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Objective: The objective of this narrative is to review the significant biomechanical aspects of implant 
systems, describing the stresses and strains associated with their functional roles in oral rehabilitations. 
Background: During the early development of dental implant systems, the integration of the implant 
within the jawbone was the primary concern of most investigators and clinicians. Currently, with successful 
integration rates of greater than 90%, the biomechanics of the implant system is receiving more attention. 
A better understanding of the biomechanics will allow greater simplification and encourage more general 
practitioners to restore dental implants.
Methods: This narrative systematically describes the role of each component of the oral implant system 
and its biomechanical relationship with functional oral activities. The most common implant systems include 
a crown, abutment, implant and connecting screw. Intrinsic and extrinsic jaw movements and tooth contacts 
during mastication, speech and deglutition subject implant systems to complex forces. In addition, jaw 
movements during centrally mediated dyskinesias associated with stress, sleep and neurological disorders can 
also enhance these forces on intraoral implant systems. A number of strategies have been developed seeking 
mechanical stability of the crown, the raison d’etre of the implant system, including its shape and size as well 
as its morphology. The abutment, upon which the crown rests, connects the crown with the implant and is 
stabilized with a screw, which upon tightening, develops a preload at the interface between abutment and the 
implant to prevent displacement. Finally, the design of the implant, its form, taper and thread pattern that 
are important for its integration within the jaw bone is also a significant factor for the functional stability of 
the implant system. 
Conclusions: The implant systems available today have been extensively studied and are able to function 
effectively in the oral cavity.
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Introduction

One of the phenomena that occur in an oral environment 
with implants is the presence of strains. It occurs when 
there are distortions of mechanical structure, resulting from 
forces acting upon the implant system generated through 
the skeletal and muscular movement during physiological 
(such as mastication and speech) and parafunctional 
activities (such as those associated with central system 
modulation of the activity of the orofacial musculature 
during sleep, stress responses and dyskinesias). The 
structures that are affected by these strains are within or 
surrounding a dental implant system including the crown, 
the abutment, the screw and the fixture structures as well as 
the surrounding osseous structures (1,2) (Figure 1). In view 
of the clinical relevance of such peri-implant strains, this 
mini-review concisely discussed the dental implant system, 
dental implant mechanics, bone-implant integration, bone 
strain, and peri-implant strain. We present the following 
article  in accordance with the Narrative Review reporting 
checklist (available at https://fomm.amegroups.com/article/
view/10.21037/fomm-21-50/rc).

Dental implant systems

Implants are mechanical structures surgically inserted to 
integrate with the biology of the human body. However 
an implant system, functionally, serves to replace one or 
multiple teeth to integrate into the occlusal scheme of the 
patient (Figure 2). The crown of the implant unit contacts 
the adjacent teeth. In addition, the implant crown also 
articulates with the dentition of the opposite jaw. During 

function the two opposing dentitions, maxillary and 
mandibular, contact one another as the contraction of the 
musculature brings the occlusal surfaces in touch during the 
jaw closure cycle (3). As shown in Figure 3, both vertical and 
horizontal forces are present during the closing cycle. The 
crown height, functioning as a lever arm, influences the 
strain generated during occlusal closure (4) (Figure 4).

The form of the occlusal surface is also important with 
regard to the stress applied to the implant system. Its 
morphology consists of cusps and fossa that interdigitate 
(Figure 5). During jaw movement, when the dentition of 
the maxilla and mandible, either natural tooth or implant-
supported, contact each other, the implant system readily 
absorbs the vertical vector with minimal strain. However, 
the horizontal vector of the cycle introduces stresses that, 
because of the cuspal angles, can result in strains that make 
the system unstable and may result in loosening of its 
components (5).

Strains from occlusal contacts are transferred within the 
implant system from the crown to the abutment, the screw, 
to the walls of the implant fixture, and ultimately to the 
osseous support for the implant system (6) (Figure 6). The 
strains generated within the abutment are important as they 
can cause slippage between the abutment and the implant. 
This in turn can cause looseness of the screw stabilizing the 
abutment-implant interface. The result may be partial or 
complete displacement of the crown or alternatively screw 
fracture. Slippage results from the horizontal forces acting 
on the occlusal surface of the crown as shown in Figure 7 (7).  
The nature of the interface between the abutment and 
the implant has a variety of designs depending upon the 
implant system (8). Those termed internal connection, 
either internal or morse cone systems, have the apical end 
of the abutment projecting into the hollow of the implant 
to various depths with either a hexed or slip fit projection. 
In general, the deeper the interface between the abutment 
and the implant, the more stable the connection and the 
less strain demonstrated in the system. The external hexed 
implants have a hex design at the top of the implant which 
fits into a recess within the abutment (Figure 8). Generally 
speaking, the internal connection systems are more stable 
with less displacement of the abutment and the crown, 
exhibiting less strain (9).

If there is slippage between the abutment and the 
implant, it is usually accompanied by loosening of the 
screw that connects the abutment to the implant. When 
the implant system is assembled, the screw is tightened, 
the shank of the screw is stretched and a clamping force 
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Figure 1 Components of a dental implant system in a single unit 
restoration.

https://fomm.amegroups.com/article/view/10.21037/fomm-21-50/rc
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compresses the abutment into the implant (10) (Figure 9). 
If the strain from the occlusal forces is greater than the 
clamping force that holds the abutment to the implant, the 
screw bends and loosens. As a result, clamping force is lost 

and the abutment slips away from the implant (10-13). 
Dental implants are made from two biocompatible 

materials, titanium and zirconia. Most dental implants 
used today are made from titanium (14). More recently, 

A B

C D

Figure 2 Examples of tooth replacement. (A) Mandibular left central incisor replacement in a cast model. (B) Mandibular central incisor 
replacement in the oral cavity. (C) Four-unit maxillary replacement in cast model. (D) Four-unit maxillary replacement in oral cavity. 
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Figure 3 The trajectory of jaw movement during mastication. (A) 
Diagram of one complete chewing cycle of opening and closing 
with the teeth contacting in maximum intercuspation (MIP). (B) 
The horizontal and vertical vectors of the force trajectory during 
jaw closure.

Figure 4 A dental implant system with a large crown-root ratio 
results in a long lever arm that may exert a torquing force causing 
screw loosening and damage to the crestal bone. 
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zirconia implants are also available, but they only represent 
a very small proportion of currently used implants (14,15). 
The titanium implants are either made from commercially 
pure titanium or titanium alloy. The significant difference 
between them is their respective moduli of elasticity. The 
titanium alloy material typically composed of titanium, 
vanadium and aluminum is stiffer than the commercially 
pure titanium. It has been reported that the bone-

implant contact (BIC) is greater for implants made from 
commercially pure titanium. However, the available 
evidence shows that the difference is of little or no clinical 
significance (16). The situation where the modulus of 
elasticity, and thus the selection of implant must be carefully 
considered, is an implant insertion in the narrow spaces 
between other implants or teeth. The narrow diameter 
implant is more likely to fracture from intraoral shear and 
lateral stress forces and thus an implant of titanium alloy is 
preferred (17).

There are several design principles that common to 
virtually all implant systems available today. The implants 
have a tapered form and are threaded. A number of thread 
designs were initially created based mainly upon finite 
element and photoelastic analyses. However clinical 
experience has confirmed that the actual design is of less 
importance provided that two conditions are met (18). 

Firstly, the threads are self-cutting. Secondly, the diameter 
of the osteotomy is one half to one mm narrower in 
diameter than the implant. During insertion of the implant 
the self-cutting nature of the threads allows the implant to 
be stabilized within the bone. These implants reduce the 
strains during insertion since the implant is cutting rather 
compressing the bone. 

The thread design has been shown to be related to the 
nature of the bone into which the implant is being inserted (19). 

For softer cancellous bone there is a greater need to stabilize 
the implant. Accordingly, the pitch and depth of the thread 
both should be greater to allow the threads of the implant to 
engage a larger surface area. Cancellous bone is compressible 
because of the large marrow spaces between trabeculae. The 
compression process creates denser bone surrounding the 
implant and improves stability. In the case where the implant 
is being inserted into cortical bone with dense osteons, the 
situation is different. The implant thread design has a smaller 
pitch and shallower threads. As a result of the intrinsic strength 
of cortical bone, compression is not needed. The implant 
is more readily stabilized, and the surface area of the bone 
needed for initial contact is much less. As a matter of fact, 
rapid tightening of the implant into the cortical bone may lead 
to a stress pattern that will cause damage and resorption of 
the bone contacting the implant because of the greater torque 
force needed to entirely seat the implant (20). 

Dental implant mechanics

Most implant designs today are wider at the region of the 
interface with the abutment and narrower at the base, the 
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Figure 5 The association between cusp angle and shear force 
during excursive movements is illustrated. During lateral excursive 
movements, a crown with steep cuspal angle (A) creates a greater 
shear force than a crown with smaller cusp angle (B). Larger shear 
forces can result in occlusal trauma, tooth and implant mobility 
and implant screw loosening.

Figure 6 Transmission of forces through the dental implant system 
is illustrated. Horizontal and vertical forces [1] are transmitted 
through the crown [2] to the abutment [3] and the screw [4] and 
then to the dental implant and the osseous bed [5] supporting a 
dental implant as a complete system. 
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apex. This design has two advantages. The width at the crest 
provides greater strength to the wall of the implant. The 
dimensions of the implant—width and length—influence the 
stresses transferred to the surrounding bone (21). However, 
if the load point on the crown from the opposing dentition 
is lateral, i.e., outside of the confines of the implant walls, 
there is a larger horizontal vector of stress with magnified 
strain (Figure 10). A sufficient thickness of the implant wall 
is important to prevent hoop stresses that could distort the 
coronal form of the implant and place stress on the bone 
surrounding the crestal area of the implant as illustrated 
in Figure 11. As such, the occlusal forces are transferred 
through the abutment to the crestal portion of the implant. It 
is this portion of the implant that receives the greatest stress 

from the abutment. The horizontal vector of these forces 
is most capable of displacing the abutment and loosening 
the abutment screw (22) (Figure 7). The implant base, the 
apex, is narrower than the crest and is ideally designed to be 
stabilized by the surrounding bone (23,24) (Figure 11). The 
amount of bone surrounding the apical tip of the implant 
is well able to stabilize the implant from the vertical vector 
of occlusal forces. However, it is the length of the implant 
that serves to resist the rotational movements of the implant 
system. Nevertheless, in evaluating the stresses placed upon 
the body of the implant two factors must be considered. 
The first is that the fulcrum for rotation of the implant lies 
at its apex that is located in the bone. Secondly, because the 
interface of the abutment and the implant is made up of two 
fitted structures, and the fulcrum for the abutment lies at 
its interface with the crestal area of the implant, movement 
(strain) of the abutment relative to the implant is possible (25). 
Most of the current implant systems utilize internally fitted 
abutment. If the abutment moves relative to the implant, 
distortion of the crestal portion and perhaps of the body of 
the implant may occur because a portion of the abutment 
lies within the crestal portion of the implant. A longer 
implant is more effective in resisting this stress. However, 
a deep internal connection may reduce the effectiveness 
of the length of the implant to resist the torquing forces 
on the implant and consequently lead to the strain in the 
crestal bone both because of the thinness of the crestal area 
of the wall of the implant and secondly, the rigidity of the 
connection results in a longer lever arm. This observation 

Screw flexes with crown 
during occlusal contacts 
and lateral/horizontal forces Marginal leakage/opening 

occurs at crown abutment 
or at abutment implant 
junction

Screw flexes with crown 
during occlusal contacts 
and lateral/horizontal forces

Marginal leakage/opening 
occurs at abutment implant 
junction

Figure 7 Lateral occlusal forces over a period of time can cause bending of the prosthetic screw illustrated in this figure. This bending will 
eventually cause the abutment to loosen and an opening at either the implant-abutment or abutment-crown or both interfaces to occur. This 
is a common reason for screw fracture in external hex dental implant system. 

Abutment
Abutment

Internal hex
External hex

Screw Screw
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Figure 8 Cross-sections of internal and external implant systems 
illustrating the relationships of abutment, screw and implant.
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is supported by both experimental studies and clinical 
observation (26). With regard to the stress transfer from the 
implant to the supporting bone, a number of authors have 
suggested that the crestal area is the site for the greatest stress 
transfer (27,28) (Figure 12).

Bone-implant integration

Initially implants are mechanically stabilized (primary 
stability) by virtue of the fact that they are designed to be 
slightly wider in diameter than the drills that are used to 
prepare the osteotomy in the bone for implant insertion. 
The edges of the threads engage the walls of the osteotomy 
to stabilize the implant. Gradually over time as the trauma 
of the drilling into the bone heals, bone grows into intimate 
contact with the oxide layer on the surface of the implant. 
This process called “osseointegration” has been well 
characterized and the reader is referred to a number of 
available reviews (29). 

There are three phases to this process. They have been 
described as the inflammatory phase, the healing or repair 
phase, and the remodeling phase. The first two phases 
are strictly biologically mediated. It is in the third phase, 
remodeling, that the mechanics of stress and the resultant 
strain mediate and can modify the biological response 
of the osseous structure surrounding and supporting the 
implant (30). The stress applied to the implant system from 
occlusal forces are transferred, as described previously, 
through the crown and abutment to the abutment-implant 
interface and ultimately through the implant to the 
supporting bone. The forces, that is, the stress can result in 
strain which, in our case, is the deformation of the osseous 
structures supporting the implant (31). The applied strain 
elicits a response from the bone through a process called 
mechanotransduction (32).

Bone strain 

In the 1990’s an orthopedist, Frost, quantified the response 
of bone to strain (33). He described three zones of strain 
which elicited the responses from bone tissue. The first was 
termed as “disuse atrophy”, in which the applied strain was 
minimal or non-existent. This occurs when the associated 
microstrain is at or below 200 ms. Resorption of the skeleton 
occurs because there is little environmental challenge. This 
was similarly observed with reduced gravity in the space 
station orbiting the earth. Because of minimal gravitational 
force, astronauts who inhabited the station without 
exercise lost muscle mass and bone mineral. The second is 
microstrain in the order of 1,500 to 3,000 ms. With applied 
strain of such magnitudes bone remodeling and modeling 
occurs. The mechanism appears to require the activation of 
osteocytes followed by the recruitment of osteoclasts and 

Abutment

Preload
Implant

Figure 9 The prosthetic screw in the center connects the abutment 
and crown (upper compartment) to the dental implant (lower 
compartment). Once the screw is torqued to the manufacturer’s 
recommendation, there is a certain amount of tensile force, the 
pre-load, which is generated. This is illustrated by the arrow in the 
center of the prosthetic screw. The pre-load generates a clamping 
force which results in tight contact between dental implant and 
abutment. 

Figure 10 A broader occlusal table permits contact points that 
are unsupported because they are outside the diameter of the 
osseointegrated implant. 

Crown is wide for 
esthetic form
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osteoblasts. Initial formation and recruitment of osteoclasts 
are necessary to resorb damaged areas or weakened osteoid. 
This is followed by the differentiation and migration of 
osteoblasts with the formation of new bone (Figure 13). The 
newly formed bone can thicken and strengthen the bone 
matrix and prevent microcracks and fracture. In the third 
strain zone, overuse that is, in response to excessive strain, 

greater than 3,000 ms, the bone attempts to repair itself but 
because of microfracture of the bone from the excessively 
applied force, resorption dominates and the repair is less 
than complete. 

Frost termed the homeostatic mechanism that responds 
to the mechanical environment as “a mechanostat” (34). 
He initially hypothesized that the homeostatic response is 
mainly associated with the magnitude of strain to which 
the bone is subjected. Further research by Skerry suggests 
that other factors associated with the applied strain are also 
important (35). These include the rate of strain application, 
the frequency of application and the distribution of strain 
within the bone. Accumulating evidence has demonstrated 
that the response of the mechanostat is regulated by the 
osteocytes that dwell within lacunae in the Haversian 
systems in both cortical and trabeculae structures (36). 
Interruptions in the interstitial fluid system that links the 
osteocytes to each other and their nutritional source and 
changes in the intercanalicular pressure gradient provide a 
signaling cascade that modulates the formation of osteoclasts 
and differentiation of preosteoblasts. This signaling 
process is an example of mechanotransduction (37).  
Strain, a macroscopic mechanic process that causes 
the distortion in the bone, results in the changes in the 
interstitial canalicular pressure between osteocytes, which 
subsequently modulate the cytoskeleton of the osteocytes 
and consequently are transformed into a biochemical signal. 
The biochemical signal recruits osteoclasts and osteoblasts 

Figure 11 Shear stresses can distort the walls of the dental implant as illustrated. This phenomenon is described as hoop stress and hoop 
strain. 
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Figure 12 Crestal bone thickness is important to provide support 
for dental implants. A minimum of 2 mm of crestal bone thickness 
is required to maintain the crestal bone position without fatiguing 
microfracture and resorption.
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into the remodeling process. 

Dental peri-implant strains

The strains in the peri-implant osseous structure are 
important considerations since the surrounding bone 
provides the primary stability for the implant system. 
Generally, strains in the mechanical structures are 
characterized either as elastic, plastic and yield strains (38,39) 
(Figure 14). Elastic strains do not result in permanent 
deformation of the structure. As soon as the stress is 
relieved the structure returns to its original form. Plastic 
strain results in permanent deformation of the structure. 
The degree of change in the structure has been reported 
to be dependent upon the magnitude of the stress, the 
repetition rate of the stress, and the modulus of elasticity 
of the structure. Yield strains are of larger magnitude and 
are associated with displacement and fracture. The stresses 
in the oral cavity are usually below the yield point of most 
of the mechanical structures present. However, because 
the stresses are generally repetitive and cyclic in nature, 
the issue of fatigue and its effect on the strain transfer 
to structures in the oral cavity (teeth) and those installed 
therapeutically (restorations) can dramatically increase the 
strain/stress curve values (40,41) (Figure 14). As a result, 
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Osteoid

Activated 
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Osteoclast 
precursor cells

Activated 
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Bone resorption

Figure 13 The bone remodeling cycle. Microscopic damage within bone is repaired by the coordinated action of osteoclasts and osteoblasts. 
Osteoclasts initially resorb the damaged bone. Following this osteoblasts lay down an osteoid matrix that subsequently mineralizes.
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Figure 14 The effects of fatigue upon material deformation 
illustrated with titanium as an example. The white curve represents 
a typical material performance. The red curve represents the effects 
of cyclic loading, a form of fatigue common in the oral cavity, upon 
material performance. Note that with fatigue the amount of strain 
under a given load (stress) is greater and that the fracture of the 
material requires less force (stress). In creating this figure, we have 
followed the convention often used in the engineering literature in 
which the actual units of measure not necessarily included as the 
shape and position of the curves demonstrate the different states, 
which in this case is bending and fracture with and without fatigue.
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larger deformations at lower stress levels are often observed. 
Consequences of this situation are the development of “wear 
and tear” (42). Examples of this process include crown 
displacement, screw and abutment loosening and fracture. 
Less common but of greater consequence is the fracture 
of the implant and loosening of the implant in its osseous 
housing (43).

The examples of “wear and tear” cited above are 
mechanical. These can only be addressed through 
alterations, by the clinician, in the structures of the implant 
system. These might include altering the morphology of the 
crown or tightening of a screw (44). However the “wear and 
tear” in the osseous support can be addressed biologically, 
i.e., dynamically (45). The remodeling process replaces 
bone wearing out through fatigue and microfracture. It has 
been estimated that the weight bearing bones can fracture 
after 3 years without the remodeling process. More recent 
research suggests that not only the nature of the materials 
(modulus of elasticity) but also its internal structure is 
important to resist the fracture (46). In the case of dental 
implants the thickness and type of bone supporting the 
implant system are important considerations particularly the 
facial aspect of the osseous support for the implant (47). It 
is in this direction that the horizontal movement of the jaw 
loads the implant system through the crown (Figure 13). It 
further seems that the crestal bone adjacent to the superior 
aspect of the implant receives the greatest stress during 
horizontal loading since an axis of rotation of the implant 
system associated with the implant-abutment interface is 
located here (48). For the crestal bone, the thickness and 
characteristics of the bone (cortical vs. trabecular bone) are 
important considerations. Minimal bone width, i.e., less 
than 2 mm, on the facial aspect of the implant system can 
readily lead to fatigue and micromovement in the lateral 
direction. The likelihood of micromovement of the implant, 
particularly if it is more than 4 mm wide, may result in 
displacement of the implant system. With this regard, the 
crown/implant ratio is an important parameter since a larger 
ratio would result in a longer lever arm, putting greater 
stress on the crestal bone with greater resultant strain (49).  

Clinical significance of peri-implant strain

There are a number of clinical strategies that are employed 
to reduce the strains associated with forces that act upon 
oral implant systems (50). These take advantage of an 
understanding of the biomechanical issues raised in this 
review that are important considerations for successful 

implant treatment, some of which are cited above. A 
common strategy narrows the occlusal dimensions of the 
crown to reduce the number of occlusal contact points, 
particularly those that produce torquing forces on the 
abutment-implant interface. Several additional strategies, 
cited before, are oftentimes adopted. For example, flattening 
of the morphological characteristics of the occlusal surface 
of the crown (the cusp angles) can reduce the horizontal 
vector of occlusal force acting upon the implant system. 
Selecting an implant system with a deep internal connection 
between the implant and abutment provides greater stability 
to the implant-abutment joint. Increasing the diameter 
of the osseous bed that supports the implant system 
strengthens the stability of the implant in the bone. All 
these serve to distribute more widely the stresses associated 
with oral function and reduce the associated strain and 
thus may improve long-term stability and retention of the 
implant system. 

Concluding remarks and future outlook

Dental implantology has made much progress since the 
introduction of critical scientific analyses in the 1960’s. 
The groundbreaking work of Branemark, Strauman and 
Schroeder provided the foundation for understanding the 
biological integration of the dental implant within the 
jawbone (30). A number of strategies have been explored 
to modulate the current osseointegration process in order 
to achieve improved stability and predictability, while 
continuously seeking novel integration mechanisms.

In parallel, the biomechanics of the dental implant 
system, the subject of this review, are undergoing 
remarkable development. The adoption of 3D high-
resolution finite element analysis (FEA) allows identifying 
possible imperfections in the current implant system 
designs (51). Extension of digital technology to dental 
implant component manufacture enabling custom designs 
having better fit within the confines of the skeletal structure 
of the patient. Such endeavors typically involve the 
virtual design by combining STL and DICOM files and 
subsequent manufacturing either by milling or 3D printing 
technologies (52). At the same time a more fundamental 
understanding of the interface between the physiological 
processes of integration and the biomechanical activities in 
the oral cavity can lead to better predictability and improved 
stability of the implant-osseous interface (53). 

Another important area that should not be overlooked 
are the developments in material sciences. These include the 
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utilization of ceramic and hybrid materials such as Rocksolid 
and Trabecular metal for the implant and the development 
of implant surfaces that facilitate biomechanical integration. 
The goal is to provide greater strength while improving the 
predictability for the osseous interface with the implant (54).  
Another intriguing strategy that holds much promise is 
the introduction of stem cells within 3D printed hybrid 
structures. This opens an entirely new era in terms of 
interfacial compatibility between biological (native to the 
patient) and mechanical (manufactured in the laboratory) 
structures and has implications beyond the oral cavity (55). 
Clearly, the research and developments in implant science is 
part of the developing relationship between the biology of 
the oral cavity and systemic health that holds the promise of 
a bright future.
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