and 
C—crestal zone (red).
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position, establishing the implant crown’s cervical morphology. This zone is 
adjacent to sulcular epithelium, a type of stratified squamous epithelium.

• B Zone (bounded zone) is the emergence profile area apical to the E zone that is 
approximately 1–2 mm wide in cases where the dental implant is ideally placed 
3–4 mm apical from the free gingival margin zenith point. Although the B zone is 
normally concave, in patients with deficient soft tissues, connective tissue graft 
may be required to improve gingival phenotype, crestal stability and aesthetics. 
This biologic boundary zone is in contact with junctional epithelium, which is a 
non-keratinized epithelium.

• C Zone (crestal zone) is a 1–1.5 mm wide area immediately coronal to the 
implant neck. However, its dimensions vary depending on the depth of the 
integrated dental implant. In this area, the abutment contour should be flat or 
slightly concave to avoid putting pressure on the bone tissue surrounding the 
restoration. Figure 2 illustrates the detrimental effect of this pressure on crestal 
bone stability. Additionally, certain dental implant designs (i.e. tissue level 
implants) incorporate this zone into the implant body. This zone is critical for the 
stability of the crestal bone because it is in contact with connective tissue.

Each of the zones described in the EBC concept serves a distinct purpose in 
the emergence profile’s design. Understanding the significance and unique design 
features of the EBC zones enables the provision of aesthetic and biologically sound 
interim and definitive implant restorations.

4. Materials selection

Several new dental materials have entered the market over the last decade. They 
offer an aesthetic, functional and economical alternative to metal-ceramics, the most 
frequently used material for prosthodontic restorations. This is especially true for 
zirconium oxide and lithium disilicate ceramics. The incorporation of CAD/CAM 
manufacturing technology into daily work has resulted in a significant reduction in 
dental technicians’ labour costs. Furthermore, these increased aesthetic standards 
have resulted in an increase in the use of metal-free restorations at the expense of 
metal-ceramic restorations. These events also influenced the materials used and 
the manufacturing process for custom-made dental implant abutments, effectively 
eradicating stock dental implant abutments. Additionally, the titanium bases for 
implant abutments have been redesigned to incorporate anti-rotation properties and a 
cylindrical shape, allowing for more efficient extraoral cementation of prosthodontic 
restorations. Such prosthodontic restorations, particularly following the introduc-
tion of angulated screw access to the abutment screw, resulted in an increase in the 
proportion of screw-retained restorations versus cemented restorations. All these 
advancements are now being used more frequently in clinical practice, but they have 
also prompted scientists to explore new materials and techniques. Given the time, 
material, human and technical resources required to conduct a high-quality long-term 
prospective or retrospective study, there is still insufficient solid evidence of these new 
materials and technologies’ clinical benefits and effectiveness. However, prior research 
and the subjective clinical experience of numerous clinicians indicate that the new 
materials will eventually justify their partially uncritical use in clinical practice.
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From the clinician’s perspective, 5- or 10-year success or survival rates are not the 
only criterion to consider when planning and implementing implant-prosthodontic 
treatment. Additionally, the clinician should consider the frequency with which 
technical and biological issues may emerge when specific materials are used.

With so much conflicting information and data, clinicians may depend on review 
articles that structurally describe and analyse more scientific studies on a given sub-
ject. Pjetursson et al. recently published a statement paper about material selection 
for implant-supported restorations [24].

4.1 Metal-ceramic implant-supported restorations

For a long period of time, metal frameworks veneered with feldspathic ceramic 
have been used in dentistry. They are well-researched and documented restorations 
that can be used for single crowns and fixed partial dentures. The metal framework 
provides a high-strength core, protecting the whole restoration against tensile and 
flexural stress during chewing function. Besides the conventional casting technique, 
metal framework nowadays can be produced by milling or an additive laser printing 
process. There are two important published meta-review papers that examine the 
clinical outcomes, success and survival rates of metal-ceramic implant-supported 
restorations, as well as the complications rates.

The meta-review analysing metal-ceramic single crowns [25] included 30 studies 
with a total of 4542 crowns, with 83% of cement-retained crowns and 17% of screw-
retained crowns, respectively. The meta-analysis estimated an annual failure rate of 
0.35% (95% CI: 0.19%–0.66%), which corresponds to a 5-year survival rate of 98.3%. 
The respective complication rates were 13.3%, which means that one out of eight 
metal-ceramic single crowns showed some technical, biologic or aesthetic complica-
tion or failure. Only 86.7% of the metal-ceramic implant-supported single crowns 
showed no complications over the 5-year follow-up period. The 5-year incidence rate 
of peri-implantitis and soft-tissue complications was 5.1%, and significant bone loss of 
more than 2 mm at marginal bone level was 3.3%. Technical complications, including 
fracture of abutments or abutment screws, were rare complications, with an incidence 
rate of 0.2%. Abutment screws loosening was more frequent, with a 5-year complica-
tion rate of 3.6%. The incidence of ceramic fractures and chipping was 2.9%, and 
framework fractures were only reported to be 0.2%.

Another meta-review by Sailer et al was analysing multiple-unit metal-ceramic 
fixed partial dentures [26] and included 16 studies with a total of 993 fixed partial 
dentures supported by 2289 dental implant abutments, with 73% of cement-retained 
fixed partial dentures and 27% of screw-retained fixed partial dentures, respectively. 
The annual failure rate for metal-ceramic fixed partial dentures was 0.26% (95% 
CI: 0.10%–0.64%), corresponding to a 5-year survival rate of 98.7%. The respective 
complication rates were 15.1%, meaning that one out of six fixed partial dentures had 
some kind of complication. Hence, 84.9% of fixed partial dentures were free of any 
complications over the 5-year follow-up observation period. The 5-year rate of peri-
implantitis and soft tissue complications was estimated to be 8.5%. The significant 
bone loss incidence rate was reported to be 2.6%. Among technical complications, the 
incidence rate was reported as follows: abutment screws loosening was 5.3%, ceramic 
fractures or chipping was 11.6% and framework fractures were 0.5%.

Both metal-ceramic single crowns and multiple-unit fixed partial dentures are 
well researched with very good long-term success rates. They can be used as a treat-
ment option in a wide spectrum of clinical indications, especially in clinical cases with 
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high clinical implant crowns, cantilever types of implant restorations and implant-
supported fixed partial dentures with distal units extending more than 8 mm, fixed 
partial dentures with more than two pontics and in cases with small connector height 
due to limited interocclusal space.

4.2 Zirconia-ceramic implant-supported restorations

Increasing aesthetic demands have led to the development of different subtypes 
of zirconia ceramics. With their appearance, they adequately imitate not only the 
appearance but also the structure of hard dental tissues. In addition, new generations 
of zirconia ceramics have excellent biocompatibility and improved mechanical prop-
erties. Previous generations of zirconia ceramics had an opaque whitish appearance 
and had to be veneered to make the restoration look aesthetically pleasing. Newer 
generations of zirconia ceramics come in multilayer blanks or blocks with different 
levels of translucency and can be used as monolithic restorations.

The previously mentioned meta-reviews also analysed zirconia-ceramic implant-
supported single crowns and fixed partial dentures.

The review by Pjetursson et al [25] analysed eight studies with a total of 912 
zirconia-ceramic implant supported single crowns for an average 5-year follow-up 
period. Of all the included single crowns, 51% were cement retained and 49% were 
screw retained. The annual failure rate for implant-supported zirconia-ceramic single 
crowns was 0.49% (95% CI: 0.21%–1.18%), which corresponds to a respective 5-year 
survival rate of 97.6%. The estimated 5-year complication rate was 16.2%, meaning 
that only 83.8% of implant-supported zirconia-ceramic single crowns were free of 
any complications over the complete 5-year observation period. The most frequent 
complication rates were: 5.3% for peri-implantitis and soft tissue complications, 4.4% 
for marginal bone loss of more than 2 mm, 2.8% for ceramic fractures or chipping and 
2.1% for framework fracture.

Another meta-review by Sailer et al [26] included three studies with a total of 175 
zirconia-ceramic fixed partial dentures and an average follow-up period of 5.1 years. 
Only 15% of all restorations were cement-retained and 75% were screw-retained. The 
annual failure rate for implant-supported fixed partial dentures was 1.455 (95% CI: 
1.06%–1.98%), which corresponds to a respective 5-year survival rate of 93.0%. The 
most frequent complications were soft tissue complications with a 10.1% incidence 
rate and framework fracture with a 4.7% rate.

According to the previously mentioned research and numerous other published 
articles, today we cannot consider veneered zirconia-ceramic as the material of choice 
for implant-supported fixed partial dentures. They show a high degree of risk of 
chipping or catastrophic fracture of the restoration framework. The study by Larsson 
et al. [27] states that the frequency of chipping and framework fractures of fixed par-
tial dentures is up to 50%, which is a clinically unacceptable value. These problems are 
largely eliminated by the use of monolithic zirconia-ceramic, which with its aesthetic 
properties satisfies everyday clinical applications. In addition to the lack of chipping, 
implant-supported restorations of monolithic zirconia-ceramic show greater fracture 
resistance because the framework of such structures has larger dimensions compared 
with the framework of coated veneered zirconia-ceramic restorations. Evidence 
of this is a recent systematic review paper by Pjetursonn et al. [28] that analysed 
the 3-year survival and failure rates of veneered and monolithic zirconia-ceramic 
implant-supported restorations. The estimated 3-year survival rates were 96.3% (95% 
CI: 93.9%–97.7%) for veneered zirconia-ceramic single crowns and 96.1% (95% CI: 
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93.4%–97.8%) for monolithic zirconia single crowns. Veneered single crowns showed 
significantly (p = 0.017) higher annual ceramic chipping rates (1.65%) compared 
with monolithic single crowns (0.39%). Interestingly, the location of the single 
crowns, anterior vs. posterior, did not influence survival and chipping rates.

When a clinician needs to choose between veneered or monolithic zirconia-ceramic 
implant-supported restorations, the following factors must be considered: aesthetic 
demands, location in the dental arch, physical properties of the material, possibility for 
surface modification and abrasion (wear) properties of the material [24].

4.3 Lithium-disilicate reinforced glass-ceramic implant-supported restorations

To improve the physical properties of glass-ceramic and make it more suitable for 
prosthetic restorations, lithium disilicate or, in rare cases, leucite fillers were added. 
Nowadays, there are several techniques for the production of lithium-disilicate 
reinforced glass-ceramic, such as heat pressing and CAD/CAM milling from pre-
fabricated blanks. Due to its mechanical properties, lithium-disilicate reinforced 
glass-ceramic can be used for both implant-supported single crowns and short-span 
fixed partial dentures in the anterior region of the dental arch. A systematic review 
article by Pjetursson et al. [28] evaluated five studies reporting on veneered leucite or 
lithium-disilicate reinforced glass-ceramic implant-supported single crowns (a total 
of 110 crowns) and 14 studies on monolithic leucite or lithium-disilicate reinforced 
glass-ceramic implant-supported single crowns (a total of 484 crowns). The mean 
follow-up period for veneered single crowns was 8.1 years and 2.6 years for monolithic 
single crowns, respectively. Results show a low annual failure rate of 0.80% (95% CI: 
0.14%–4.64%) for veneered crowns and 1.02% (95% CI: 0.51%–2.05%) for mono-
lithic reinforced glass-ceramic single crowns. This means that 3-year survival rates 
were 97.6% for veneered single crowns and 97.0% for monolithic single crowns. The 
study also reported that monolithic reinforced glass-ceramic crowns had the lowest 
annual complication rate of 1.7%, and veneered reinforced glass-ceramic crowns 
had an annual complication rate of 2.6%. In comparison, annual complication rates 
for monolithic zirconia-ceramic single crowns were 3.6% and for veneered zirconia-
ceramic single crowns were 4.5%.

Considering these meta-review results, it is reasonable to conclude that lithium-
disilicate reinforced glass-ceramic implant-supported crowns are the treatment of 
choice for high aesthetic-demanding clinical cases in the maxillary anterior region 
Figure 8 shows such a clinical case with tooth #21 replaced by a dental implant where 
the implant-supported crown was made on a titanium base abutment customized 

Figure 8. 
Clinical case with tooth #21 replaced by a dental implant where the implant-supported crown was made on a 
titanium base abutment customized with a zirconia CAD/CAM abutment and a lithium-disilicate reinforced 
glass-ceramic crown.
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with a zirconia CAD/CAM abutment and a lithium-disilicate reinforced glass-
ceramic crown.

5. Conclusions

Proper treatment planning prior to dental implant implantation is just as critical 
in current implant prosthodontics as the prosthetic components. The wonderful work 
of the oral surgeon may quickly be destroyed by inadequate prosthodontic execution, 
resulting in the failure of dental implant treatment.

The controversy between cemented and screw-retained dental implant restora-
tions is as ancient as implant prosthodontics itself. Additionally, there are divergent 
views in the scientific literature. Although no substantial difference in survival has 
been shown between the two procedures, screw connection has demonstrated a total 
of less technical and biological problems. It is presently unknown whether cementa-
tion or screw retention is the preferable choice for restoring dental implants from a 
patient-centred clinical perspective. Both cementation and screw retention seem to 
have benefits and downsides in practical practice. Choosing between cement-retained 
and screw-retained restorations may be a matter of philosophy. By choosing cemented 
restorations, the physician is responsible for completely eliminating all cement residue. 
Peri-implantitis induced by cement remains is a completely iatrogenic disease with no 
blame assigned to the patient’s oral hygiene practices.

The emergence profile of a tooth or restoration, such as a crown on a natural tooth, 
a dental implant or a dental implant abutment, is described as the shape of the tooth or 
restoration in relation to its emergence from restricted soft tissues. Clinically, appropri-
ately designed dental implant restorations are crucial for both the aesthetics and biologi-
cal effectiveness of the procedure. The biggest difficulty is adapting the circular dental 
implant to the cervical form of the lost tooth. This shift is made possible by implant 
abutments. Changes in the critical and subcritical contour zones should be carefully 
considered in relation to the dental implant location, soft tissue thickness and materi-
als employed. If the crown shape cannot be altered, altering the subcritical zone may 
significantly enhance the treatment’s cosmetic and biological success.

Over the recent decade, many innovative dental materials have reached the 
market. They provide an attractive, practical and cost-effective alternative to 
metal-ceramic restorations, the most often used material in prosthodontics. This is 
particularly true for ceramics made of zirconium oxide and lithium disilicate. Both 
metal-ceramic single crowns and multi-unit fixed partial dentures have a lengthy 
track record of success. They can be used to treat a wide variety of clinical indica-
tions but are particularly useful in cases requiring high clinical implant crowns, 
cantilever-type implant restorations, implant-supported fixed partial dentures 
with distal units extending beyond 8 mm, fixed partial dentures with more than 
two pontics and cases requiring a small connector height due to limited interoc-
clusal space. When a clinician must choose between veneered and monolithic 
zirconia-ceramic implant-supported restorations, the following factors must be 
considered: aesthetic requirements, location in the dental arch, material physical 
properties, surface modification capability and material abrasion (wear) properties. 
Considering the findings of this meta-analysis, it is acceptable to infer that lithium-
disilicate reinforced glass-ceramic implant-supported crowns are the treatment 
of choice for clinical situations requiring a high level of aesthetics in the maxillary 
anterior area.
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Chapter 15

A Review of Current Concepts 
in Full Arch Rehabilitation with 
Dental Implants
Leandro Díez-Suárez

Abstract

Various causes can be responsible for tooth loss. In general, caries, periodontal 
disease, facial trauma, pathology of the jaws, among other causes, could lead to the 
loss of a tooth or a group of teeth. As a consequence, the stimuli that participate in 
bone maintenance are compromised and bone reduction occurs gradually, making it 
difficult to use conventional prostheses. Fortunately, technological advances applied 
to dental implantology have allowed us to perform full-arch prosthetic treatments, 
managing to rehabilitate the form, function, esthetics and lost self-esteem in patients 
with severe atrophy of the jaws. The objective of this chapter is to describe the key and 
current aspects in full-arch rehabilitation with dental implants.

Keywords: dental implants, buttress implant, hybrid prosthesis, full arch, all on X, 
zygomatic implants

1. Introduction

Edentulism is a state of oral health that consists of the loss of teeth. Although the 
causes of tooth loss are diverse, dental cavity and periodontal disease are the main 
causes. Despite the decrease in edentulism in developed countries, edentulism contin-
ues to have a high prevalence affecting multiple functions such as chewing, nutrition, 
speech, self-esteem and quality of life [1].

After tooth loss, the physiological stimuli that give mechanical and cellular mainte-
nance to the alveolar bone disappear. As a consequence, there is a reduction in the quan-
tity and quality of bone, which we define as bone atrophy. The International Journal of 
Oral & Maxillofacial Implants defines alveolar atrophy as “decrease in the volume of the 
alveolar process occurring after tooth loss, drecased fuction and/or localized overload-
ing from an improperly fitting removable partial or complete denture” [2].

Conventional full arch rehabilitation treatments achieved stability, support and 
retention at the expense of remaining teeth or residual bone anatomy. However, when 
a patient has edentulism and bone atrophy, conventional rehabilitative treatment does 
not meet the treatment goals, expectations, and comfort for the patient.

Dental implants are biocompatible alloplastic devices that are inserted into a 
residual bone ridge. The use of osseointegrated endosteal implants was introduced in 
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North America in 1982 thanks to the research of Dr. Branemar. His results established 
the guidelines for contemporary implantology [3].

To replace missing teeth there are different prosthodontic options. Which include 
implant-supported crowns (ISCs), implant-supported fixed dental prostheses 
(IFDPs), implant-supported removable dental prostheses (IRDPs), tooth-supported 
fixed dental prostheses (TFDPs), and removable partial dentures (RPDs). In patients 
with several missing teeth, implant-supported fixed dental prostheses (IFDPs) have 
shown excellent results in the short and medium term, positively impacting quality of 
life [4].

The objective of this chapter was to describe the key and current aspects in full-
arch rehabilitation with dental implants. The purpose is to guide professionals in the 
diagnosis and rehabilitation treatment of the full arch with dental implants in the 
patient with edentulism.

2. Diagnosis of the patient with bone atrophy, selection of the patient

As mentioned, dental extraction induces a series of physiological changes in the hard 
and soft tissue of the dental socket. These local alterations arise as a natural healing 
process that aims to achieve a secondary closure of the wound and the dental socket. 
The healing phases of an alveolus include an inflammatory phase, a proliferation 
phase, and a remodeling phase. After multiple tooth extractions with or without the 
use of dentures, people may suffer from extensive vertical and horizontal reduction 
in their alveolar bone process. A reduction of up to 50% of the original bone table can 
be expected, being greater in the buccal aspect than in its lingual/palatal counterpart 
[5]. This process of bone resorption continues and determines the morphological 
configuration of the alveolar process and the severity of the bone atrophy of the jaws. 
Occasionally, bone resorption is so severe that the alveolar process may be non-existent, 
compromising important anatomical structures such as the maxillary sinus, the pirifor-
mis notch, the nasopalatine nerve, the inferior alveolar nerve, among others (Figure 1).

Currently there are multiple classifications that describe alveolar bone atrophy. 
The two most used are the Seibert classification and the Cawood and howell classifi-
cation. The Seibert’s nomenclature divides alveolar bone loss into three types: Class 1: 
Loss of vestibule/lingual tissue with normal bone crest height, Class 2: Loss of apical/
coronal tissue with normal vestibule/lingual dimension, Class 3: Loss combined 
horizontal and vertical bone [6].

The Cawood and Howell classification evaluates the post-extraction socket and 
the edentulous crest for a subsequent restoration treatment, it is divided as follows: 
Class I: toothed, Class II: post-extraction, Class III: convex shaped process, with width 
and height adequate, Class IV: sharp edge with adequate height, insufficient width of 
alveolar process, Class V: flat shape with loss of alveolar process, Class VI: loss of basal 
bone [7].

Regardless of the degree and severity of bone atrophy, the patient’s selection 
for full arch rehabilitation treatment with dental implants depends on his or her 
expectations. During the consultation, it is essential to carry out an adequate 
questioning and understand the reason for our patient’s consultation. Esthetic, 
functional and personal needs. In general, when a patient requires a complete 
rehabilitative treatment, he has undergone multiple treatments throughout his 
life, his mentality towards treatment, although in most cases it is “philosophi-
cal”, sometimes we could have demanding patients with “hysterical” mentality. 
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Understanding the attitude of patients and their expectations is important for the 
success of full arch rehabilitation and to offer the best rehabilitative treatment [8].

In general, indications for a full arch rehabilitative treatment with dental implants 
include:

• Complete edentulism of one or both jaws.

• Partial edentulism with poor periodontal and prosthetic prognosis for existing teeth.

• Failure or denial of fixed prosthetic treatment or conventional prosthodontics.

• Moderate and severe atrophy that does not achieve retention with the use of 
conventional prostheses [9].

• Xerostomy or hypersensitivity of the mucosa that prevents the use of  
conventional prostheses [10, 11].

There are few contraindications to dental implant treatment, most are relative and 
not absolute.

• Uncontrolled systemic disease: Systemic compromises such as cancer, radio-
therapy, chemotherapy, autoimmune diseases, HIV, bisphosphonates and bone 
diseases could contraindicate treatment if the patient does not have a pharma-
cological control with adequate response to treatment. However, when these 
conditions are medically controlled and performed with established protocols, 
they can have a high success rate and are not an absolute contraindication to 
dental implant treatment [12–14].

Figure 1. 
Different degrees of bone atrophy. The first patient presents a mild/moderate maxillary atrophy, however, he 
presents a severe mandibular atrophy at the level of the inferior alveolar nerve. The second patient presented 
severe maxillary atrophy with loss of the premaxilla. The atrophy extends posteriorly to the floor of the maxillary 
sinus, making it impossible to place conventional implants. In the mandible it presents a mild/moderate atrophy 
in the posterior sector.
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• Alcoholics, drug addicts or patients with psychosis: these are patients who have no 
commitment and good control of treatment. This could lead to complications and a 
low success rate. Smoking patients may have a higher failure rate for dental implant 
treatment. However, it is not an absolute contraindication to treatment [15].

• Allergy to titanium: Although allergy to titanium is extremely low (0.6%), this 
can explain a failure of implants or previous treatments in an inexplicable way. 
Currently, zirconia implants have been manufactured that can satisfactorily solve 
this situation [16, 17].

• Pregnancy: Rehabilitation treatments with dental implants should be postponed 
during the gestation period. During treatment, advanced imaging studies are 
needed in addition to the pharmacological implications during and after surgery.

3. Therapeutic options: bone grafting versus buttress implant concept

There are different surgical techniques used in the rehabilitation of atrophic 
jaws that are divided into two large groups: Non-grafted versus Grafted treatments. 
Graft procedures include: bone regeneration with bone substitutes with or without 
the use of membranes, maxillary sinus lift and platelet-rich plasma [18, 19].

Procedures that do not use grafts, use skeletal anchors with long and conventional 
implants in the different anatomical points of the facial bones.

For both techniques there is a high success rate of 90–95% at 5 years with no 
statistically significant difference in implant survival [20].

Currently there are multiple classifications with diagnostic and therapeutic 
criteria in rehabilitation with dental implants. However, there is no classification that 
unites all implant alternatives with diagnostic, surgical and implant criteria.

The buttress implant concept is a classification that I have designed and is based 
on the bony buttresses of the face. These areas offer adequate quality and quantity of 
bone where the placement and functional load of osseointegrated implants is feasible.

The classification for the patient with jaws atrophy is divided into 6 zones: Zone 
I/maxillary alveolar buttress, Zone II/nasomaxillary buttress, Zone III/zygomatico-
maxillary buttress, Zone IV/pterygomaxillary buttress, Zone V/mandibular alveolar 
buttress and Zone VI mandibular/basal buttress (Figure 2).

• Zone I/alveolar buttress: In the alveolar buttress of the maxilla we can anchor 
osseointegrated implants in the bone process. In this area we can place implants 
axially or tilted. Tilted implants with an angle between 17° and 45° perform as 
well as axial implants. Among our options, in this buttress we find conventional 
and short implants ≤8 mm, nasopalatine duct implant, tilted implants such as 
those described in the All on 4 techniques, and tuberosity implants [21].

• Zone II/nasomaxillary buttress: Although the term “Nasomaxillary implant” has 
not been defined in the Glossary of Oral and Maxillofacial Implants (GOMI) 
[22]. I define it as “Implant placement through the alveolar process and into the 
nasomaxillary buttress”. Nasomaxillary implants can be used as an anchorage 
point in a location anterior to the prosthetic arch. With this, we achieve anterior 
stability and the reduction of work forces in posterior implants.
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• Zone III/zygomaticomaxillary buttress: In 1998 Dr. P. I Branemark described 
zygomatic implants as a bone anchorage alternative with a design between 
30 and 52.5 mm long that are inserted into the body of the malar bone [23]. 
Zygomatic implants offer adequate insertion torque. Immediate loading is usually 
more feasible compared to conventional implants. Up to 3 zygomatic implants 
can be placed on each side offering a full arch rehabilitation with an adequate 
polygonal distribution within the prosthetic arch.

• Zone IV/pterygomaxillary buttress: Tulasne and Tessier in 1989 were the first to 
describe the technique for the placement of pterygoid implants [24]. Pterygoid 
implants are implants between 15 and 20 mm long that allow a bone anchorage of 
up to 9 mm in the pterygoid process. Pterygoid implants are a viable option and 
if their main advantage is to decrease the prosthetic distal cantilever [25].

• Zone V/mandibular alveolar buttress: As in the maxilla, in the mandibular alveo-
lar process we can use axial implants, short implants ≤8 mm and tilted implants 
with a mandible interforaminal anchorage as described in the “All on 4” tech-
nique. Subperiosteal custom implants are currently a new line of implementation 
with promising results. These custom implants generally obtain their retention in 
this buttress with monocortical screws [26].

• Zone VI/mandibular basal buttress: The basal mandibular buttress is a zone that 
offers a cortical bone which allows a primary stabilization when it is reached. 
This area has been used in severe bone atrophy, in oncological resections or after 
regenerative procedures in blocks. Currently there are various bone anchoring 
options such as the use of zygomatic mandibular implants, trefoil technique 
(Trefoil™) and bicortical implants (Strategic Implant®) that have offered 
adequate and salvage results in full arch rehabilitation treatment [27–29].

Figure 2. 
Buttress implant concept and classification for the patient with jaws atrophy: Zone I/maxillary alveolar buttress, 
zone II/nasomaxillary buttress, zone III/zygomaticomaxillary buttress, zone IV/pterygomaxillary buttress, zone V/
mandibular alveolar buttress and zone VI mandibular/basal buttress.
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In general, full arch rehabilitation treatments with osseointegrated implants 
combine multiple techniques; regenerative and skeletal anchoring. The advantage of 
using skeletal anchors is that it allows a greater probability of immediate loading, a 
lower biological cost by not performing multiple regenerative procedures, less time in 
the treatment phases with a comparable global cost. The main disadvantages of using 
skeletal anchors include a higher learning curve, need for sedation or general anes-
thesia, and special surgical equipment that in most cases is available from commercial 
companies.

4. From analog to digital implantology

4.1 Computer guide treatment

Technological advances in conventional medicine and implantology offer 
resources in the diagnosis and treatment of full arch rehabilitation with osseointe-
grated implants. The digitization of clinical cases thanks to computed tomography 
and the buccal scanner allow the elaboration of surgical guides which restrict 
movements in the 3 planes of space. Although some studies confirm that there is no 
statistically significant difference in digital versus analog procedures, the digitiza-
tion process in implantology can help avoid human errors and injury to anatomical 
structures, help to determine a drilling sequence with a greater probability of primary 
stability, reduce the Surgical times and improve the perceptions of patients by having 
a modern treatment [30].

When we perform computer-guided planning and see that regenerative proce-
dures around implants are not required, flap-free surgery allows for greater patient 
comfort, recovery, and acceptance of treatment (Figure 3).

4.2 Computer-assisted dynamic navigation

Computer-assisted dynamic navigation has been commonly employed in medi-
cine, recently been implemented for dental implant surgery. The dynamic navigation 
uses optical motion technology to see the implant placement in real time, this helps 
to perform a flapless surgery and gives the surgeon the confidence of knowing that 
the implant placement is adequate. However, dynamic navigation is a recent practice 
that has a high learning curve in addition to requiring specialized medical equipment 
[31, 32].

4.3 Biomodels in 3D

Stereolithography is a solid three-dimensional prototype obtained through the 
processing of data obtained from computed tomography or magnetic resonance imag-
ing. In recent years, stereolithographic manufacturing has made great strides in the 
quality, resolution, and precision of manufactured parts and is becoming increasingly 
important in medicine and surgery.

Surgical simulation on a 3D biomodel makes it possible to consider measurements, 
positions and emergencies of the implants on the prosthetic arch. In addition, its 
usefulness in the placement of long implants with skeletal anchors allows the surgeon 
to be prepared for the surgical procedure and minimizes the possibilities of errors, 
favoring the results of the treatment [33] (Figure 4A).
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5. Full arch rehabilitation in maxilla

5.1 Treatment of mild–moderate maxillary alveolar resorption

The maxilla is a paired bone located in the middle third of the face. In its upper part is 
the orbital cavity, in its middle part the nasal cavity and in its lower part the oral cavity. 
Towards the oral cavity, there is the alveolar process, which houses the maxillary dental 
formula and is the main area affected by edentulism. Although the maxillary bone is 
voluminous, it is quite light due to the presence of the maxillary sinus. A cavity that 
is part of the respiratory system through which air passes, is heated, humidified and 
filtered to pass into the respiratory tract. In general, in the treatment of mild maxillary 
alveolar resorption, it is not necessary to lift the maxillary sinus membrane, allowing 

Figure 3. 
Computer-guided surgery by means of tomography, scanner and plan (dental system® 3Shape and DIO 
implants). In this case, flapless surgery was performed.

Figure 4. 
A. Simulated surgery of Quadzygoma treatment on a biomodel in ABS (acrylonitrile butadiene styrene) 
with adaptation of an immediate retained prosthesis to temporary abaument. B and C. clinical application of 
Quadzygoma treatment (NeoArch – Neodent®).
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the placement of axial implants. If bone resorption is moderate, consideration should be 
given to regenerative procedures, sinus lift, or placement of tilted implants [34].

The choice of implants will depend on bone availability and prosthetic planning. 
Although there is no statistically significant variation when choosing narrows versus 
regular platform implants, we prefer implant placement greater than 4.0 millimeters 
in diameter in full arch treatment [35]. This has several reasons. Mainly the thickness 
of the implant walls and prosthetic solutions such as angled abutments available for 
implants of this diameter or greater.

An important consideration during planning and implantation is that the implants 
are prosthetically guided achieving a polygonal emergence towards the prosthetic 
arch. Once the implantation is achieved, an adequate wound closure must be carried 
out and the patient should be offered immediate rehabilitation with which the healing 
process will continue.

5.2 Treatment of severe maxillary alveolar resorption

The rehabilitation of a patient with severe maxillary atrophy represents a significant 
challenge for the surgeon and the prosthetist. Often these patients have undergone 
multiple treatments that have not been able to meet their demands and their mentality 
regarding the treatment is expectant. In addition to this, patients with severe maxillary 
atrophy have suffered a total collapse of all their stomaognathic structures, suffering an 
aging of the face with loss of self-esteem, esthetics and function.

To achieve a successful rehabilitative treatment, we must consider all our thera-
peutic options and have an anatomical knowledge of the possible anchor points for 
the placement of osseointegrated implants. During planning, we must evaluate the 
advantages and disadvantages of regenerative treatment of lost bone versus using 
long implants with remote skeletal anchors. Sometimes, regenerating the bone with 
grafts and membranes entails a higher biological and economic cost for the rehabilita-
tive treatment or could increase the times for the definitive rehabilitation.

When conventional implants are an unfeasible option due to the degree of 
 maxillary atrophy or when multiple regenerative treatments must be performed prior 
to implantation, anchors with long implants in the buttresses have solved this situ-
ation. Zygomatic implants are a suitable option. Arch treatments can be performed 
on 4 zygomatic implants, two on each side or in combination with conventional 
implants. Zygomatic implants offer adequate insertion torque and can be used as a 
rescue when conditions are not ideal with conventional implants [36]. Posterior tilted 
implants, tuberosity implants and pterygopalatine implants are posterior implants 
that have reduced the distal cantiliever of the prosthesis and support the biomechani-
cal demands of rehabilitation (Figure 4B and C) [37].

6. Full arch rehabilitation in jaw

The mandible is an odd bone located in the lower third of the face and is shaped 
like a horseshoe. It is the largest bone in the face and the only one that moves thanks to 
the insertion of multiple muscles that participate in chewing. Unlike the maxilla, the 
mandible has a more corticalized bone, which in most cases allows immediate screw 
loading. The main anatomical structures of importance include the inferior alveolar 
nerve, the mental nerve, the insertion of the mylohyoid muscle and the floor of the 
mouth [38].
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6.1 Treatment of jaw alveolar resorption

The rehabilitation of posterior regions and edentulous arches with mild atrophy, 
still allows the placement of implants of at least 8 mm or more in the posterior sector 
without compromising important anatomical structures such as the inferior alveolar 
nerve (IAN). In these cases, the biomicanic demands with the placement of 4 to 6 
implants in the jaw allow adequate rehabilitation with screws [39].

When alveolar atrophy is moderate or severe, implants cannot be placed without 
invading the inferior alveolar nerve (IAN). In this situation, therapeutic options 
include regeneration of the lost alveolar bone, lateralization of the inferior alveolar 
nerve, placement of short implants < 8 mm and the placement of tilted implants 
anterior to the mental nerve in the All-on-4® concept [40].

Although the minimum number of implants required for a screw-retained pros-
thesis is 4, recently it has been described in jaws with severe atrophy the placement 
of up to 3 bicortical implants in the chin region in a Trefoil ™ concept with good 
results [41].

In general, the conventional surgical technique includes elevation of a full thick-
ness flap to visualize the bone to the extent where the dental implants will be placed. 
If the residual bone crest shows irregularities, a bone plasty must be performed 
until a plateau is achieved and the implantation can be carried out according to the 
drilling sequence for each commercial company. When planning tilted implants 
anterior to the mental nerve (30° to 45°), it is essential to preserve the mental nerve 
and its labial branch to avoid neurosensory alterations of the lower lip. After carry-
ing out the implantation of the desired number of implants, the hermetic closure of 
the wound is essential to avoid dehiscences and achieve a healing by first intention 
(Figure 5) [42].

Figure 5. 
Clinical and radiographic photograph of maxillary rehabilitation on 5 submerged implants (2 phases) and 
mandibular rehabilitation on 4 implants with immediate loading (1 phase).
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7. Prosthetic considerations: Immediate and definitive prosthesis

7.1 Immediate prosthesis

For the adaptation of an immediate postsurgical prosthesis we will have multiple 
options that depend on the primary stability of the implants (greater than 35 N), the 
biotype and bone quality, the thickness of the cortices around the implants and the 
patient’s commitment to comply precise indications such as diet and hygiene [43].

When the previous conditions mentioned are unfavorable, we can leave the 
implants submerged with covers screws, another option is to offer the patient a conven-
tional removable total prosthesis retained to the implants by means of healing abut-
ments. This favors certain retention and adaptation to the patient while the implants are 
not loaded during their osseointegration phase (2-phase protocol). When conditions 
allow an immediate screwed and supported load on the implants (1-phase protocol), 
this same conventional total prosthesis can be reduced from the flanks, the palate and/
or the floor of the mouth to achieve a horseshoe shape, subsequently with a The acrylic 
relining is mechanically retained to the implants by means of temporarys abauments.

7.2 Definitive prosthesis

The long-term success of our prosthetic treatment depends on an adequate diag-
nosis and the detection of possible clinical difficulties before treatment. The planning 
of esthetic and functional prostheses requires the analysis of additional parameters 
such as smile height, lip sizes, permanence or absence of nasal and labial support 
given by the pre-maxilla, interocclusal and inter-arch space, functional demands, etc. 
For full arch reconstruction with dental implants there are several alternatives that we 
mention below:

• Implant-supported fixed prostheses (ISFPs): When there is an adequate interoc-
clusal distance and the volume of hard and soft tissues has been maintained, 
fixed prostheses with implants allow a total reconstruction of the teeth with 
a natural emergence of the gingiva of the patient. Typically, these types of 
dentures are retained to the implants in a metal/ceramic material by means of a 
castable abutment (UCLA Abutment) [44].

• Implant-retained overdentures (IODs): Overdentures are total and removable 
dentures, but with an anchorage system. Overdentures mean fewer implants 
(2 to 4 per jaw). in older patients, they improve hygiene by being removable, 
compared to conventional complete dentures (CCDs), they significantly increase 
patient satisfaction, dental function and quality of life [45].

• Hybrid prosthesis: In addition to rehabilitating missing teeth, a hybrid prosthesis 
simulates part of the soft tissues. This type of prosthesis requires a minimum dis-
tance of 12 to 15 millimeters between the arch and esthetic parameters such as the 
height of the smile and the exposure of the lower teeth should be evaluated in more 
detail [46]. Cantilever length is also an important parameter that is to be evalu-
ated when deciding to fabricate implant supported acrylic screw-retained hybrid 
prosthesis to minimize the risk of framework fracture. The researchers suggested 
a mandibular extension between 15 and 20 mm to minimize the risk of framework 
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fracture. Other authors recommended a cantilever length of 1.5 or 2 times of the 
anterior/posterior curve of the implants. Hybrid dentures are generally made of 
acrylic resin and metal or metal and porcelain (Figure 6) [47].

8. Complications

Full arch rehabilitation treatments with dental implants can have complica-
tions and failures. In general, complications may be related to the patient’s systemic 
compromise, increased functional demand, surgical technique, post-operative care, 
design and type of prosthesis, etc. The overall success rate for dental implants is 
between 90–100% according to the study [48].

The most frequent prosthetic complications after the placement of an implant-
supported prosthesis are: mucositis, loosening or fracture of the abutment screw or 
prosthetic components, and fracture of the acrylic or porcelain structure. Although 
most complications resolve favorably in follow-up appointments, it is essential 
to establish an adequate surgical and prosthetic management protocol to achieve 
predictable and successful long-term results [49, 50].

Figure 6. 
Workflow for fabrication of hybrid metal-acrylic prosthesis.
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9. Where are we going

Medical and technological advances in medicine applied to current implantology have 
made it possible to have new rehabilitative treatments. Currently, the diagnosis of the 
edentulous patient, the design of the rehabilitation and the computer-guided surgery, 
allow the use of customized implants for full-arch rehabilitation. These devices are gener-
ally made of titanium and have a treated surface that allows osseointegration. In addition, 
they use skeletal anchors in the aforementioned abutments so that they have multiple 
fixations that work together to rehabilitate a complete dental arch. Currently, although 
their costs are high, they are accessible for very specific cases (Figure 7).

10. Conclusions

Based on the current literature, full-arch fixed prostheses supported by a com-
bination of axial implants, angled and placed in the different skeletal anchor points 
(buttress implant concept) can be considered a predictable and successful treatment 
modality for prosthetic rehabilitation of edentulous patients.

Figure 7. 
Planning of a customized prosthesis in grade IV titanium for full-arch rehabilitation after tumor resection in an 
oncological patient.
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Abstract

The main goal of modern removable prosthodontics is to restore the normal appear-
ance, function, esthetics and speech in each completely edentulous patient. However, if all 
teeth are missing in a patient, it becomes very complicated to achieve it using traditional 
protocols. Therefore, implants were introduced into removable prosthodontics to ensure 
better retention and stability of the conventional dentures. In case of a large amount of 
bone missing in the jaw it is necessary to ensure the functioning of the dentures construct-
ing various additional stabilizing and retentive prosthodontic solutions on the osseoin-
tegrated implants. Numerous types of attachment systems have been used recently for 
relating implant-retained overdentures to underlying implants: basically splinting (various 
bar shape designs) and non-splinting attachments (various ball type attachment, magnet 
attachment, telescopic coping systems). Indications for their use depend on the surgical 
and prosthodontic factors such as the number and position of the implants, the amount of 
free intermaxillary space and the type and size of the overdentures. Different indications, 
types of the overdentures and the attachment systems will be discussed in this chapter.

Keywords: edentulous patient, implant-retained overdenture, bar shape attachment, 
ball type attachment, telescopic coping attachment, retention, stability

1. Introduction

Edentulism is defined as an irreversible condition in the patient’s mouth and the 
“final marker of disease burden for oral health” [1, 2]. It is still one of the major problems 
among older adults globally, regardless of its declining incidence. The prevalence of com-
plete edentulism varies among different countries all around the world since it depends 
on numerous factors such as education, economic and social situations, lifestyle, oral 
and general health knowledge and views, and attitudes to dental care [3, 4]. The rate 
of edentulism tends to vary not only among different countries but among different 
regions within a country too, with wealthier, more industrialized provinces tending to 
have lower rates than others [5]. A large number of studies confirm the close relationship 
between edentulism and age and gender of the patients, their educational and income 
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level, activities of daily living, social isolation and poor self-experienced health [6, 7]. 
These findings should be recognized at the national level of each country and used to 
create preventive measures identifying older people who are in need of oral care.

2. Aging - tooth loss - bone loss

Edentulous patients are in need of wearing some kind of prosthodontic replace-
ment to establish lost oral function caused by tooth loss. It occurs because of biologic 
disease processes and age-related changes, such as dental caries, trauma, periodontal 
conditions and diseases, as well as poor oral hygiene and oral cancer [8, 9]. Total tooth 
loss is not only reflected in patients’ inability to chew and speak but to their social 
behavior and self-image and it has a complex and multidimensional impact on oral 
health related and general quality of life [10, 11].

A large number of studies have already proven that bone loss represents an 
ongoing process following tooth loss [12, 13], affecting the mandible four times more 
than the maxilla [14]. This particularly affects the patients who become completely 
edentulous and creates a large problem for their future maintenance (Figure 1).

For the purpose of better understanding of the existing conditions, analysis of the 
edentulous jaws, easier diagnosis and therapy determination the American College 
of Prosthodontists (ACP) has developed a classification system for complete edentu-
lism helping prosthodontists determine appropriate treatments for their edentulous 
patients [15]. This classification consists of four categories, the first representing an 
uncomplicated clinical situation with ideal or minimally compromised bone height, 
inter-jaw relationship, residual ridge morphology and muscle attachments and the 
fourth, representing the most complex and severely compromised oral conditions 
significantly negatively affecting the prosthodontic outcome [16].

3. Prosthodontic solutions in completely edentulous patients

Toothless residual alveolar ridges in edentulous patients imply the construction of 
retentive and stable conventional complete dentures [17]. Unfortunately, this can only 

Figure 1. 
Current condition of the edentulous maxilla and mandible caused by years of toothlessness. The height of the 
frontal mandibular bone has been measured to evaluate the possibility of implant placement.
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be achieved in favorable oral conditions that mostly apply to the satisfactory edentu-
lous ridge form and height affecting stability and retention of the dentures in function 
[18, 19]. It has already been proved that ill-fitting conventional complete dentures 
can compromise patient’s oral function and therefore cause psychosocial problems 
and decrease his/her oral health-related quality of life (OHRQoL) [20, 21]. The most 
often recorded complains among conventional complete denture wearers are pure or 
fair chewing ability, mostly within the subjects who had lost more than 50% of their 
estimated original ridge height, correlating the residual ridge resorption with worsen-
ing of the complete denture stability during mastication [22, 23].

4. Implant prosthodontics

In the last few decades, implants have been increasingly introduced in prosthodon-
tics to replace patient’s tooth/teeth lost for several reasons including trauma, caries, 
and periodontal disease as one of the main causes of edentulism occurring in the 
elderly population [24]. The loss of single, several or even all the teeth in the jaws can 
be compensated by placing one or more implants and constructing fixed or removable 
prosthodontic restorations on them [25–30].

A large number of risk factors related to the implant-prosthodontic therapy are 
listed in the literature, both at the level of implants as well as of implant prosthodontic 
restorations [31–34]. It has already been proved in many studies that poorer bone 
quality and lack of bone volume may be the one of the main reasons of implant failure 
[35]. Therefore, numerous classifications assisting the therapist in determination of 
the proper implant-prosthodontic therapy have been suggested for assessment of the 
degree of atrophy of edentulous jaws, among which the classification system for jaw 
bone shape and quality proposed by Lekholm and Zarb in 1985 is very often used [36]. 
One of the major problems in elderly population certainly is the lack and poorer quality 
of bone structure (Lekholm and Zarb quality 3 or 4 and quantity C, D, or E), especially 
in the distal part of the alveolar ridges, offering a great challenge for the placement 
of multiple implants or immediate implant loading and fixed implant prosthodontic 
constructions [37, 38]. Therefore, in these patients, having compromised bone condi-
tions, implant-retained overdentures may be the best solution [39].

5. McGill consensus statement on overdentures

With an increase of the life expectancy in the following years an increased number 
of completely edentulous patients will visit dental offices [40]. With a higher stan-
dards of their life quality they will expect the same level of standards in prosthodontic 
treatments demanding improvement in the oral health quality of life, too [40]. With 
conventional complete dentures relying upon resorbed residual bone ridges of maxilla 
and mandible and overlying mucosal soft tissues satisfactory retention and stability 
of the dentures is usually not possible to achieve. Therefore, it is up to the prosth-
odontics to find new solutions to this issue.

In May 2002, at McGill University in Montreal, Canada, prosthodontic symposium 
was held where numerous relevant experts who worked in the field of removable 
prosthodontics stated that the current available evidence suggested the restora-
tion of the completely edentulous mandible using conventional complete denture 
is no longer the first choice in prosthodontic treatments and instead it should be a 
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two-implant overdenture, regardless of the type of attachment system used (bar, ball 
or magnet) [41, 42]. According to the available literature patients find mandibular 
implant-retained overdentures to be superior over conventional ones in retention, 
ability to chew and speak, comfort, and satisfaction and in oral health related quality 
of life [43–46]. In April 2009. In York, UK a further consensus statement created by 
members of British Society for the Study of Prosthetic dentistry Council was released 
highlighting that uptake by dentists of implants for completely edentulous patients 
has still been rather slow [47].

As it is stated in the Consensus Statement, the solution in completely edentulous 
patient should be maxillary conventional complete denture and mandibular two 
implant-retained overdenture and this therapy presents a minimum standard that 
should be sufficient for the most patients, taking into account patient comfort and 
satisfaction, costs and both clinical and dental laboratory time [41, 47]. According to 
the Statement, placement of only two implants increases the total cost of the treat-
ment, but it is still low enough (in comparison to the multiple implant-prosthodontic 
restorations) to be affordable to most edentulous patients [41].

6.  Prosthodontic indications and advantages for implant supported 
overdenture in completely edentulous patients

A large number of completely edentulous patients wearing conventional com-
plete dentures are dissatisfied with their prosthodontic restorations [48]. Therefore, 
implant-retained overdentures were introduced to fulfill a need for maximum support 

Figure 2. 
Three-dimensional measurement of maxillary bone in completely edentulous patient. Notice the extreme 
resorption of the whole maxillary residual arch.
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in edentulous dental arches together with the desire to improve esthetic appearance 
[49]. Consequently, they are indicated in patients suffering from severe morphological 
destruction of denture supporting regions with significant loss of denture retention 
and stability (Figures 2 and 3), those with poor oral muscular coordination and low 

Figure 3. 
Three-dimensional measurement of mandibular bone in completely edentulous patient. The resorption of the 
mandibular residual arch is not so progressive, therefore the placement of 4 implants in the frontal region is 
indicated.

Figure 4. 
Vestibular view of 2 implant-retained mandibular overdenture.
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tolerance of soft underlying tissues, having parafunctional habits increasing soreness 
and instability of the conventional restorations or severe gag reflexes [50].

This type of removable prosthodontic rehabilitation is also strongly recommended 
in patients with unrealistic conventional prosthodontic expectations and those having 
psychological problems in wearing removable dentures, even when adequate reten-
tion and stability are present in the function [50].

This type of implant-prosthodontic rehabilitation offers several advantages such 
as need for less implants resulting in lower component costs and less expensive 
treatments for the patient, easy handling and home care maintenance, achieving 
extremely high level of facial esthetics by labial acrylic flanges and denture teeth 
replacing missing bone structure and avoiding parafunctions by removing dentures at 
night (Figures 4 and 5).

The results of the trial reported in Feine et al. and Grandmont et al. suggested 
that many patients having the chance to compare both fixed and removable 

Figure 6. 
Individual tray, functional imporession and laboratory analogs for 4 implant-retained mandibular overdenture.

Figure 5. 
Oral view of 2 implant-retained mandibular overdenture.
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implant-supported mandibular prostheses considered removable types to be a 
first class treatment [51, 52]. Half of the primarily older individuals monitored in 
this trial preferred removable over fixed prostheses for easier cleaning and ability 
to take them out during the night, but reported to be less efficient for chewing 
[51, 52]. Therefore, this finding should be used by clinicians when choosing the 
most appropriate type of dentures in completely edentulous patients, too.

It is also important to mention that both clinical and dental laboratory proce-
dures when fabricating implant-retained maxillary and mandibular overdentures 
do not differ significantly from the conventional on, with the exception of the 
use of implant transfers, laboratory analogs and individually adjusted trays 
(Figures 6–8).

Figure 7. 
Open acrylic individual tray and implant transfers ready for impression.

Figure 8. 
Both vertical and horizontal dimension registration of the future maxillary conventional and 4 implant-retained 
mandibular overdenture using wax rims.
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7. Number of implants in implant-retained overdentures

Implant-retained overdentures are usually indicated in completely edentulous 
cases with mild to severe bone resorption in certain regions and therefore go with 
reduced number of implants. The minimum number of implants needed for an over 
denture is still in debate.

According to the literature in case of maxillary overdenture with both implant and 
soft tissue support four to six implants are needed for retention and stability [53–55]. 
In case of four implants reduction in palatal plate of the denture is reported and 
recommended (Figures 9 and 10) [56, 57].

There are many reports in literature on two implant-retained overdentures in 
maxilla, too, but it is still the subject of debates (Figure 11).

Figure 10. 
Distal reduction of the 4 implant-retained maxillary overdenture palatal plate.

Figure 9. 
Four dental implants in maxilla. Clinical procedure of adjusting locators in 4 implant-retained maxillary 
overdenture.
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Klemetti et al. concluded that using only two implants in the maxilla did not 
compromise the dentures longevity or patient satisfaction when compared with 
four implant overdentures on one hand, but many authors claim that this design of 
implant-retained overdenture may result in a hinging movement and cause discom-
fort [58–60].

In mandible, in case of overdenture with both implant and soft tissue support, 
two implants supported overdenture or single implant retained overdenture is also 
advisable [61–64].

8. Types of attachment systems on implant-retained overdentures

According to The McGill Consensus Statement on overdentures mandibular two-
implant overdentures (Figure 12) are considered to be the first choice standard of care 
for edentulous patients regardless of the type of attachment system used [41].

Numerous types of attachment systems supporting implant overdentures have 
been developed over years, such as bars, balls, magnets, different cylindrical attach-
ments etc., made of different materials, according to different concepts and designs 
[65–71].

Figure 11. 
Clinical check-up of the patient five years following the placement of two implants in maxilla and delivery of the 
2 implant-retained maxillary overdenture.

Figure 12. 
Standard implant-prosthodontic procedure in completely edentulous patient according to the McGilly consensus.
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Of the previously listed systems, only bars require mechanically constructed 
splinting of the implants and the need to connect them via rigid construction or not is 
still being discussed.

Both splinted and unsplinted overdenture implant attachment systems have unique 
advantages and disadvantages. Although different in construction, it seems that both sys-
tems achieve similar results with regard to marginal bone loss, prosthetic complications 
and implant survival rate [72]. A systematic research, carried out from 2000. to 2018., 
investigated the influence of splinted vs. unsplinted designs for 4 implants retained maxil-
lary overdentures in terms of the outcome assessed in implant survival, prosthodontic 
longevity and patients’ satisfaction. The results revealed no influence of the overdenture 
design on survival rates of both implants and dentures, as well as on patients’ satisfac-
tion with implant survival rate higher than 97%, overdenture survival rate of 100% and 
patients’ satisfaction scores higher than 4.5 (on a 1 to 5 Likert scale) for general satisfac-
tion, chewing ability, denture stabilization, esthetic results and speech [73].

Location of the implants in the edentulous jaw serving for the retention and stabil-
ity of the overdenture as well as each edentulous arch shape highly influence the stress 
concentration and distribution around the implants and denture bearing area [74, 75].

If it is about splinted overdenture implant attachment systems using bars made 
from different materials polyetheretherketone (PEEK), titanium and Co-Cr alloys) 
the question of designing additional distal cantilever arises. Numerous authors con-
firmed that, if used, the length of the cantilevel should not exceed the anteroposterior 
span length, with most commonly mentioned length from 7 to 12 mm (Figure 13) 
[76, 77].

Although it has already been proven that cantilevering of the bars in this type 
of implant prosthodontic restoration may increase bone loss around supporting 
implants, especially around the implant adjacent to cantilever, without cantilevers 
there is less retention and stability of the dentures in the function [78–80]. However, 
not only does the cantilever and its length cause the problems with loss of bone 
structure around the implants, but increase in bar height can increase stress levels on 
the peri-implant crestal bone, too [81].

Figure 13. 
Splinted 4 implant-retained maxillary overdenture with short distal cantilevers.



333

Implant-Retained Maxillary and Mandibular Overdentures - A Solution for Completely…
DOI: http://dx.doi.org/10.5772/intechopen.99575

From the technical point of view, unsplinted overdenture implant attachment 
systems such as Locators, balls or magnets are much easier to construct, provide 
more prosthodontic space and require up to 1 cm vertical space for the attachments 
(Figures 14–16) [82, 83].

Figure 14. 
Radiological assessment of implant osseointegration prior to the delivery of 4 implant-retained mandibular 
overdenture.

Figure 15. 
Stone casts with laboratory analogs indicating the position of the locators in the edenetulous mandible.

Figure 16. 
Titanium housings on the laboratory analogs.
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9.  Prosthodontic maintenance of different implant-retained overdentures

Prosthetic complications with implant-retained overdentures are unavoidable and 
are mostly mechanical [84]. Compared with conventional complete dentures there 
is a higher rate of repair and replacement of this type of dentures, mostly regarding 
their design and type of the attachment system [84].

In cases where implant retained overdenture is not reinforced by the metal frame-
work higher rate of acrylic fractures must be expected, especially in the cases where 
the patrix size of the attachment system is relatively too large [85].

Different attachment systems require different care. It has been proven that rigid 
bars connecting 4 implants show lower incidence rate of maintenance such as clip 
activation or resolving the fracture, than resilient system such as round bars most 
likely because of its inability to rotate around the fulcrum line during the function 
[86]. The data also demonstrates an increase in prosthodontic maintenance for ball 
attachments related to the wear or fracture of the ball head or need for activation of 
the ball matrix or relining of the denture [87, 88].

Numerous authors reported different types of matrix repairs, too, such as clip 
fractures or clip activation in the period of 5 years, most commonly in the first year 
[89, 90].

Furthermore, the longevity of the implant retained overdenture depends on 
maintaining oral and denture hygiene, as well as frequency of use. It is clear that sim-
pler constructions, away from mucosa, are easier to maintain and clean, such as balls 
and locators in comparison to the bars, especially if they are in the close relationship 
with the mucosa [91]. Nocturnal use of this type of dentures has also showed higher 

Figure 17. 
4 implant-retained maxillary overdenture follow-up protocol.
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incidence of stomatitis due to the excellent retention, less saliva produced and more 
bacteria to develop in that environment [92].

It is necessary to emphasize that the prosthodontic complications can be reduced 
to an expected level if a close follow-up protocol is applied (Figures 17 and 18).

Figure 18. 
4 implant-retained mandibular overdenture follow-up protocol.

Figure 19. 
Appearance of 4 implant-retained maxillary and mandibular overdentures - frontal and both lateral views.
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We must also not forget that ultimate goal of producing implant-retained over-
dentures is patient’s satisfaction not only with the esthetics but also with the long-
term function of the removable prosthodontic restoration (Figures 19 and 20).

10. Conclusion

Implant-retained overdentures are very attractive implant-prosthodontic treat-
ment because of its relative simplicity in construction and design, easy handling, 
minimal invasiveness and lower costs. They are particularly suitable to maintain facial 
support and achieve higher level of esthetics with denture acrylic material when 
moderate to extreme alveolar ridge resorption is present in patient’s mouth, mainly 
in the older population. It is very important to emphasize that the implant-retained 
overdentures are supported by both implants and denture underlying soft tissue and 
therefore fewer implants are requested compared to the prosthodontic restorations 
supported only by implants.

This type of overdenture is usually connected with two or four implants, depending 
on which jaw is involved and on quality and quantity of the residual bone structure. 
These implants are mainly placed within the alveolar bone on the opposite sides of the 
completely edentulous arch and connected to the complete denture using different 
correspondent coupling units placed on the tissue surface of the prosthodontic restora-
tion. When implant and denture attachments are appropriately connected, the complete 
denture is held in position over the denture bearing area and both implants and mucosa 
provide support, retention and stability in function. The main advantage of this type of 
implant-prosthodontic solution over fixed one is that the implant-retained overdenture 
can be easily removed and cleaned (easy access to both the denture and the implants’ 

Figure 20. 
Portrait view of the patient with 4 implant-retained maxillary and mandibular overdentures in occlusion and 
in smile.
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abutments) and therefore provides better oral hygiene and may affect greater longevity 
of the restoration itself.

The results of this systematic review indicate the superiority of implant-retained 
overdentures when compared to conventional complete dentures in fully edentulous 
patients suffering from moderate to severe alveolar bone resorption with regards to 
efficacy, patients’ satisfaction and quality of their life.

Notes

All the cases presented in this chapter were patients from Dental Polyclinic Ars 
Salutaris, Zagreb, Croatia, and the laboratory work was done in Naturaldent dental 
laboratory, Zagreb, Croatia.

Author details

Dubravka Knezović Zlatarić1*, Robert Ćelić1 and Hrvoje Pezo2

1 Department of Removable Prosthodontics, School of Dental Medicine, University 
of Zagreb, Zagreb, Croatia

2 Dental Polyclinic Ars Salutaris, Zagreb, Croatia

*Address all correspondence to: knezovic@sfzg.hr

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Current Concepts in Dental Implantology - From Science to Clinical Research

338

[1] Cunha-Cruz J, Hujoel PP, 
Nadanovsky P. Secular trends in socio-
economic disparities in edentulism: USA, 
1972-2001. J Dent Res. 2007;86 (2):131-6. 
DOI: 10.1177/154405910708600205.

[2] Emami E, de Souza RF, Kabawat M, 
Feine JS. The impact of edentulism on 
oral and general health. Int J Dent. 
2013;2013:498305. DOI: 
10.1155/2013/498305.

[3] Müller F, Naharro M, Carlsson GE. 
What are the prevalence and incidence of 
tooth loss in the adult and elderly 
population in Europe? Clin Oral Implants 
Res. 2007;18 Suppl 3:2-14. DOI: 
10.1111/j.1600-0501.2007.01459.x.

[4] Douglass CW, Shih A, Ostry L. Will 
there be a need for complete dentures in 
the United States in 2020? J Prosthet Dent. 
2002;87(1):5-8. DOI: 10.1067/
mpr.2002.121203.

[5] Kailembo A, Preet R, Stewart 
Williams J. Common risk factors and 
edentulism in adults, aged 50 years and 
over, in China, Ghana, India and South 
Africa: results from the WHO Study on 
global AGEing and adult health (SAGE). 
BMC Oral Health. 2016;27;17(1):29. doi: 
10.1186/s12903-016-0256-2.

[6] Olofsson H, Ulander EL, Gustafson Y, 
Hörnsten C. Association between 
socioeconomic and health factors and 
edentulism in people aged 65 and older 
- a population-based survey. Scand J 
Public Health. 2018;46(7):690-8. DOI: 
10.1177/1403494817717406.

[7] Roberto LL, Crespo TS, 
Monteiro-Junior RS, Martins AMEBL, De 
Paula AMB, Ferreira EF, et al. 
Sociodemographic determinants of 
edentulism in the elderly population: A 

systematic review and meta-analysis. 
Gerodontology. 2019;36(4):325-37. DOI: 
10.1111/ger.12430.

[8] Lee DJ, Saponaro PC. Management of 
Edentulous Patients. Dent Clin North 
Am. 2019;63(2):249-61. DOI: 10.1016/j.
cden.2018.11.006.

[9] Balic A. Biology Explaining Tooth 
Repair and Regeneration: A Mini-Review. 
Gerontology. 2018;64(4):382-88. DOI: 
10.1159/000486592.

[10] Peyron MA, Woda A, Bourdiol P, 
Hennequin M. Age-related changes in 
mastication. J Oral Rehabil. 
2017;44(4):299-312. DOI: 10.1111/
joor.12478.

[11] Alves AC, Cavalcanti RV, 
Calderon PS, Pernambuco L, Alchieri JC. 
Quality of life related to complete 
denture. Acta Odontol Latinoam. 
2018;31(2):91-6.

[12] Lombardi T, Bernardello F, Berton F, 
Porrelli D, Rapani A, Camurri Piloni A, et 
al. Efficacy of Alveolar Ridge Preservation 
after Maxillary Molar Extraction in 
Reducing Crestal Bone Resorption and 
Sinus Pneumatization: A Multicenter 
Prospective Case-Control Study. Biomed 
Res Int. 2018;2018:9352130. DOI: 
10.1155/2018/9352130.

[13] Rahim-Wöstefeld S, El Sayed N, 
Weber D, Kaltschmitt J, Bäumer A, 
El-Sayed S, et al. Tooth-related factors for 
tooth loss 20 years after active periodontal 
therapy-A partially prospective study. J 
Clin Periodontol. 2020;47(10):1227-36. doi: 
10.1111/jcpe.13348.

[14] Tallgren A. The continuing reduction 
of the residual alveolar ridges in complete 
denture wearers: a mixed-longitudinal 

References



339

Implant-Retained Maxillary and Mandibular Overdentures - A Solution for Completely…
DOI: http://dx.doi.org/10.5772/intechopen.99575

study covering 25 years. J Prosthet Dent. 
1972; 27(2):120-32.

[15] McGarry TJ, Nimmo A, Skiba JF, 
Ahlstrom RH, Smith CR, Koumjian JH. 
Classification system for complete 
edentulism. The American College of 
Prosthodontics. J Prosthodont. 
1999;8(1):27-39. DOI: 10.1111/j.1532-
849x.1999.tb00005.x.

[16] Mazurat RD, Mazurat NM. 
Communicating complexity: using a 
diagnostic classification system for 
edentulous patients. J Can Dent Assoc. 
2003;69(8):511-4.

[17] Fitzpatrick B. Standard of care for 
the edentulous mandible: a systematic 
review. J Prosthet Dent. 2006;95(1): 
71-8. DOI: 10.1016/j.prosdent. 
2005.11.007.

[18] Yamaga E, Sato Y, Minakuchi S. A 
structural equation model relating oral 
condition, denture quality, chewing 
ability, satisfaction, and oral health-
related quality of life in complete denture 
wearers. J Dent. 2013;41(8):710-7. DOI: 
10.1016/j.jdent.2013.05.015.

[19] Canger EM, Celenk P. Radiographic 
evaluation of alveolar ridge heights of 
dentate and edentulous patients. 
Gerodontology. 2012;29(1):17-23. DOI: 
10.1111/j.1741-2358.2010.00391.x.

[20] Teng CJ, Lin SC, Chen JH, Chen Y, 
Kuo HC, Ho PS. The association between 
denture self-satisfaction rates and 
OHRQoL - a follow-up study. BMC Oral 
Health. 2020;20(1):140. DOI: 10.1186/
s12903-020-01119-1.

[21] Yamamoto S, Shiga H. Masticatory 
performance and oral health-related 
quality of life before and after complete 
denture treatment. J Prosthodont Res. 
2018;62(3):370-4. DOI: 10.1016/j.
jpor.2018.01.006.

[22] Närhi TO, Ettinger RL, Lam EW. 
Radiographic findings, ridge resorption, 
and subjective complaints of complete 
denture patients. Int J Prosthodont. 
1997;10(2):183-9.

[23] Karesvuo P, Gursoy UK, Pussinen PJ, 
Suominen AL, Huumonen S, Vesti E, et 
al. Alveolar bone loss associated with 
age-related macular degeneration in 
males. J Periodontol. 2013;84(1):58-67. 
DOI: 10.1902/jop.2012.110643.

[24] Clark D, Levin L. In the dental 
implant era, why do we still bother 
saving teeth? Dent Traumatol. 
2019;35(6):368-75. DOI: 10.1111/
edt.12492.

[25] Hebel K, Gajjar R, Hofstede T. 
Single-tooth replacement: bridge vs. 
implant-supported restoration. J Can 
Dent Assoc. 2000 Sep;66(8):435-8.

[26] Pjetursson BE, Heimisdottir K. 
Dental implants - are they better than 
natural teeth? Eur J Oral Sci. 2018;126 
Suppl 1:81-7. DOI: 10.1111/eos.12543.

[27] Ravidà A, Tattan M, Askar H, 
Barootchi S, Tavelli L, Wang HL. 
Comparison of three different types of 
implant-supported fixed dental 
prostheses: A long-term retrospective 
study of clinical outcomes and cost-
effectiveness. Clin Oral Implants Res. 
2019;30(4):295-305. DOI: 10.1111/
clr.13415.

[28] Chan MH, Holmes C. Contemporary 
“All-on-4” concept. Dent Clin North Am. 
2015;59(2):421-70. DOI: 10.1016/j.
cden.2014.12.001.

[29] Sadowsky SJ, Zitzmann NU. 
Protocols for the Maxillary Implant 
Overdenture: A Systematic Review. Int J 
Oral Maxillofac Implants. 2016;31 
Suppl:s182-91. DOI: 10.11607/
jomi.16suppl.g5.2.



Current Concepts in Dental Implantology - From Science to Clinical Research

340

[30] Chen KW, Lin TM, Liu PR, 
Ramp LC, Lin HJ, Wu CT, Pan YH. An 
analysis of the implant-supported 
overdenture in the edentulous mandible. 
J Oral Rehabil. 2013;40(1):43-50. DOI: 
10.1111/joor.12010.

[31] Borba M, Deluiz D, Lourenço EJV, 
Oliveira L, Tannure PN. Risk factors for 
implant failure: a retrospective study in 
an educational institution using GEE 
analyses. Braz Oral Res. 2017;31:e69. DOI: 
10.1590/1807-3107BOR-2017.vol31.0069.

[32] Ramanauskaite A, Becker J, Sader R, 
Schwarz F. Anatomic factors as 
contributing risk factors in implant 
therapy. Periodontol 2000. 
2019;81(1):64-75. DOI: 10.1111/
prd.12284.

[33] Salvi GE, Brägger U. Mechanical and 
technical risks in implant therapy. Int J 
Oral Maxillofac Implants. 2009;24 
Suppl:69-85.

[34] Goodacre CJ, Bernal G, 
Rungcharassaeng K, Kan JY. Clinical 
complications with implants and implant 
prostheses. J Prosthet Dent. 
2003;90(2):121-32. DOI: 10.1016/
S0022-3913(03)00212-9.

[35] Chrcanovic BR, Albrektsson T, 
Wennerberg A. Bone Quality and 
Quantity and Dental Implant Failure: A 
Systematic Review and Meta-analysis. Int 
J Prosthodont. 2017;30(3):219-37. DOI: 
10.11607/ijp.5142.

[36] Juodzbalys G, Kubilius M. Clinical 
and radiological classification of the 
jawbone anatomy in endosseous dental 
implant treatment. J Oral Maxillofac Res. 
2013;4(2):e2. DOI: 10.5037/
jomr.2013.4202.

[37] Thor A, Ekstrand K, Baer RA, 
Toljanic JA. Three-year follow-up of 
immediately loaded implants in the 

edentulous atrophic maxilla: a study in 
patients with poor bone quantity and 
quality. Int J Oral Maxillofac Implants. 
2014;29(3):642-9. DOI: 10.11607/
jomi.3163.

[38] Bryant SR, Zarb GA. Outcomes of 
implant prosthodontic treatment in older 
adults. J Can Dent Assoc. 
2002;68(2):97-102.

[39] Mericske-Stern R. Treatment 
outcomes with implant-supported 
overdentures: clinical considerations. J 
Prosthet Dent. 1998;79(1):66-73. DOI: 
10.1016/s0022-3913(98)70196-9.

[40] Melescanu Imre M, Marin M, 
Preoteasa E, Tancu AM, Preoteasa CT. 
Two implant overdenture--the first 
alternative treatment for patients with 
complete edentulous mandible. J Med 
Life. 2011;4(2):207-9.

[41] Feine JS, Carlsson GE, Awad MA, 
Chehade A, Duncan WJ, Gizani S, et al. 
The McGill consensus statement on 
overdentures. Mandibular two-implant 
overdentures as first choice standard of 
care for edentulous patients. Montreal, 
Quebec, May 24-25, 2002. Int J Oral 
Maxillofac Implants. 2002;17(4):601-2.

[42] White GS. Treatment of the 
edentulous patient. Oral maxillofac Surg 
Clin North Am. 2015;27(2):265-72. DOI: 
10.1016/j.coms.2015.01.005.

[43] Possebon APDR, Schuster AJ, 
Bielemann AM, Porto BL, Boscato N, 
Faot F. Evaluation of Bite Force and 
Masticatory Performance: Complete 
Denture vs Mandibular Overdenture 
Users. Braz Dent J. 2020;31(4):399-403. 
DOI: 10.1590/0103-6440202003525.

[44] Boven GC, Raghoebar GM, 
Vissink A, Meijer HJ. Improving 
masticatory performance, bite force, 
nutritional state and patient’s satisfaction 



341

Implant-Retained Maxillary and Mandibular Overdentures - A Solution for Completely…
DOI: http://dx.doi.org/10.5772/intechopen.99575

with implant overdentures: a systematic 
review of the literature. J Oral Rehabil. 
2015;42(3):220-33. DOI: 10.1111/
joor.12241.

[45] Awad MA, Rashid F, Feine JS; 
Overdenture Effectiveness Study Team 
Consortium. The effect of mandibular 
2-implant overdentures on oral health-
related quality of life: an international 
multicentre study. Clin Oral Implants 
Res. 2014;25(1):46-51. DOI: 10.1111/
clr.12205.

[46] Kutkut A, Bertoli E, Frazer R, 
Pinto-Sinai G, Fuentealba Hidalgo R, 
Studts J. A systematic review of studies 
comparing conventional complete 
denture and implant retained 
overdenture. J Prosthodont Res. 
2018;62(1):1-9. DOI: 10.1016/j.
jpor.2017.06.004.

[47] Thomason JM, Kelly SA, 
Bendkowski A, Ellis JS. Two implant 
retained overdentures--a review of the 
literature supporting the McGill and York 
consensus statements. J Dent. 
2012;40(1):22-34. DOI: 10.1016/j.
jdent.2011.08.017.

[48] Allen PF, McMillan AS. The impact 
of tooth loss in a denture wearing 
population: an assessment using the Oral 
Health Impact Profile. Community Dent 
Health. 1999;16(3):176-80.

[49] Bergendal T, Engquist B. Implant-
supported overdentures: a longitudinal 
prospective study. Int J Oral Maxillofac 
Implants. 1998;13(2):253-62.

[50] Rasmussen RA. The Branemark 
System of Oral Reconstruction: A 
Clinical Atlas. St. Louis: Ishiyaku 
EuroAmerica, Inc.;1992.

[51] Feine JS, de Grandmont P, Boudrias P, 
Brien N, LaMarche C, Taché R, et al. 
Within-subject comparisons of 

implant-supported mandibular 
prostheses: choice of prosthesis. J Dent 
Res. 1994;73(5):1105-11. DOI: 
10.1177/00220345940730051301.

[52] de Grandmont P, Feine JS, Taché R, 
Boudrias P, Donohue WB, Tanguay R, et 
al. Within-subject comparisons of 
implant-supported mandibular 
prostheses: psychometric evaluation. J 
Dent Res. 1994;73(5):1096-104. DOI: 
10.1177/00220345940730051201.

[53] Misch C. Dental Implant Prosthetics. 
2nd ed. Amsterdam: Elsevier; 2014.

[54] Mericske-Stern R, Oetterli M, 
Kiener P, Mericske E. A follow-up study 
of maxillary implants supporting an 
overdenture: clinical and radiographic 
results. Int J Oral Maxillofac Implants. 
2002;17(5):678-86.

[55] Di Francesco F, De Marco G, 
Capcha EB, Lanza A, Cristache CM, 
Vernal R, et al. Patient satisfaction and 
survival of maxillary overdentures 
supported by four or six splinted implants: 
a systematic review with meta-analysis. 
BMC Oral Health. 2021;21(1):247. doi: 
10.1186/s12903-021-01572-6.

[56] Di Francesco F, De Marco G, Gironi 
Carnevale UA, Lanza M, Lanza A. The 
number of implants required to support a 
maxillary overdenture: a systematic 
review and meta-analysis. J Prosthodont 
Res. 2019;63(1):15-24. DOI: 10.1016/j.
jpor.2018.08.006.

[57] Hegazy SA, El Mekawy N, 
Emera RMK. Impact of implants number 
and attachment type on the peri-implant 
stresses and retention of palateless 
implant-retained overdenture. Ind J Dent 
Res. 2020;31(3):414-9. DOI: 10.4103/ijdr.
IJDR_772_18.

[58] Klemetti E. Is there a certain number 
of implants needed to retain an 



Current Concepts in Dental Implantology - From Science to Clinical Research

342

overdenture? J Oral Rehabil. 2008;35 
Suppl 1:80-4. DOI: 
10.1111/j.1365-2842.2007.01825.x.

[59] Mericske-Stern RD, Taylor TD, 
Belser U. Management of the edentulous 
patient. Clin Oral Implants Res. 2000;11 
Suppl 1:108-25.

[60] Kiener P, Oetterli M, Mericske E, 
Mericske-Stern R. Effectiveness of 
maxillary overdentures supported by 
implants: maintenance and prosthetic 
complications. Int J Prosthodont. 
2001;14(2):133-40.

[61] Shah K, Yilmaz B, McGlumphy E. 
Fabrication of a Mandibular Implant-
Supported Overdenture with a New 
Attachment System: A Review of 
Current Attachment Systems. Int J 
Prosthodont. 2017;30(3):245-7. DOI: 
10.11607/ijp.5068.

[62] Liu W, Zhang X, Qing H, Wang J. 
Effect of LOCATOR attachments with 
different retentive forces on the stability 
of 2-implant-retained mandibular 
overdenture. J Prosthet Dent. 
2020;124(2):224-9. DOI: 10.1016/j.
prosdent.2019.09.005.

[63] Nogueira TE, Dias DR, Leles CR. 
Mandibular complete denture versus 
single-implant overdenture: a systematic 
review of patient-reported outcomes. J 
Oral Rehabil. 2017;44(12):1004-6. DOI: 
10.1111/joor.12550.

[64] Mahoorkar S, Bhat S, Kant R. Single 
implant supported mandibular 
overdenture: A literature review. J Indian 
Prosthodont Soc. 2016;16(1):75-82. DOI: 
10.4103/0972-4052.164881.

[65] Kern JS, Kern T, Wolfart S, 
Heussen N. A systematic review and 
meta-analysis of removable and fixed 
implant-supported prostheses in 
edentulous jaws: post-loading implant 

loss. Clin Oral Implants Res. 
2016;27(2):174-95. DOI: 10.1111/clr.12531.

[66] Payne AG, Alsabeeha NH, Atieh MA, 
Esposito M, Ma S, Anas El-Wegoud M. 
Interventions for replacing missing teeth: 
attachment systems for implant 
overdentures in edentulous jaws. 
Cochrane Database Syst Rev 
2018;10(10):CD008001. DOI: 
10.1002/14651858.CD008001.pub2.

[67] Matthys C, Vervaeke S, Besseler J, 
Doornewaard R, Dierens M, De Bruyn H. 
Five years follow-up of mandibular 
2-implant overdentures on locator or ball 
abutments: Implant results, patient-
related outcome, and prosthetic 
aftercare. Clin Implant Dent Relat Res. 
2019;21(5):835-44. DOI: 10.1111/
cid.12840.

[68] Takahashi T, Gonda T, Tomita A, 
Maeda Y. Effect of Attachment Type on 
Implant Strain in Maxillary Implant 
Overdentures: Comparison of Ball, 
Locator, and Magnet Attachments. Part 
2: Palateless Dentures. Int J Oral 
Maxillofac Implants. 2018;33(2):357-64. 
DOI: 10.11607/jomi.6157.

[69] Ceruti P, Bryant SR, Lee JH, 
MacEntee MI. Magnet-retained implant-
supported overdentures: review and 
1-year clinical report. J Can Dent Assoc. 
2010;76:a52.

[70] Boven GC, Meijer HJA, Vissink A, 
Raghoebar GM. Maxillary implant 
overdentures retained by use of bars or 
locator attachments: 1-year findings from 
a randomized controlled trial. J 
Prosthodont Res. 2020;64(1):26-33. DOI: 
10.1016/j.jpor.2019.04.013.

[71] Pisani M, Bedos C, da Silva CHL, 
Fromentin O, de Albuquerque RF Jr. A 
Qualitative Study on Patients’ 
Perceptions of Two Types of 
Attachments for Implant Overdentures. J 



343

Implant-Retained Maxillary and Mandibular Overdentures - A Solution for Completely…
DOI: http://dx.doi.org/10.5772/intechopen.99575

Oral Implantol. 2017;43(6):476-81. DOI: 
10.1563/aaid-joi-D-17-00166.

[72] Leão RS, Moraes SLD, 
Vasconcelos BCE, Lemos CAA, 
Pellizzer EP. Splinted and unsplinted 
overdenture attachment systems: A 
systematic review and meta-analysis. J 
Oral Rehabil. 2018;45(8):647-56. doi: 
10.1111/joor.12651.

[73] Di Francesco F, De Marco G, 
Sommella A, Lanza A. Splinting vs Not 
Splinting Four Implants Supporting a 
Maxillary Overdenture: A Systematic 
Review. Int J Prosthodont. 
2019;32(6):509-18. DOI: 10.11607/
ijp.6333.

[74] de Almeida EO, Rocha EP, Freitas AC 
Jr, Freitas MM Jr. Finite element stress 
analysis of edentulous mandibles with 
different bone types supporting 
multiple-implant superstructures. Int J 
Oral Maxillofac Implants. 
2010;25(6):1108-14.

[75] de Almeida EO, Rocha EP, 
Assunção WG, Júnior AC, Anchieta RB. 
Cortical bone stress distribution in 
mandibles with different configurations 
restored with prefabricated bar-
prosthesis protocol: a three-dimensional 
finite-element analysis. J Prosthodont. 
2011;20(1):29-34. DOI: 
10.1111/j.1532-849X.2010.00656.x.

[76] Semper W, Heberer S, Nelson K. 
Retrospective analysis of bar-retained 
dentures with cantilever extension: 
marginal bone level changes around 
dental implants over time. Int J Oral 
Maxillofac Implants. 2010; 25(2): 
385-93.

[77] Elsyad MA, Al-Mahdy YF, 
Salloum MG, Elsaih EA. The effect of 
cantilevered bar length on strain around 
two implants supporting a mandibular 
overdenture. Int J Oral Maxillofac 

Implants. 2013; 28(3):e143-50.DOI: 
10.11607/jomi.2467.

[78] Bilhan H, Mumcu E, Arat S. The 
comparison of marginal bone loss around 
mandibular overdenture-supporting 
implants with two different attachment 
types in a loading period of 36 months. 
Gerodontology. 2011;28(1):49-57. DOI: 
10.1111/j.1741-2358.2009.00334.x.

[79] Sadowsky SJ, Caputo AA. Effect of 
anchorage systems and extension base 
contact on load transfer with mandibular 
implant-retained overdentures. J 
Prosthet Dent. 2000;84(3):327-34.

[80] Ebadian B, Mosharraf R , 
Khodaeian N. Effect of cantilever length 
on stress distribution around implants in 
mandibular overdentures supported by 
two and three implants. Eur J Dent. 
2016;10(3):333-40. DOI: 
10.4103/1305-7456.184152.

[81] Joshi S, Kumar S, Jain S, Aggarwal R, 
Choudhary S, Reddy NK. 3D Finite 
Element Analysis to Assess the Stress 
Distribution Pattern in Mandibular 
Implant-supported Overdenture with 
Different Bar Heights. J Contemp Dent 
Pract. 2019;20(7):794-800.

[82] Ionescu C, Gălbinaşu BM, 
Manolea H, Pătraşcu I. Implant 
overdenture and Locator system in 
edentulous patient with severely 
resorbed mandible - a case report. Rom J 
Morphol Embryol. 2014;55 Suppl 2:693-6.

[83] Assaf A, Daas M, Boittin A, Eid N, 
Postaire M. Prosthetic maintenance of 
different mandibular implant 
overdentures: A systematic review. J 
Prosthet Dent. 2017;118(2):144-52.e5. 
DOI: 10.1016/j.prosdent.2016.10.037.

[84] Osman RB, Payne AG, Ma S. 
Prosthodontic maintenance of maxillary 
implant overdentures: a systematic 



Current Concepts in Dental Implantology - From Science to Clinical Research

344

literature review. Int J Prosthodont. 
2012;25(4):381-91.

[85] Osman RB, Ma S. Prosthodontic 
maintenance of overdentures on zirconia 
implants: 1-year results of a randomized 
controlled trial. Int J Prosthodont. 
2014;27(5):461-8. DOI: 10.11607/ijp.3626.

[86] Krennmair G, Krainhöfner M, 
Piehslinger E. The influence of bar design 
(round versus milled bar) on 
prosthodontic maintenance of 
mandibular overdentures supported by 4 
implants: a 5-year prospective study. Int J 
Prosthodont. 2008;21(6):514-20.

[87] Cakarer S, Can T, Yaltirik M, 
Keskin C. Complications associated with 
the ball, bar and Locator attachments for 
implant-supported overdentures. Med 
Oral Patol Oral Cir Bucal. 
2011;16(7):e953-9. DOI: 10.4317/
medoral.17312.

[88] ELsyad MA, Errabti HM, 
Mustafa AZ. Mandibular Denture Base 
Deformation with Locator and Ball 
Attachments of Implant-Retained 
Overdentures. J Prosthodont. 
2016;25(8):656-64. DOI: 10.1111/
jopr.12356.

[89] Payne AG, Solomons YF. Mandibular 
implant-supported overdentures: a 
prospective evaluation of the burden of 
prosthodontic maintenance with 3 
different attachment systems. Int J 
Prosthodont. 2000;13(3):246-53.

[90] Watson RM, Jemt T, Chai J, Harnett J, 
Heath MR, Hutton JE, Johns RB, 
Lithner B, McKenna S, McNamara DC, 
Naert I, Taylor R. Prosthodontic 
treatment, patient response, and the 
need for maintenance of complete 
implant-supported overdentures: an 
appraisal of 5 years of prospective study. 
Int J Prosthodont. 1997;10(4):345-54.

[91] Park JH, Shin SW, Lee JY. Bar versus 
ball attachments for maxillary four-
implant retained overdentures: A 
randomized controlled trial. Clin Oral 
Implants Res. 2019;30(11):1076-84. DOI: 
10.1111/clr.13521.

[92] Naert I, Gizani S, van Steenberghe D. 
Rigidly splinted implants in the resorbed 
maxilla to retain a hinging overdenture: a 
series of clinical reports for up to 4 years. 
J Prosthet Dent. 1998;79(2):156-64. DOI: 
10.1016/s0022-3913(98)70210-0.



345

Chapter 17

Strategic Implants under Existing 
Partial Removable Dentures, Why, 
How Many, and Which Type?
Ahmad Al Jaghsi

Abstract

Inserting strategic implants under existing removable partial dentures requires 
a comprehensive understanding of removable prosthodontic basics and possible 
designs, as well as a thorough understanding of implant therapy. Prior to the wide-
spread adoption of implants as standard prosthetic therapy, remaining roots were 
preserved and used to minimize bone resorption under the removable denture. Root-
supported overdentures become less common after the overwhelming clinical studies 
that emphasize dental implants’ reliability and high success and survival rate. Fixed 
prostheses cannot be used to treat a severely decreased dentition unless a significant 
number of implants can be inserted, sufficient bone quantity and quality are avail-
able, and the patients can afford the treatment. On the other hand, using strategic 
implants under existing RPD upgrades the design to a more favorable support type. It 
improves patient satisfaction with the RPD in speaking, chewing, retention, stability, 
and RPD support. This improvement could be reached earlier if the patient received 
immediate loading. Strategic implants can also improve chewing ability, stabilize the 
occlusion, increase bite force and improve patient oral health-related quality of life. 
Moreover, better distribution of occlusal forces that may reduce bone resorption may 
be gained. Furthermore, strategic implants can improve comfort, confidence, and 
esthetics by reducing the RPD size and removing the retainers from the esthetic zone.

Keywords: strategic implants, mini-implants, immediate loading, delayed loading, 
removable partial dentures, implant-assisted removable partial dentures,  
patient satisfaction

1. Introduction

Dental implant service is a life-changing treatment modality for many patients. 
Giving our patients a fixed restoration is a very rewarding procedure, especially if the 
patients have difficulties: gage reflex, bulky prostheses, lack in retention, stability, 
or support. Unfortunately, this is not applicable for all patients, especially patients 
who cannot afford multiple implants or bone grafting. By considering the strategic 
implants under the existing removable partial denture (RPD), we make implant treat-
ment simple and affordable for more patients.
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The removable partial denture (RPD) is the dental prostheses that the patient, 
who suffers the absence of some but not all the natural teeth, can readily insert and 
remove from his/her mouth. The prostheses restore the missing teeth as well as the 
gingiva and the missing bone if needed. Removable partial dentures (RPDs) are 
indicated for patients with a long edentulous span, too long for a fixed prosthesis. 
The RPD is indicated for a patient with no posterior abutment to support a fixed 
prosthesis, and the cantilever bridge is contraindicated. Also, it is preferred if exces-
sive alveolar bone loss is encountered, especially in the esthetic zone. Those patients 
who are not indicated for bone grafting or unable to afford the costly treatment are 
good candidates for the removable denture (RD). The acrylic flang is a good approach 
to compensate for the bone and soft tissue deficiency within a short fabrication time 
and a less aggressive approach. Moreover, this treatment option allows the patient to 
remove his prostheses for easier intraoral access, subsequently, better oral hygiene. 
The RD enables the dentist to repair or adjust the prostheses easily.

On the other hand, RD is less secure with limited retention and stability than 
fixed prostheses. RD metal clasp may compromise the final esthetic result. It may 
act as a gum stripper and accelerate alveolar bone resorption. These drawbacks in 
the RD can be managed by upgrading the RD using strategic implants, which are 
“the implants that change the prosthetic support type to a more favorable configu-
ration” [1].

In this chapter the folllowing points is going to be discussed:

1. Classification as a systematic approach for communication and planning:

• Kennedy classification system

• Steffel classification and modified Steffel classification

• Implant-Corrected Kennedy (ICK) Classification System for Partially 
Edentulous Arches

• Strategic mini dental implants (MDI) and standard dental implant (SDI) under 
existing RPD, how many implant?

• The abutment prosthetic value

2. Immediate and delayed restoration/loading, what is the difference?

3. Why strategic implant?

4. Mini-implant-assisted removable partial denture

5. Conclusion

2.  Classification as a systematic approach for communication and 
planning

A classification is a systematic approach in which the items or units are categories 
in groups or subgroups according to specific criteria. This approach facilitates the 
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discussion regarding the most suitable treatment options, eases the communication 
between the dentist and the technician. The classification also allows for visualization 
and differentiation between the RPD support types: tooth-supported, tooth tissue-
supported, tissue-supported, implant-supported, implant tissue-supported, and 
implant tooth-supported.

2.1 Kennedy classification system

In 1925 Dr. Edward Kennedy introduced his approach of categorizing partially 
edentulous arches into four classes. He categorized the partially edentulous arches in a 
way that considered the edentulous area position in the arch and if it was surrounded 
with teeth or not. This approach was beneficial in visualizing the cases and reaching 
the decisions regarding the RPD designs.

The following is the Kennedy classification:
Class I: Edentulous free-end areas located on both sides (bilateral), posterior to the 

remaining teeth (Figure 1).
Class II: Edentulous free-end area located on one side (unilateral), posterior to the 

remaining teeth (Figure 2).
Class III: Edentulous bounded area with natural teeth remaining both anterior and 

posterior to it (Figure 3). The area is located on one side (unilateral).

Figure 1. 
Class I maxillary arch.

Figure 2. 
Class II maxillary arch.
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Class IV: Edentulous bounded area with natural teeth remaining posterior to it. 
The area is located anteriorly and crossing the mid-line (Figure 4).

In 1965 Applegate’s added eight rules to the classification. The rules can be summa-
rized by the following: The categorization (classification) is always determined by the 
most posterior edentulous region (or regions). Any additional edentulous area (other 
than those that define the categorization) is considered a modification (Figures 6 and 7). 
If the teeth posterior to the edentulous area are not used to support the RPD, the edentu-
lous area is classified as a free end (Figures 5 and 7), and vice versa (Figures 6 and 7). If 
the posterior free end edentulous region is not going to receive artificial teeth, it will not 
be considered in the classification (Figures 6–8), and vice versa. Putting the design and 
the structure of the RPD into consideration is a cornerstone in giving the correct RPD 
classification. Subsequently, the classification will be the start point making the best clini-
cal decision regarding the number and the position of strategic implants under the RPD.

2.2 Steffel classification

In 1962 Steffel described six support possibilities that can be encountered in RPD 
[2]. He labeled the classification categories from A to F based on the fulcrum, and the 
number and distribution of the abutments, Figure 9. The fulcrum line is a hypotheti-
cal line formed between abutments, teeth or implants. The RPD may rotate somewhat 
around the fulcrum during function.

Figure 4. 
Class IV maxillary arch.

Figure 3. 
Class III maxillary arch.
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In this chapter, we suggest a modification to this classification to simplify the com-
munication and decision-making regarding the strategic implant under the existing 
RPD. In the modification, B, C, and D will be labeled together.

Figure 6. 
Direct retainer is going to be constructed on 37. No artificial teeth is going to replace 46, 47 or 48 → no free end → 
Class III mod 1 mandibular arch.

Figure 7. 
No artificial teeth is going to replace, 48. Direct retainer is going to be constructed on 37 but not on 47 → one free 
end → Class II mod 3 mandibular arch.

Figure 5. 
No rest is going to be costructed on # 38 or 37 → the arch has two free end areas → Class I mandibular arch.
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The following is the modified Steffel classification:

• Punctual-support, only one abutment.

• Linear-support, two abutments; separated with edentulous area or at least 
one tooth.

• Triangular-support, three well-distributed abutments; separated with edentulous 
area or at least one tooth. One of the abutments should be on the opposite quadrant.

• Quadrangular-support, two well-distributed abutments on every  
quadrant.

Figure 9. 
Steffel classification.

Figure 8. 
No artificial teeth is going to replace, 38, 37, 36, 47 or 48. Class IV mandibular arch.
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Providing the patient with a stable prosthesis is a crucial target for the dentist. 
However, the RPD is not rigidly attached to the intraoral hard (teeth) and soft 
(mucosa) tissues, which have different levels of compressibility and mobility. 
Subsequently, the chewing and occlusal forces may generate different levels of 
tissue stress and prosthesis mobility. Both (stress and mobility) should be within the 
physiological level and cause no harm or trauma. Achieving this critical goal depends 
on the clinician’s understanding of the biomechanics and the different design solu-
tions. The RPD design should consider the unique nature of each clinical case and 
counter the expected RPD movement in response to loading. The design also should 
minimize the potentially destructive forces that may affect the supporting tissues; 
teeth, mucosa, and bone. That can be achieved by avoiding a long lever system, good 
selection for the RPD supporting elements, and wide symmetrical distribution of the 
functional forces [3, 4]. Many of the previous points (if not all) can be achieved (fully 
or partially) by delivering an RPD with quadrangular-support type.

According to the modified Steffel classification, there are four types of prosthetic 
support: punctual, linear, triangular, and quadrangular. The RPD support improves 
gradually as the classification change from I to IV. Classification IV provides the best 
support to the RPD with the highest resistance of rotation. The strategic implant aims 
to change the prosthetic support type to a more favorable configuration. Delivering an 
RPD with a better support type can be considered the start point in a multifactorial process 
for deciding the number, type, and position of strategic implants.

2.3  Implant-corrected kennedy (ICK) classification system for partially 
edentulous arches

One of the simple classification systems for RPD supported with implants or 
implants and natural teeth is Implant-Corrected Kennedy (ICK) classification 
system for partially edentulous arches by Al-Johany et al. [5]. The ICK is based on the 
Kennedy classification system and the Applegate eight rules (Applegate–Kennedy sys-
tem) [6]. According to the ICK classification system coding guidelines, the Kennedy 
classification comes first, followed by the number of modification spaces (Applegate 
rules). Finally, round brackets enclose # followed by the implant’s or implants’ posi-
tion will be added, Figures 10–18.

Figure 10. 
ICK I (# 25).
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2.4  Strategic mini dental implants (MDI) and standard dental implant (SDI) 
under existing RPD, how many implant?

Meeting our patient’s expectations is a priority. That cannot be reached if the dentist 
did not provide the patient with a full straightforward clarification for the treatment 
plan. The clarification should cover the advantages, disadvantages, risks, time, cost, and 
alternatives. The explanation should be done in a way that helps both the patient first 
and the dentist second to reach the decision that best matches the patients’ needs, health 

Figure 13. 
ICK II mod 1 (# 16, 13, 23).

Figure 11. 
ICK II mod 2 (# 33, 36). Direct retainer is going to be constructed on 28.

Figure 12. 
ICK II mod 3 (# 13, 23). Direct retainer is going to be constructed on 28.
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status, and financial ability, as well as respect the patient’s chief complaint and consid-
eration. Generally speaking, teeth-implant- or implant-supported removable dentures 
reduce (and in many cases eliminate) traditional denture problems [1, 7–9]. It helps the 
dentist widen his options to meet the patient’s needs and expectations by inserting one or 
few implants in strategic positions, but how many implants?

The needed number of mini dental implants (MDIs) or standard dental implants 
(SDIs) under existing RPD is a multifactorial process (see paragraph 2.5) and taken 
on the quadrant level. To give the patient an RPD with acceptable retention, stability, 

Figure 14. 
ICK II (# 35, 33, 43).

Figure 15. 
ICK III mod 3 (# 41).

Figure 16. 
ICK III mod 1 (# 34, 42).
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and support, the abutments should be well distributed. Two abutments on every 
quadrant in symmetrical position as possible are needed. On every quadrant, the sum 
of the abutments prosthetic value should be ≥2, Table 1 and Figure 19. The abut-
ment prosthetic value is defined as the importance of the tooth or implant from a specific 
prosthodontic point of view, (see paragraph 2.5). The availability of several abutments 
on both sides allows a wide distribution of stress, improving bilateral stabilization, 
support, and stability [2]. Many studies reported the positive impact of more abut-
ments and wide distribution [10–13]. Although putting two implants in the lower 
edentulous jaw is widely accepted in the literature,[14] achieving a quadrangular-
support type needs at least two MDIs or two SDIs in every quadrant. In the edentulous 
upper jaw, which generally has less bone density than the lower jaw,[15] two SDIs or 
three MDIs in every quadrant are needed [16].

For partially edentulous patients, the abutments can be implants or natural teeth and 
should be well-distributed with a sum of the prosthetic value ≥2 on quadrant level.

Deciding the number of the strategic implants can be started with Table 1, but it will be 
finished after a comprehensive evaluation of the case, see paragraph 2.5.

2.5 The abutment prosthetic value

In the course of formulating the prosthodontic plan, not all teeth or abutments have 
the same prosthetic value. The prosthetic value stands for the importance of the tooth 

Figure 17. 
ICK III mod 1 (# 13, 23).

Figure 18. 
ICK IV (# 33, 43). Direct retainers are going to be constructed on 36 and 47. No artificial teeth are going to replace 
37 or 38.
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or implant from a specific prosthodontic point of view. The last first molar (#36) in 
Figure 20 has a very high prosthetic value than the lateral incisor #32. Extracting #36 
shifts the treatment modality (if an implant is not feasible) from fixed partial denture to 

Figure 19. 
(A1 upper jaw and A2 lower jaw to G1 upper jaw): The recommended number of strategic standard implants 
(SDIs) or mini dental implants (MDIs) under existing RPD.

The abutments prosthetic value

Teeth Upper or lower incisor or lateral incisor 0–0.5*

Upper or lower canine 1.3**

Upper or lower premolar or molar 1***

MDI Upper MDI 0.5–0.7****

lower MDI 1

SDI Upper Standard Implant 1

Lower Standard Implant 1
*The numbers represent the prosthetic value if abutment rest is planned; if not, the value will be 0.
**If the four natural anterior abutment teeth are missing (11, 12, 13, 14), strategic implant/s is recommended even if all 
posterior teeth are available, and vice versa.
***If there is no space ( edentulous area or at least one natural tooth) between the abutment teeth, the prosthetic value 
will decrease to 0.5 for each abutment.
****Bone quality impacts the MDI prosthetic value.

Table 1. 
The prosthetic value of the available teeth and the planned MDIs and SDIs. The recommendations are on the 
quadrant level.
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removable partial denture. Suppose the dentist changes his prosthodontic point of view 
by selecting RPD as a treatment modality. In that case, the prosthetic value of #36 will be 
reduced a little for this specific treatment modality. However, the prosthetic value for the 
same tooth (#36, Figure 20) and the same treatment modality (RPD) will be very high 
if the patient has a knife-edge thin, sensitive mucosa. Usually, this type of patient can 
tolerate tooth-tooth-supported RPD better than tooth tissue-supported RPD. Therefore, 
it can be concluded that: estimating the prosthetic value of an abutment is a multifactorial 
assessment. This estimation includes the intraoral, extraoral, and general health status 
and many other factors like esthetics.

The hidden #23 MDI under the saddle (Figure 21) has a very high esthetic 
value as it helps the dentist avoid metal clasp in the esthetic zone. In some cases, 

Figure 20. 
The #36 has a very high prosthetic value because the extracting change the treatment modality (if implant is not 
feasible) from fixed partial denture to removable partial denture.
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strategic implants enable the dentist to reduce or remove the flange to achieve a 
better esthetic result by reducing lip protrusion. In other cases, it gives the dentist 
the ability to minimize the RPD size (palate, Figure 24) and increase patient 
acceptance.

The prosthetic value (importance) for each abutment is estimated according to 
Table 1 and mainly the following points: [11, 12, 17, 18].

• Periodontal status, mobility, and bone level around the abutment.

• Crown-root ratio.

• Tooth vitality, size of the defect (caries), size, and type of the restoration.

• The shape and number of the abutment roots.

• Occlusion, parafunctional activity and opposite jaw status: natural  
teeth, implant, fixed partial denture, complete denture, or partial  
denture.

Figure 21. 
The SDI #23 and MDI #33 have very high esthetic value as they help the dentist avoiding anterior metal clasps. 
#27 and MDI 35 have relatively high prosthetic value as they shift the RPD from tooth tissue supported to more 
implant tooth-supprted or implat implant-supported RPD.
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3. Immediate and delayed restoration/loading, what is the difference?

In 1981 Albrektsson et al. suggested a protocol in which the implants are left to heal 
in situ for at least 3 to 4 months without loading [19]. He considered the non-loading 
phase a crucial period to achieve successful osseointegration and avoid fibrous tissue 
formation between the implant surface and the bone. On the other hand, many clini-
cal studies proved that immediate restoration, immediate loading, or early loading are 
acceptable treatment modalities [20, 21]. These studies were in response to the social 
and psychological needs of many patients. The immediate or early treatment modali-
ties aim to reduce the overall recovery time between the surgical intervention and the 
insertion of the final restoration. These approaches are known as immediate restoration 
protocol, immediate loading protocol, and early loading protocol.

Patients typically are uncomfortable and, in many cases, refuse to stay without 
their RPD for a long time, especially if it restores a lot of missing teeth or teeth in the 
esthetic zone. The immediate protocols can reduce the patient concerns related to the 
final restoration by reducing the waiting period. In some cases, a temporary restora-
tion is immediately delivered to give the patient a hint on the form, size, and position 
(in some cases, the shade) of the final restoration. Moreover, the second surgical 
intervention can be averted through immediate protocols. To achieve a good success 
rate in this treatment modality, a good understanding of the topic, terminology, 
limitation, and biology is essential. These topics will be discussed in other chapters, 
but it is crucial to clarify a few terms.

The loading can be classified into four categories:

• Conventional loading: The implants are left without loading for around two to 
three months.

• Delayed loading: If the loading on the implant is applied after the conventional 
loading time, it is classified as delayed. That can be indicated if the tissue 
needs more healing time, such as external sinus lift with bone grafting. In such 
cases, the final restoration and implant loading may be applied after six to 
nine months.

• Early loading: The implant is loaded by placing dental restoration in contact 
with opposing dentition at any time after one week but within two months after 
implant insertion.

• Immediate loading: The dental restoration is inserted intraorally and placed in 
contact with opposing dentition within one week after the surgical intervention.

The timing of dental restoration can also be categorized to:

• Conventional restoration in which the implant is left without temporary or final 
restoration for around two to three months.

• Immediate restoration: The temporary or final restoration is placed within one 
week after surgical intervention.

• Early restoration: The temporary or final restoration is placed any time after one 
week but within two months after implant insertion.
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• Delayed restoration: If the dental restoration is placed intraorally after the 
conventional loading time, the restoration is classified as delayed restoration.

According to the previous classifications, the dentist has different types of inter-
vention. For example, he can go for immediate restoration with conventional loading 
or implement early restoration with delayed loading.

In the case of the strategic implant under existing RPD, there are seven sce-
narios: immediate restoration with one of the four loading types, or early restora-
tion with early, conventional, or delayed loading. The decision regarding the best 
approach is multifactorial: age, esthetic expectations, oral hygiene level, bone 
quality and quantity, and treatment expenses. According to the 2018 census sup-
ported by the International Team for Implantology (ITI), the most critical factors 
that may impact the loading protocol selection are patient-related factors, espe-
cially patient’s general health, implant primary stability (ISQ ), bone grafting, the 
size and shape of the implant, and the doctor skills and experience [22]. Moreover, 
the ITI tried to unify the two classifications (loading and restoration timing) to 
make it less complicated for the clinician and easier for the researchers to perform 
clinical studies and compare their results. They described four protocols:

a. Immediate loading: Within one week after implant placement, dental implants 
are linked to a prosthesis in occlusion with the opposing arch.

b. Immediate restoration: Within one week after implant placement, dental 
implants are linked to the dental restoration and are kept out of occlusion.

c. Early loading: Between one week and two months following implant placement, 
dental implants are linked to the prosthesis.

d. Conventional loading: dental implants are linked to the prosthesis after two 
months of implantation.

4. Why strategic implant?

Improving dental treatment output by using implants to enhance the functional 
performance of the complete denture is a well-known approach in prosthodontics. 
The McGill Consensus Statement stated that the first option in treating the lower 
jaw edentulous patient should be two implants retained overdenture and not lower 
jaw conventional complete denture (CD) [23]. Overwhelming scientific evidence 
supports the statement [23]. The evidence emphasized the superiority of two 
implants retained overdenture treatment modality on the conventional CD in many 
aspects, such as patients’ chewing efficiency, positive modification in patients’ diet, 
patients’ satisfaction with the CD stability, retention, and comfort as well as quality 
of life [23]. Although a lot of scientific evidence highlighted the positive impact of 
inserting implants under existing RPD, no similar Consensus Statement is available 
regarding implant-retained or implant-assisted removable partial denture [24–26].

Not all patients are suitable for implant-supported fixed dental prostheses. For 
example, many patients are unwilling to have an extra surgical intervention (bone 
grafting, sinus lifting, bone splitting, or expansion). Other patients are not suit-
able for such intervention because they are medically compromised or do not have 
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adequate financial flexibility. As an alternative to inserting multiple implants, the 
dentist can improve the quality of the prosthodontic treatment by changing the 
support type of the RPD to the quadrangular-support type. The improvement can be 
achieved by inserting one/two standard implants or one/two/three mini-implants per 
quadrant to reach a symmetrical quadrangular-support type. The prostheses will be 
tooth implant-supported RPD instead of tooth tissue-supported RPD. This prosth-
odontic approach is affordable to many patients.

Figure 22. 
Upgrading the existing clasp retained lower RPD by inserting strategic mini-implants, immediate restoration with 
immediate loading/soft material. A- Intraoral image with lower RPD before implantation. B- Partial edentulous 
lower jaw before implantation. C- Tissue surface of the RPD before implantation. D- Four strategic mini-
implants in the interforaminal region, tooth 32 was extracted. E- Tissue surface of the RPD after implantation, 
soft relining in the areas opposing the implants’ head. F- Tissue surface of the RPD after 4 months, the matrix 
pick-up (housings). G- Intraoral image with lower RPD after the housing, clasps in esthetic zone were removed.
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The strategic implant is “the implant that can change the prosthetic support 
type to a more favorable configuration” [1]. It is a reliable way of treatment with an 
implant survival rate of 91.7–100% [4]. Also, it can support both the RPD and the 
other abutments effectively. In two clinical studies with 2 and 3 years follow-up, the 
survival rate of the natural teeth abutments was 100% [9, 24].

Moreover, it can improve the survival rate of the RPD. The 10-year survival rate of 
RPDs; clasp-retained removable partial dentures, conical crown-retained dentures, 
or a combination of conical crown and clasp-retained dentures is 71.3% [27]. On 
the other hand, clinical studies with observation periods between 1 and 12.2 years 
reported survival rates of 90–100% for the implant-assisted removable partial 
denture prostheses [7, 28–31]. This remarked difference in the survival rate plays an 
essential role in formulating the prosthodontic plan.

Many clinical studies have shown that implant placement in strategic locations 
under an existing RPD can enhance chewing efficiency, dental health-related quality 
of life, and patient satisfaction with speaking and eating, as well as RPD retention, 
stability, and support [1, 8, 32]. Above that, it gives the dentist the ability to reduce the 
tissue coverage and reduce the size of the RPD, which can positively impact the patient’s 
acceptance of the RPD, especially if he suffers hyperactive gag reflex, Figure 24.  
Also, it can improve the final esthetic result by avoiding the traditional metal clasp, 
Figures 19 and 22.

Unfortunately, inserting a standard implant under the existing RPD is not always 
feasible. The patient may have a very narrow bone that prevents inserting a standard 
implant without bone grafting. A procedure that is not suitable or acceptable by some 
patients. In this case, mini-implants can be considered a good alternative, Figures 22 
and 25 [1, 8, 16].

5. Mini-implant-assisted removable partial denture

In 1976, the U.S. Food and Drug Administration (FDA) approved the 3 mm 
root-form dental implant. With time, dental implants proved to be a predictable and 
reliable prosthodontic treatment modality with a high success rate [33–35]. After 
21 years, the approval was cleared for implants less than 3 mm. The approval widens 
the spectrum of the patients treated with dental implants, particularly the cases with 
reduced bone width.

In literature, there is no standardization regarding the terminology of dental 
implant diameter [36]. For example, some authors considered the implants with 
diameters from 1.8 to 2.9 mm as small implants; others call them mini-implants [37]. 
Some authors defined the mini-implant as the implant with 2.2 mm [38]. Al-Johany 
et al. proposed a classification scheme and used four terms: Extra-narrow <3.0 mm, 
Narrow ≥3.0 mm to <3.75 mm, Standard 3.75 mm to <5 mm, and Wide ≥5 mm [36]. 
In this text, we will follow the lead of Resnik et al. and Schiegnitz et al. by consider-
ing the mini-implant as the implant with a diameter < 3.0 and the narrow-diameter 
implant as the implant with a diameter ≤ 3.5 [25, 37]. This implant type is mainly used 
in heavily atrophic jaws but with sufficient bone height. The mini-implant gives the 
dentist the ability to avoid bone augmentation procedure, which is considered a time 
and cost-consuming surgical intervention. Avoiding additional surgical procedures 
can reduce morbidity and possible complications such as nerve trauma, hemorrhage, 
postoperative pain, or infection [25]. The infection may lead to the failure of bone 
grafting [25]. Above that, it is less invasive than the standard implant as it requires a 
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smaller implant bed and no flap in a considerable number of cases [26]. Therefore, 
it is more appropriate for the compromised or elderly patients. Moreover, it is cost-
effective and affordable. On the other hand, the small diameter of the implant may 
create a shear load to the crestal bone. That may increase the risk of bone resorption 
[37, 39]. Narrow -implant has been linked to biomechanical risk factors as implant 
fatigue or fracture, particularly when used in the canine area where high occlusal 
loads are applied or in parafunctional habits patients [40].

A systematic review and meta-analysis reported that mini-implants  
(diameter < 3.0 mm) performed substantially worse than standard diameter 
implants with survival rates of 94.7 ± 5% [25]. However, narrow implants with a 
diameter (3–3.5 mm) have a better survival rate of 97.7 ± 2.3% [25]. Therefore, some 

Figure 23. 
Narrow bone can be treated with bone grafting. Unfortunately, this is not always feasible. A- Biomechanically, the 
narrow implant is not always the best approach, see paragraph 5. B- Osteoplasty is used to insert a wider implant 
by increasing the bone width, which will impact the crown-implant ratio negatively and may place the implant 
near vital anatomical structure. C- One-piece mini-implant with ball attachment and preferable crown-implant 
ratio can be used to stabilize a complete removable denture or partial removable denture.
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researchers believe the best approach for a thin bone is bone augmentation [37]. If this 
is not feasible, narrow implant, osteoplasty and standard implant, or one-piece mini-
implant with ball attachment and removable denture can be considered, Figure 23.

The small diameter implant is used to replace missing individual teeth in the anterior 
region, lower and upper jaw [41, 42]. Mini-implant is used as an orthodontic implant 
or transitional or provisional implant to support interim prostheses during the healing 
period after extensive implantations or augmentations and bone grafting [43]. The one-
piece mini-implant with ball attachment is used as assisting / anchoring element under 
the removable denture [1]. Strategic min-implant under existing RPD and CD proved 
to be a reliable and straightforward approach [1, 8, 44]. New studies reported that the 
one-piece mini-implant with ball attachment has a significant advantage on the final 
prosthodontic treatment [1, 8].

Figure 24. 
Upgrading the existing double crown retained upper RPD by inserting strategic mini-implants, immediate 
restoration, and delayed loading. A- Partial edentulous upper jaw before implantation. B- Tissue surface of the 
RPD before implantation. C- Five strategic mini-implants. D- Tissue surface of the RPD after implantation, 
recesses (empty notches) against the mini-implants. E- Tissue surface of the RPD after 4 months, the matrix 
pick-up (housings). The palate coverage was reduced. F- Intraoral image with the RPD after the housing.
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The one-piece implant mimics nature by having a solid unibody structure with no 
microgaps between the implant and the abutment. As a result, the possible biologi-
cal complication (bone resorption) and structural flaw are reduced. Also, the flap 
or flapless single-stage surgery allows the dentist to implement immediate loading 
or immediate restoration [42]. Moreover, delayed loading is possible by preparing a 
recess against the mini-implant in the RPD’s tissue surface. The treatment protocol 
can be conventional or delayed loading. However, the recess (cavity) distorts the fit of 
the RPD’s, Figure 24.

On the other hand, if the mini-implants are inserted in a healthy, not compro-
mised patent with insertion torque ≥35 Ncm, immediate loading can be considered. 

Figure 25. 
Upgrading the existing double crown retained lower RPD by inserting strategic mini-implants, immediate 
restoration and immediate loading. A- Partial edentulous lower jaw before implantation. B- Tissue surface of the 
RPD before implantation. C- Two strategic mini-implants. D- Tissue surface of the RPD after implantation, the 
matrix pick-up (housings) inserted in the same implantation session. E- Intraoral image with the RPD in place 
after implantation.
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The immediate restoration with immediate loading can be implemented through one 
of two forms:

• immediate loading using soft relining material, Figure 22.

• immediate loading using the matrix pick-up (housings), Figure 25.

After implantation, soft relining material can restore the fit of the RPD, ease tissue 
pressure, and give the patient a secure feeling because the relining material encircles 
the implant head and minimizes RPD rocking. If all mini-implants have a high inser-
tion torque, the patient can receive the final restoration with matrix pick-up (hous-
ings). Subsequently, no additional session for adjusting the RPD is needed. In this 
approach, the patient can directly feel and recognize the significant improvement in 
the RPD in many domains especially, retention, support stability, and chewing [1, 8].

Studies proved that inserting strategic implants under existing RPD improves 
patient satisfaction on short- and medium-term follow-up (3-years) [1, 43]. The 
improvement can be explained by the symmetrical distribution of the abutments and 
the increased number of the rests/abutments [1, 17]. Gorai S, et al. study reported a 
correlation between the rests number and denture usage [17].

6. Conclusion

To sum it up, using strategic implants under existing RPD upgrade the design to 
more favorable support type and improve patient satisfaction with the RPD on several 
domains like speaking, chewing, retention, stability, and support of the RPD. This 
improvement could be reached earlier if the patient received immediate loading [1].

In many cases, after putting into consideration the patient’s main complaint, 
expectation, desire, general health, intraoral/extraoral findings, evaluating the risks 
(do no harm) and the benefits of bone grafting and several implants, the dentist is 
able to provide his patient with one or few strategic standard or mini-implants that 
can satisfy the patients’ needs without overtreatment “Less is more”.

Strategic implants can also improve chewing ability, stabilize the occlusion, 
increase bite force and improve patient oral health-related quality of life. Moreover, 
better distribution of occlusal forces that may reduce bone resorption may be gained. 
Furthermore, strategic implants can improve comfort, confidence, and esthetics by 
reducing the RPD size and removing metal clasps from the esthetic zone.
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