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Abstract

Background: Stress shielding considerations suggest that the dental implant material’s compliance

should be matched to that of the host bone. However, this belief has not been confirmed from a

general perspective, either clinically or numerically.

Purpose: To characterize the influence of the implant stiffness on its functionality using the failure

envelope concept that examines all possible combinations of mechanical load and application angle

for selected stress, strain and displacement-based bone failure criteria. Those criteria represent

bone yielding, remodeling, and implant primary stability, respectively

Materials and methods: We performed numerical simulations to generate failure envelopes for all

possible loading configurations of dental implants, with stiffness ranging from very low (polymer)

to extremely high, through that of bone, titanium, and ceramics.

Results: Irrespective of the failure criterion, stiffer implants allow for improved implant functional-

ity. The latter reduces with increasing compliance, while the trabecular bone experiences higher

strains, albeit of an overall small level. Micromotions remain quite small irrespective of the

implant’s stiffness.

Conclusion: The current paradigm favoring reduced implant material’s stiffness out of concern for

stress or strain shielding, or even excessive micromotions, is not supported by the present calcula-

tions, that point exactly to the opposite.
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1 | INTRODUCTION

In the field of biomechanics, the concept of stress (or strain) shield-

ing is a general term that describes the influence of an orthopedic

implant on its surrounding bony tissue.1,2 Bone cells are effective

biosensors as they sense strain, whether due to tissue deformation,

fluid flow in the cell matrix, or other processes by which the cells are

deformed.

The level of a bone strain relates to the stimulus which leads to

bone remodeling. High strain stimuli cause bone mass increases or

changes in architecture, such as to increase the bone strength. By con-

trast, low strain stimuli (due to reduced activity) or disuse can cause

bone loss or alterations in architecture that reduce bone strength.3–5

Stress or strain shielding in orthopedics stems from the concern

that the extraneous implant may “shield” the bone from experiencing a

desirable stress or strain level that is necessary for its remodeling. As

an example, one can consider a long bone with a prosthetic plate.

When the assembly experiences bending loads, the reinforcement plate

stiffens the assembly so that the bone is not strained as it would with-

out the plate. In such a situation, the bone is “shielded by the plate” in

terms of the strains it experiences, and when the strain level becomes

too low, the bone may resorb and this is undesirable.

While a relatively large body of research can be found in the field

of long bone studies (eg, femur), as in Refs. 6–9, less is known in the

field of implant dentistry where the emphasis has been put so far on

implant design considerations or material selection issues,10–13 noting
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that Cilla and colleagues6 recently expressed doubts on the influence

of those 2 factors for hip prostheses.

Here, one should note the early study of Wiskott and Belser14

who discussed the concept of stress shielding, and suggested that the

straightforward extrapolation of this concept for long bones to the

realm of dental implantology makes little sense. Their claim relies on

the nature of the stresses and loading configuration experienced by a

long reinforced bone, as opposed to an implant bearing jawbone, since

the 2 cases are quite different in terms of loading.

As of today, most of the studies found in the literature, including

the ones cited herein, consist of numerical simulations in which 2 stress

or strain distributions are compared, namely before and after implanta-

tion, or simply corresponding to 2 or more designs and/or materials.

One can indeed expect that the analysis of 2 totally different condi-

tions, for example, with and without implant, will result is very different

stress and strain distributions in the host bone. This is the general con-

text in which the concept of shielding is currently understood and

evoked.

It is also important to note that this concept becomes relevant only

once a criterion has been formulated or adopted, that describes the

response of the bone to the mechanical stimulus. In that respect, the

widely accepted Wolff’s law and mechanostat model15–17 consider the

bone strain as the relevant mechanical factor that dictates bone remod-

eling. More recently, Piccinini and colleagues18 performed a joint clinical-

numerical study and refined the concept to the identification of the

equivalent (octahedral) shear strain as the specific factor in question.

If one sets aside the issue of implant geometrical design, a very

actual question regarding shielding relates to the selection of implant

materials such as ceramic19 or polymers,20 that differ significantly in

their mechanical properties from those of the more conventional CP-

titanium or alloys used in implant dentistry. One might even think

of severely deformed commercially pure titanium severe plastic

deformation (SPD),21 whose tensile strength exceeds significantly that

of the Ti6Al4V alloy.

Here, one can also set aside implant strength considerations, since

whatever material is selected, it is not expected to fail as a result of

monotonic overloading, while the bone is the component of the bone-

implant system that should be scrutinized. In other words, the implant

is not expected to reach its monotonic mechanical failure load, whereas

the weak link in the implant-bone system is obviously the bone. Conse-

quently, the relevant property for bone shielding considerations is the

elasticity of the implant material as the factor that determines load

transfer to the bone.

In the quest for materials whose modulus of elasticity comes closer

to that of the bone, Stoppie and colleagues20 performed a clinical and

modeling study of 2 implant materials with radically different elasticity

moduli, namely PEEK (polymer) and Titanium, for which the ratio of the

Young’s moduli is about 3%. While underlining the importance of the

bone-implant interfacial parameters (also noted by Vaillancourt and col-

leagues22), the authors observed an improved osseointegration with

the PEEK implants, which they attributed to its low modulus of elastic-

ity and its influence on the peri-implant strains. In a recent study,

Piotrowski and colleagues23 presented a thorough numerical study of

the influence of Young’s modulus on the bone field parameters. The

reported results concern the cortical bone only, and among the study

cases, one can find the Young’s modulus of dentine which is treated as

the reference material. The selected loading case is vertical only, with a

fixed load (pressure) value applied on the implant. The authors con-

clude, like many previous studies, that in order to get as close as possi-

ble to the reference case, the Young’s modulus of the implant has to

be as close as possible to that of the reference bone/material, which is

perfectly logical and in fact the current paradigm in the field. Let us

note here that this conclusion stands somewhat at odds with the previ-

ous study of Vaillancourt and colleagues22 who resorted to extremely

low modulus materials as their best choice.

From the above-mentioned studies, it appears that the current par-

adigm is that lower Young’s modulus materials are preferrable for

implant manufacturing. However, those conclusions lack generality for

the reason that they only consider one, or at most 2 loading, particular

configurations (angle and magnitude of the applied load). Moreover,

while the concept of shielding is alluded to, it is not always clear what

is the reference case with respect to which shielding is observed, and

whether shielding applies to stresses, strains or even displacements in

the host bone and at the bone-implant interface. Finally, while the cort-

ical bone is obviously the main component to “suffer” from the loading

(see eg, Ref. 24), one should also verify the fate of the trabecular bone.

Therefore, the main issue to be addressed in this work is that of the

influence of the modulus of elasticity of a dental implant on the stress,

strain and micromotions in the host bone, with emphasis on generality of

the loading configuration (values and angles).

For this goal, we use the concept of failure envelope, recently pro-

posed by Korabi and colleagues.24 The failure envelope is defined as

the locus of all admissible vertical and lateral loads that can be safely

applied to the dental implant without exceeding the selected criterion

for bone failure, be it stress, strain or strain energy density-based.

In other words, one does not perform a calculation to determine

stresses, strains, and displacements in the host bone for a specific load

case, but rather, one selects the bone failure criterion and calculates all

possible admissible load configurations (value and angle) for the bone-

implant assembly, namely the failure envelope. Within this concept,

shielding is to be understood as the reduction (negative) or even

increase (positive) of admissible loads in a comparative way.

For a fixed bone-dental implant geometry, this article presents a

systematic numerical study of the influence of the modulus of elasticity

of a dental implant on the jawbone, with reference to potential shield-

ing effects. The investigated implant is (arbitrarily) assigned a modulus

of elasticity of E/100, �E/5, E/2, E, 2E, and 100E, respectively, with E

being the Young’s modulus of Titanium while all other parameters of

the problem are fixed. Note that E/2, E, and 2E cover the broad range

of engineering materials from polymers through metals and ceramics.

The last case of the 100E material describes an extremely stiff imagi-

nary material, while the E/100 case is an extremely soft polymer. The

�E/5 modulus has a special meaning as it represents the modulus of

the cortical bone. We limit ourselves to 2 bone failure criteria: Strain
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(mechanostat-based), and stress (bone yielding) considerations, and

compare them in terms of failure envelopes.

In addition, we examine one specific loading case to assess the

influence of the implant’s stiffness on the bone-implant relative micro-

motions.5,14 Likewise, we examine the apical strains in the trabecular

bone to assess any possible extensive damage in that region that might

result from implant stiffness variations.

The first part of the article introduces the numerical model. The

second part shows and compares the calculated failure envelopes

based on octahedral shear strain,18 and Tresca (shear) stress. Next, we

present results about bone-implant micromotions and strains in the tra-

becular bone. The results are discussed, and the article ends with con-

cluding remarks.

2 | MATERIALS AND METHODS

A bone section extracted from the mandible and implant system were

modeled using finite element (FE) method under the assumption of

small strain linear elasticity. The 3D nonlinear static analyses were

carried out using the commercial code Abaqus.25

2.1 | Parts and material properties

The bone section geometry was acquired from the literature.26 A sec-

tion from the molar region between the first and third molars of the

left side (shown in Figure 1B) was obtained. To account for the 2 bone

macro-structures, a 2 mm thick cortical bone shell27 was created, sur-

rounding an internal trabecular bone. The last step was the insertion of

the implant into the second molar location in the bone, and creating a

cut of its shape, resulting in a perfect geometrical fit between the

implant’s geometry and bone section used.

The selected implant system is very similar to a commercial implant

(MIS Seven, http://www.misimplants.com/implants/brands/seven/

seven-mf7-13375.html, Figure 1A). The implant has a 3.75 mm diame-

ter near the neck and is 13 mm long, with 5 micro-rings near the top,

where it is supposed to be in contact with the cortical bone. The

implant features a conical shape with threads that reduce in thickness

near the apical bottom.

The abutment Figure 1A, is 13 mm long, with a hexagonal connec-

tion at the bottom, that is designed to be inserted into a matching

implant. Usually the crown is fitted on top of it, however to decrease

the number of parts and save on computing time, the loads where

applied directly on top of the abutment.

The connecting screw Figure 1A, is designed to hold the abutment

and implant together, restricting any relative movement between them.

The screw is 7.5 mm long.

All the parts used in this work were assigned a linear elastic,

homogenous material model.

The cortical bone was assumed to be isotropic with its mechanical

properties according to Ref. 28, listed in Table 1.

FIGURE 1 A, Implant system exploded view. B, Model assembly, including the bone cut section and implant system, with the boundary
condition on each side of the bone. The area circled in red is the region where the loads were applied. C, Zoom in on the region where the
loads where applied. D, Meshed model of the bone-implant model. E, Zoom in on the refined mesh near the implant-bone contact region

TABLE 1 Elastic mechanical properties of materials used in the FE
model

Material
Young’s
modulus E (GPa)

Poisson’s
ratio V

Ti-6Al-4V ELI 113.8 0.33

Isotropic cortical bone 19.7 0.30

Cancellous bone 0.056 0.34
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The trabecular bone was also assumed to be isotropic, with

mechanical properties according to Refs. 29 and 30, Table 1. The mate-

rial model was simplified without impairing the accuracy of the

results.24

Since the main purpose of this work was the effect of Young’s

modulus of the implant system on the bone stresses and strains, differ-

ent isotropic mechanical properties where assigned to the implant sys-

tem (implant, abutment, and connecting screw). Those properties could

represent different engineering materials, ranging from soft polymers

all the way to the toughest ceramics, and an extreme (imaginary) stiff-

ness case. The selected moduli values were referred to that of Ti-6Al-

4V ELI31 (Table 1). The cases chosen in this work are: E (Ti-6Al-4V), E/

100 (soft polymer), �E/5 (cortical bone), E/2 (modified/soft titanium

alloy), 2E (ceramic), 100E (imaginary material).

2.2 | Boundary conditions and interactions

Since the selected bone section is large enough with respect to the

inserted implant in its middle, the boundary conditions on the far ends

of the bone do not affect the local results near the implant, so that

their sole role is to constrain rigid body motions. Thus, the distal side

(where the Ramus is connected) was chosen to be fixed, while the

mesial side was left free, as shown in Figure 1B.

Frictional contact (Coulomb friction) was assigned as the type of

interaction for all the parts in in the model. A Ti-Ti coefficient of fric-

tion (COF50.36)32 was assigned for the implant system parts (abut-

ment, implant, and connecting screw), while the bone-implant

interaction was assumed to be characterized by a coefficient of friction

of 0.5 (COF50.5). This value is justified since the reported range of

static coefficient of friction between bone and Titanium varies

between COF50.39–1.00,33 depending on the surface finish/rough-

ness of the implant.

2.3 | Loading procedure

The loads were applied on the top of the abutment, Figure 1C.

According to literature,29,34,35 mastication loads exhibit a large vari-

ability in magnitude and direction. In order to recreate the failure

envelope concept displayed in Ref. 24, the same loading procedure

was adopted in this work, were the effect of the lateral and vertical

loads combined and separate are presented. The procedure adopted

was as follows:

Step 1: a prescribed fixed vertical load was applied to the top of

the abutment (-y direction).

Step 2: the previous vertical load was kept, and a lateral load was

applied (in the palatal direction, -x), increasing gradually up to the point

cortical bone reached yielding or a predetermined octahedral shear

strain magnitude, according to the selected failure criterion, as dis-

cussed in the sequel.

The prescribed fixed vertical range was: 0–50-100–150-200–300-

400–500-600 N. In addition to a case of vertical load only, up to yield.

2.4 | Mesh

Tetrahedral elements, of type C3D4,25 were used to mesh the parts of

the model. A coarse mesh of typical element size of 0.6 mm was used

for the abutment, since there was no particular interest in it. The con-

necting screw was meshed with typical element size of 0.2 mm. The

same typical element size was used for the implant, with mesh refine-

ments in the crestal bone-implant contact area. Far from the insertion

hole, the bone was meshed with a coarser mesh of typical element size

of 1.5 mm, while around the implant region, the mesh was refined to

0.2 mm typical element size, further refined near the neck of the

implant (crestal bone) to 0.1 mm typical element size, to improve accu-

racy in that region of interest. Overall, 560 386 linear tetrahedral ele-

ments where used to mesh the model, as shown in Figure 1D,E.

2.5 | Failure criteria and calculated parameters

To calculate the failure envelopes,24 Tresca stress yield criterion was

chosen, with the following values: ry Tresca5
ry Compression2ry Tension

2 5

135MPa.36

In addition, the octahedral shear strain

Eoct5 2
3

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E12E2ð Þ21 E22E3ð Þ21 E32E1ð Þ2

q� �
was used as a criterion

for the envelopes.18 Admissible values for “normal” loading ranged

from 1000 to 3000lE. A “pathological” value of 10 000 lE was also

selected to provide additional information.

Characteristic values (Tresca stress or octahedral strain) were cal-

culated by averaging the results over a particular region of interest (in

the shape of a circular arc approximately 0.1 mm in depth (y), 0.2 mm

in width (x), stretching 2 mm in length), located in the crestal bone,

near the implant neck Figure 2 The values over that region were aver-

aged to smoothen out any numerical artifact indicating excessively

high local stress/strain values over a single element.

Bone displacements (micromotions) relative to the implant were

extracted in the immediate vicinity of the implant, in both the lateral

direction (-x), and inferior direction (-y), for a specific loading case (150

N vertical and 20 N lateral load) where the cortical bone did not yield

FIGURE 2 The region of interest (marked in pink) where the
failure criteria were fulfilled. The arrows indicate the loading
directions
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for any of the selected Young’s moduli cases. The rationale here was to

identify the prescribed bone micromotions in the region of interest for

the various cases of stiffness considered.

Finally, the octahedral shear strain distribution was extracted in

the trabecular bone, for the specific loading case mentioned above in

order to complement information retrieved for the cortical bone.

3 | RESULTS

3.1 | Tresca stress

Figure 3 shows the failure envelope according to Tresca (shear) stress

in the cortical bone.

It can first be noted that the failure envelope expands laterally

with increasing values of Young’s modulus. This amounts to the fact

that stiffer implants can bear higher loads before reaching cortical bone

yielding. The shape of the envelopes changes for values above and

below E/2. Above this “threshold,” one can observe a noticeable

increase in the lateral load, whereas below this value, the lateral load

bearing capacity shrinks markedly, which indicates significant deflec-

tions in the implant itself. The very soft implant (E/100) has the small-

est failure envelope. It is also interesting to note that the “bone-like”

implant (�E/5) offers a relatively poor resistance to the lateral applied

load. The vertical admissible load is not significantly affected by the

implant’s stiffness and has a characteristic value of 450 N.

3.2 | Octahedral shear strain

The failure envelopes corresponding to the octahedral shear are shown

in Figure 4. Three different values are considered, namely 1000, 3000,

and 10 000 lE, respectively. While the first 2 values bound the domain

of desired bone strains leading to bone remodeling according to the

mechanostat model, the third value is representative of pathological

strains that can lead to bone resorption.

First, one must keep in mind that the 1000 lE envelope must be

exceeded if bone resorption due to inactivity is to be avoided.

Concerning the lateral admissible load, the calculated values are small,

and are probably achieved during normal mastication or other intra-

oral activity. Looking at the vertical component, one can note that only

50–60 N are requested to keep the bone active. The overall influence

of the Young’s modulus is minimal, so that using material with higher

Young’s modulus probably will not lead to bone resorption due to

strain shielding.

FIGURE 3 Tresca stress failure envelopes in the cortical bone for
different Young’s modulus of the implant system

FIGURE 4 Octahedral shear strain failure envelopes in the cortical
bone for different Young’s moduli of the Implant system. A, 1000
le. B, 3000 le. C, 10 000 lE
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The 3000 lE envelope reveals a relative clustering of the admissi-

ble loads for all but the 100E stiffness case. Therefore, the upper strain

range of the bone normal straining is relatively insensitive to the

implant’s material stiffness. The maximum normal load value of around

160 N is ideal for bone volume maintenance. When the lateral load is

considered, the results indicate a beneficial increase of the admissible

load with increasing stiffness values.

Considering the highest equivalent shear strain (10 000 lE ), one

can notice again the same tendencies for the envelope evolutions that

were observed for the Tresca shear stress criterion. Here too, the

stiffer the implant, the higher the admissible loads that bring to this

excessive strain value, which again indicates a beneficial effect of

stiffer implants for cortical bone yielding. With that, one should note

the relatively high value of the vertical load of 600–700 N.

3.3 | Horizontal and vertical bone-implant relative

displacements

Figure 5 shows the calculated average bone displacement relative to

the implant displacement in the region of interest for the various

implant stiffness values.

A first observation is that the absolute value of the relative micro-

motions of the bone with respect to the implant are quite small, with a

dominant vertical contribution. Here, it is important to remember that,

contrary to the above failure envelopes, the calculated displacements

correspond to only one loading case of 150 N vertical load and 20 N

lateral load, noting that bone yielding has not occurred (considering

Tresca stress failure envelopes) for this case irrespective of the material

stiffness. The results clearly indicate that reduced implant stiffness

induces larger relative micromotions as opposed to stiffer ones. Since

relative micromotions are undesirable for the initial stages of

osseointegration, one can see a positive shielding effect of those

micromotions, when the implant stiffness is increased.

3.4 | Trabecular bone strains

The trabecular shear strain corresponding to 150 N vertical and 20 N

lateral loads is shown in Figure 6. Note that the scale bar is identical

for all the studied case. As the material’s stiffness increases, one can

observe a non-monotonic increase of the near-apical strain. While the

reasons for this non-monotonic behavior are not fully clear, one can

surmise that the implant stiffness plays an important role on the overall

peri-implant strains, with some balance between the coronal and apical

parts which result in a complex strain pattern between the cortical and

the trabecular bone components. This part of the study does not repre-

sent a comprehensive study of the trabecular bone strains as it only

involves one loading case. With that, it should be noted that the maxi-

mum strain level is of the order of 1.2%, which is quite small for this

kind of bone macrostructure.29,30 Consequently, the outcome of this

specific study justifies that the emphasis be put on the cortical bone, as

in this work.

4 | DISCUSSION

This study aims at elucidating the role of the dental implant material’s

stiffness on the load transfer mechanism to the surrounding bone. This

is done from the designer’s perspective, according to which the admis-

sible loads are calculated based on 2 specific bone failure criteria,

embodied in the presented failure envelopes. Those are stress-based,

namely bone yielding (Tresca criterion), strain-based to reflect the

mechanostat approach which defines a range of admissible octahedral

FIGURE 5 Lateral and vertical bone-implant micromotions near the crestal region
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shear strains between 1000–3000 lE,16 and finally consider bone-

implant micromotions for a selected loading case.

While the implant geometry and interfacial coefficient of friction

are identical in each loading case, the materials stiffness is systemati-

cally varied from that of Titanium toward 2 extremes, namely very soft

(polymer) and very hard (imaginary) materials, including the realm of

steels and ceramics, as well as cortical bone.

Before further discussion of the results, it is important to pay

attention to the interfacial coefficient of friction. The latter repre-

sents the mechanical state of the interface and it was set to 0.5 in

this work. In their previous study, Korabi and colleagues24 examined

various frictional cases for one fixed Young’s modulus value (Tita-

nium). Their results indicated that setting aside the extreme cases of

non-frictional or fully bonded interface, variations in the coefficient

of friction had a minimal effect on the failure envelope, with a tend-

ency to shrink it as the coefficient of friction increased, as in the

case of progressing osseointegration. The exact same trend is

expected to apply to the present results concerning stress and

strain-related failure envelopes, so that a value of 0.5 can be consid-

ered as representative.

Concerning, the bone-implant micromotions, it should be noted

that there are no micromotions at a perfectly bonded interface, as

noted by Refs. 4 and 5. Here, the relative motion must be defined

away from the interface to account for the deformability of both the

bone and the implant. Such a procedure may be tricky and was not

pursued here. Instead, we considered a frictional interface for which

slippage is allowed, as a representation of the primary state of the

bone-implant interface prior to full osseointegration, noting that even

that stage dos not correspond to a fully bonded state, as noted by

Refs. 4 and 5 and others.

Irrespective of the failure criterion, the failure envelope approach

clearly showed that an increase in the implant’s stiffness will allow for

safe application of larger loads, with a minor influence over the vertical

load component only.

We also examined the bone-implant micromotions for one specific

load case and observed that the latter are very small, irrespective of

the implant’s stiffness.

Likewise, the strain experienced by the trabecular bone in the api-

cal region remains bounded and quite small irrespective of the

implant’s material.

Throughout the work, we could not pinpoint any kind of shielding

effect over the stress, strain or micromotions. Contrary to the accepted

paradigm, our study shows that higher stiffness implants are not only

harmless to the jawbone but may even be beneficial in term of work

loads.

While the 100E material does not exist, the E/100 material which

corresponds to a polymeric implant was found to be the worst per-

former in this study. This is most likely because this material is more

compliant than the bone itself and therefore “suffers” much more than

the bone, and in that respect, polymers do not seem to be the best

choice for dental implant materials.

Likewise, this study shows that one should not be reluctant to con-

sider ceramic materials on the one hand, but also that investing in the

development of more compliant implant materials is not justified by

the results of our study.

At this stage, it should be noted that this study considers single-

material implants with a well-defined stiffness. In view of the present

results, it might be interesting to consider functionally graded materials

(and perhaps geometries) that would be optimized to suit a selected

failure envelope (or set of for strain-based criteria). The benefit of such

FIGURE 6 Shear strain in the trabecular bone for the different Young’s moduli
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graded materials has been demonstrated for orthopedic applica-

tions,37,38 and their potential for dental applications deserves investiga-

tion using the failure envelope concept.

5 | CONCLUDING REMARKS

The influence of the dental implant materials’ stiffness on their func-

tionality was characterized using failure envelopes, in which both

stress, strain and displacement-based failure criteria were considered

for the cortical bone.

The failure envelope concept allows for a general characterization

of the implants functionality for all possible combinations of applied

loads and directions.

For stress/strain-based failure criteria, the calculations indicate

that the stiffer materials allow for wider failure envelopes, and thus

increased implant functionality.

As a result, matching the bone’s compliance for the implant’s mate-

rial offers no advantage with respect to stiffer materials. On the

contrary.

For very soft materials such as polymers, the failure envelope

shrinks to its bare minimum due to excessive implant distortion, which

is undesirable.

As the implant’s compliance increases, the trabecular bone experi-

ences smaller strains. However, whatever the implant’s stiffness, the

trabecular strains remain small.

When bone-implant micromotions are considered, higher stiffness

implants are preferable as they reduce the calculated displacement val-

ues, even if the latter remain overall quite small.

This study contradicts the paradigm stating that higher compliance

materials are preferable for dental implants, based on shielding assump-

tions, and in fact just points to the opposite.

The present results do not support the concept of stress, strain or

displacement shielding for the bone-dental implant system.
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