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Abstract

Objectives

The aim of this in vitro study was to evaluate the stress distribution on three implant models

with narrow and extra-narrow diameters using the finite element method (FEA).

Materials and methods

Dental implants of extra-narrow diameter of 2.5 mm for a one-piece implant (group G1), a

narrow diameter of 3.0 mm for a one-piece implant (group G2) and a narrow diameter of 3.5

mm for a two-piece implant with a Morse taper connection (group G3). A three-dimensional

model was designed with cortical and cancellous bone, a crown and an implant/abutment

set of each group. Axial and angled (30˚) loads of 150 N was applied. The equivalent von

Mises stress was used for the implants and peri-implant bone plus the Mohr-Coulomb analy-

sis to confirm the data of the peri-implant bone.

Results

In the axial load, the maximum stress value of the cortical bone for the group G1 was

22.35% higher than that the group G2 and 321.23% than the group G3. Whereas in angled

load, the groups G1 and G2 showing a similar value (# 3.5%) and a highest difference for

the group G3 (391.8%). In the implant structure, the group G1 showed a value of 2188MPa,

93.6% higher than the limit.

Conclusions

The results of this study show that the extra-narrow one-piece implant should be used with

great caution, especially in areas of non-axial loads, whereas the one- and two-piece nar-

row-diameter implants show adequate behavior in both directions of the applied load.

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0245800 February 4, 2021 1 / 13

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Barbosa FT, Zanatta LCS, de Souza

Rendohl E, Gehrke SA (2021) Comparative analysis

of stress distribution in one-piece and two-piece

implants with narrow and extra-narrow diameters:

A finite element study. PLoS ONE 16(2): e0245800.

https://doi.org/10.1371/journal.pone.0245800

Editor: Sompop Bencharit, Virginia Commonwealth

University, UNITED STATES

Received: September 10, 2020

Accepted: January 7, 2021

Published: February 4, 2021

Copyright: © 2021 Barbosa et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the paper.

Funding: Biotecnos Research Center provided

support in the form of salary for author SAG, who

is the director and a researcher at the laboratory.

The specific role of this author is articulated in the

‘author contributions’ section. Biotecnos Research

Center is a company dedicated to conducting

material analysis. The funder did not have any

additional role in the study design, data collection

https://orcid.org/0000-0001-5857-7839
https://orcid.org/0000-0002-5863-9101
https://doi.org/10.1371/journal.pone.0245800
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0245800&domain=pdf&date_stamp=2021-02-04
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0245800&domain=pdf&date_stamp=2021-02-04
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0245800&domain=pdf&date_stamp=2021-02-04
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0245800&domain=pdf&date_stamp=2021-02-04
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0245800&domain=pdf&date_stamp=2021-02-04
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0245800&domain=pdf&date_stamp=2021-02-04
https://doi.org/10.1371/journal.pone.0245800
http://creativecommons.org/licenses/by/4.0/


Introduction

Frequently, areas with anatomical limitations of bone thickness or mesio-distal clinical space

(interradicular space) are found to replacement of teeth less. In these cases, the use of small

diameter implants may be an alternative [1,2] to the surgery for increase the bone volume or

to orthodontic movement for open the mesio-distal space. Mechanically, small diameter

implants are less resistant than larger diameter implants [1,3] and have a smaller contact sur-

face, a factor that directly influences the transfer of forces to the peri-implant bone, which can

compromise success long-term. However, the use of small diameter implants has shown sur-

vival rates similar to standard diameter implants [4–7].

Small-diameter implants have been modified so that their fracture resistance and force dis-

sipation are improved. However, when these implants are manufactured in two parts, the pres-

ence of an internal coupling chamber for the abutment and the fixation screw makes it

difficult to reduce the diameter of this implant without affecting its strength. As a result, some

companies started to manufacture small-diameter one-piece implants (implant and abut-

ment), creating a more resistant structure [8].

Some methodologies, such as finite element analysis and photoelasticity, have been used in

order to evaluate the behavior of implants since an adequate distribution of the forces applied

during the masticatory function is fundamental for the long-term success of implant-sup-

ported rehabilitation [9,10]. In this sense, a finite element analysis allows for an analytical

assessment of the distribution of forces through a virtual mathematical model, where variables

can be tested.

The use of one-piece narrow-diameter implants to avoid previous procedures (grafts and/

or orthodontic movement) brings an immediate benefit to the solution of the case. However,

other complications in the medium and long term, mainly due to the biomechanical behavior

of these implants, can affect the durability of the treatment. In this sense, the present in vitro

study aimed to apply the method of finite elements to assess and compare the behavior of the

concentration and distribution of a load of 150 N, applied in the axial and oblique directions,

on extra-narrow- and narrow-diameter one- and two-piece implants.

Materials and methods

In the present study, two diameters of one-piece implants and a narrow-diameter two-piece

implant were used, forming three groups: Group G1, where one-piece implants with an extra-

narrow diameter of 2.5 mm were used; Group G2, where one-piece implants with a narrow

diameter of 3.0 mm were used; Group G3, where two-piece implants with a narrow diameter

of 3.5 mm with a Morse taper connection were used. The smaller two-piece diameter implant

available in this implant system was used to serve as a comparison parameter. All implants

used were 9.0 mm in length from the implantable portion and 6 mm in length by 3.5 mm in

diameter from the portion corresponding to the abutment. In addition, all abutments had a

2.5 mm transmucosal portion. All implants and abutments used are manufactured by the com-

pany Implacil De Bortoli (São Paulo, Brazil). Fig 1 shows the sets (implant and abutment)

tested in each group.

The digital models were made using the program Rhinoceros 5.4.1 for Windows (Robert

McNeel and Associates, Seattle, USA). In this stage, we digitally designed the macrogeometry

of the bone base, prosthetic crown and cement. The geometries of the implants, abutments

and copings were provided by the manufacturer (Implacil De Bortoli, São Paulo, Brazil). In the

second stage, processing was performed using the software Ansys Workbench 19.0 (Ansys

Inc., Canonsburg, PA, EUA). Finally, an analysis of the qualitative and quantitative results was
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carried out through the evaluation of numerical and graphical information regarding the stress

values of each component of the three-dimensional model.

The design of alveolar bone base was performed with the cortical bone portion at 1.0 mm of

thickness [11]. The designs of the prosthetic crowns were modeled in the program Rhinoceros

5.4.1 for Windows (Robert McNeel and Associates, Seattle, USA) and standardized as unitary

geometric structures of feldspathic porcelain crowns corresponding to an upper lateral incisor.

On top of the crowns, cylindrical structures were inserted in a direction parallel to the implant

(axial load) and, in another implant, with a 30˚ inclination in relation to the long axis of the

implant sets (angled load). The cylindrical structures were inserted in the crowns to assure the

application of load in the same position for all implant models. As the teeth are organic geo-

metric structures, in order to have uniformity and correct angulation control, we use this

methodology for exact standardization of the axial and oblique load in all proposed models.

Fig 2 show the alveolar bone and both crown designs.

The assembly of the clinical situation models (bone base, implant, abutment and crown)

was also performed using the Rhinoceros program 5.4.1 for Windows (Robert McNeel and

Associates, Seattle, USA) and analyzed in the Ansys Workbench 19.0 software (Ansys Inc.,

Canonsburg, PA, EUA). For each material of the modeled structures (crown, metallic infra-

structure, cement, abutment, implant, cortical bone and cancellous bone), values correspond-

ing to the mechanical properties of each element were inserted individually (modulus of

elasticity and Poisson’s ratio), as specified in Table 1. All materials were considered to be iso-

tropic, homogeneous and linearly elastic. For the G3 group (two-piece implant), a non-linear

analysis was carried out, assuming the frictional nature of the Morse connection between the

sets (abutment-implant-fixation screw).

Fig 1. Representative image of the implants tested in each group. The groups G1 and G2 are one-piece implants and

the group G3 is two-pieces implant.

https://doi.org/10.1371/journal.pone.0245800.g001
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A mesh refinement was carried out for the regions corresponding to the areas of more

interest for the present study (Fig 3). The total number of elements in the models analyzed ran-

ged from 432.020 to 887.245, and the total number of nodes ranged from 753.005 to 1398.103.

In relation to the simulation limits, the contacts between the fundamental structures of the

geometric model were considered to be bonded contact between the crown and metallic infra-

structure, between metallic infrastructure and cement, between cement and abutment,

between cancellous bone and cortical bone and between the implant and bone. A structure

with a minimum thickness of up to 0.1 mm of resin cement was built. Between the internal

surface of the implant and the external surface of the abutment, a friction type contact was

adopted, using a friction coefficient of 0.8 [14]. The bone block was considered fixed in its

location in the mesial and distal areas of the block. In all created situations, a force of 150 N

was applied to the cylindrical surfaces drawn on the crowns [15,16].

All simulations in this study were analyzed quantitatively and qualitatively. The results were

individualized according to the main structures of interest in the study: implant, abutment and

Fig 2. Image of the structures created to test the samples of each group. (a) bone block, (b) crown for axial load application and (c) crown for angled

load application in 30˚.

https://doi.org/10.1371/journal.pone.0245800.g002

Table 1. Mechanical properties of the materials used in the present study.

Materials Young´s modulus (GPa) Poisson ratio References

Feldspathic porcelain 65 0.33 Álvarez et al. [12]

Metallic infrastructure 218 0.25 Toniollo et al. [13]

Cement 7 0.30 Álvarez et al. [12]

Titanium abutment 107.2 0.35 Álvarez et al. [12]

Titanium implant 110 0.25 Geng et al. [14]

Cancellous bone 1.37 0.30 Geng et al. [14]

Cortical bone 15 0.33 Álvarez et al. [12]

https://doi.org/10.1371/journal.pone.0245800.t001
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peri-implant bone (cortical bone and cancellous bone). The prosthetic crown, metallic infra-

structure and cement were modeled and inserted in the simulations just to simulate a clinical

situation; therefore, the quantitative and qualitative results of these structures were not

analyzed.

All implant models and peri-implant bone (cortical and cancellous bone) were analyzed

using the von Mises criterion. The Von Mises criterion is one of the most used criteria in den-

tistry to assess bone performance, as it has the advantage of always providing a positive result,

facilitating comparative analyzes. However, as the Von Mises criterion is most appropriate to

ductile structures [17–19], to circumvent this limitation, we associate the Mohr-Coulomb

method to analyze the bone structure [20,21]. Then, the peri-implant bone was also subjected

to the Mohr–Coulomb method, which allows the differentiation of the impact of tension and

compression stresses to occur in a different way. In evaluating the flow limits of each structure,

the values considered were as follows: for the titanium implant, the value of 1130 MPa corre-

sponds to 100% [22] and, for bone tissue, 114 Mpa corresponds to 100% in situations of axial

load application, and 50 Mpa corresponds to 100% in the application of angled loads [23].

Results

Axial load results

In the G1 and G2 groups, during the application of an axial load, the maximum von Mises

stress values to the implant structure was observed in the cervical portion, corresponding to

the cervical cortical bone level around the implant. Whereas in the group G3, the maximum

Fig 3. Mesh image generated for the structures to be studied, showing that the regions corresponding to the areas

of more interest for the present study, the mesh refinement was carried out.

https://doi.org/10.1371/journal.pone.0245800.g003
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von Mises stress values was observed inside of the implant cone, corresponding to the abut-

ment position, with low incidence in bone tissue. Fig 4 show the position of the maximum

stress in each group. The highest value of maximum stress was observed in the implant of the

group G3 (1593.3 MPa), followed by the group G1 (224.26 MPa) and the group G2 (169.2

MPa). In the evaluation of the maximum stress value for the perimplant bone, the 3 groups

presented low values in the cancellous bone (3 to 12 MPa). However, in the cortical bone it

was where the measured stress values were highest, and in the group G1 it was the highest of

all, which was 22.35% higher than that of group G2 and 321.23% than the group G3. Table 2

shows the minimum and maximum von Mises stress values found for the axial load for each

group.

In the Mohr-Coulomb analysis, the lower the values obtained, the more harmful the peri-

implant bone. Then, in this analysis the group G1 showed the less values, followed by the

group G2 and G3, as presented in the Fig 5.

Angled 30˚ load results

In the application of an angled load, the maximum von Mises stress values to the implant

structure in all groups was observed in the cervical portion. However, in the groups G1 and G3

the maximum stress was observed directly in the interface (bone-to-implant) of the cervical

portion, corresponding to the cervical cortical bone level around the implant. Whereas in the

group G3, the maximum von Mises stress values was observed in the cervical portion of the

abutment in contact with the implant platform, with low incidence in cortical bone. Fig 6

show the position of the maximum stress in each group. The maximum stress value presented

in the group G1 was 59% highest than the group G2 and 64.5% highest than the group G3. In

the evaluation of the maximum stress value for the perimplant bone, the 3 groups presented

Fig 4. Images showing the position of the maximum stress of implant structure in each group during the axial load application. (a) group G1, (b) group G2 and

(c) group G3.

https://doi.org/10.1371/journal.pone.0245800.g004

Table 2. Minimum and maximum von Mises principal stress of implants with different structures with axial load direction (values in MPa).

Groups Implants Cortical bone Cancellous bone

σmin τmax σmin τmax σmin τmax

G1 0.052 224.26 0.052 104.55 0.075 12.051

G2 0.063 169.2 0.063 85.45 0.103 9.152

G3 0.087 1593.3 0.112 24.82 0.304 3.286

σmin = minimum principal stress; τmax = maximum shear stress.

https://doi.org/10.1371/journal.pone.0245800.t002
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low values in the cancellous bone between 12 to 24 MPa (G1 > G2 > G3). In the cortical bone

were found highest stress values between the groups, with the groups G1 and G2 showing a

similar value (# 3.5%) and a highest difference for the group G3 (391.8%). Table 3 shows the

minimum and maximum von Mises stress values found for the angled load for each group.

In the Mohr-Coulomb analysis, the group G2 showed the less values, followed by the group

G1 and G3, as presented in the Fig 7.

Discussion

Our in vitro study aimed to analyze the stress distribution in three models of in one- and two-

piece dental implants with reduced diameters by applying a 150 N load in the axial and angled

directions. In the application of the axial load, all tested models presented stress values below

the yield limits of the analyzed structures. However, when angled loads were applied, the

behavior was different between the groups, with values above the flow limit in the implant

structure and in the supporting bone tissue. As presented and considered in other studies

[24,25], in our study, the materials were modeled with linear, elastic, isotropic and homoge-

neous properties. The finite element analysis methodology used is often applied to the type of

evaluation reported in the present study, as it presents a high level of reliability that potentially

reaches 95% [26,27]. Through this methodology, it was possible to carry out a quantitative

Fig 5. Images with the values of the Mohr-Coulomb analysis of peri-implant bone for each group during the axial load application. (a) group G1, (b) group G2

and (c) group G3.

https://doi.org/10.1371/journal.pone.0245800.g005

Fig 6. Images showing the position of the maximum stress of implant structure in each group during the angled load application. (a) group G1, (b) group G2 and

(c) group G3.

https://doi.org/10.1371/journal.pone.0245800.g006
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analysis and a qualitative analysis of the simulated loads, which gives us an idea of the way in

which the applied loads are dissipated and the possible consequences in all evaluated struc-

tures. In addition, an analysis was performed for peri-implant bone using the Mohr–Coulomb

criterion, which is more suitable for bone tissue, as it takes into account the criteria of traction

and compression of a material [21].

Regardless of the methodology and implants used, the results of our study corroborate the

results reported by other studies [28–31], which demonstrated that the area of the cortical

bone crest is always more exposed to harmful forces, especially when non-axial loads are

applied. The concern with the dissipation of loads in the region of the marginal ridge is a con-

stant in several studies found in the literature since stress concentrations above the flow limit

can cause microfractures in the cortical bone area and induce bone resorption. In addition,

our results corroborate other studies [5,21,27,28,32,33] that demonstrated that the regions

with the highest concentration are the neck area and the region of the first threads, and there-

fore, these would be better studied in one-piece implants, especially in those with an extra-nar-

row diameter.

Other authors [21,28,34–36] have evaluated the behavior of implants with different connec-

tions and observed that they presented a superior mechanical behavior when compared with

hexagonal connections (internal and external), demonstrating a lower tension under oblique

forces and the superior dissipation capacity in implants with Morse taper connections, even

under angled loads. For this reason, a two-piece implant and reduced platform with a Morse

taper connection were selected for our comparison. However, authors who compared one-

and two-piece (Morse taper connection) implants of the same diameter reported divergent

results [5,37]. Wu and collaborators [5] showed favorable results for two-piece implants, while

Table 3. Maximum von Mises stresses of implants with different structures with angled load direction (values in MPa).

Groups Implants Cortical bone Cancellous bone

σmin τmax σmin τmax σmin τmax

G1 0.042 2188 0.042 607.9 0.042 24.077

G2 1.901 1375.4 0.031 587.47 0.030 22.176

G3 0.076 1330.2 0.076 123.6 0.075 12.581

σmin = minimum principal stress; τmax = maximum shear stress.

https://doi.org/10.1371/journal.pone.0245800.t003

Fig 7. Images with the values of the Mohr-Coulomb analysis of peri-implant bone for each group during the angled load application. (a) group G1, (b) group G2

and (c) group G3.

https://doi.org/10.1371/journal.pone.0245800.g007
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Lopes and collaborators [37] demonstrated better results for one-piece implants. Our results

show that Morse taper implants (two-pieces) produce better results in relation to the dissipa-

tion of forces applied in both directions (axial and angled), mainly in the evaluation of the

peri-implant region. The conical shape of the Morse taper connection causes most of the forces

received to be dissipated into the implant.

Unsurprisingly, in studying different implant diameters, several authors [38–41] found bet-

ter performances with the use of larger-diameter implants. The results presented in our study

corroborate those obtained by other authors [4,42,43], who also found a good mechanical

behavior of single-body implants, regardless of the material from which they were manufac-

tured, concluding that small-diameter implants can be used in implant-supported rehabilita-

tion with success and predictability rates similar to implants with a conventional diameter.

When comparing the behavior of small-diameter single-body implants with two-piece

implants of different diameters, our results reinforce the findings of other authors [3,44], who

stated that despite the better behavior of regular-diameter implants, small-diameter implants

are a viable and predictable option for implant-supported rehabilitation, provided that careful

planning is carried out. Still, other authors [45–47] verified a decrease in the mechanical resis-

tance of extra-reduced-diameter implants when compared with regular-diameter implants,

and for this reason, their clinical indication would be restricted to areas with a low incidence

of masticatory loads.

Although the maximum values of Von Mises stresses exceeded the deformation limit of the

extra-narrow implant when subjected to an angled load, in the other groups tested, only a few

points on the implant body or abutment body (two-piece implants) exceeded flow values, cor-

roborating the study of Bordin and collaborators [1] who, through finite element analysis,

demonstrated the good behavior of small-diameter implants. The results of the present study

are reinforced by the findings of Cinel and collaborators [33], who demonstrated the efficiency

of small-diameter single-body implants. However, Cinel and collaborators [33] pointed out a

greater tension in some areas and possible failure due to fatigue, which diverges from the pres-

ent study in this aspect because, according to the results obtained in this work, these concen-

tration peaks found in cortical areas and in the first turns are located in well-defined areas, so

they are not considered points of possible fatigue failures.

Due to the large number of variables existing in each patient and among patients, it

becomes impossible to accurately reproduce clinical behavior in vitro. Then, some limitations

of the present study can be related: this mode of analysis by finite elements does not allow to

consider the influence of the forces applied by the tongue and other structures present in the

oral cavity, as well as, the influence of the different load conditions present during the mastica-

tory cycle, that is, the applied loads were in a single predetermined direction; the jawbone was

considered to be isotropic and homogenous, and the interface between cortical/cancellous

bone and between the implant and cortical/cancellous bone has been assumed completely

bonded, although this is not the case in clinical conditions; the occlusal forces have been

applied in a predeterminate position of the crown, while, in real clinical conditions these are

applied in different positions.

One-piece narrow-diameter implants demonstrate a promising alternative to avoid previ-

ous procedures (grafts and/or orthodontic movement) brings an immediate benefit to the

solution of the case. However, clinicians should consider other clinical parameters, such as

clinical occlusion, parafunctional habits, the position of the site and, mainly, the direction of

the loads that will fall on the crown. Thus, implants with extra-small diameter can and must be

protected from angled loads. This is possible, as they are supposed to be positioned between

healthy teeth. Furthermore, an in vitro study to support the computational models is
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subsequently employed to verify the in silico results (FEA analysis) are meant to show how

materials behave and not be used for quantitative experimental data.

Conclusions

Within the limitations of the present study, we conclude that the stress distribution on axial

and angled 30˚ loads on the peri-implant bone tissue presented a better result in the two-pieces

narrow implant, in comparison with the one-piece narrow implants. Moreover, the maximum

stress values obtained for the implant structure in angled load was well above the limit of resis-

tance in the one-piece extra-narrow implants.

Author Contributions

Conceptualization: Fabricia Teixeira Barbosa, Luiz Carlos Silveira Zanatta, Sergio Alexandre

Gehrke.

Data curation: Fabricia Teixeira Barbosa, Edélcio de Souza Rendohl.

Formal analysis: Sergio Alexandre Gehrke.

Investigation: Fabricia Teixeira Barbosa, Luiz Carlos Silveira Zanatta, Edélcio de Souza

Rendohl, Sergio Alexandre Gehrke.

Methodology: Fabricia Teixeira Barbosa, Luiz Carlos Silveira Zanatta.

Software: Edélcio de Souza Rendohl, Sergio Alexandre Gehrke.

Validation: Luiz Carlos Silveira Zanatta.

Visualization: Edélcio de Souza Rendohl.

Writing – original draft: Fabricia Teixeira Barbosa, Luiz Carlos Silveira Zanatta, Sergio Alex-

andre Gehrke.

Writing – review & editing: Sergio Alexandre Gehrke.

References
1. Bordin D, Bergamo ETP, Fardin VP, Coelho PG, Bonfante EA. Fracture strength and probability of sur-

vival of narrow and extra-narrow dental implants after fatigue testing: In vitro and in silico analysis. J

Mech Behav Biomed Mater. 2017; 71:244–249. https://doi.org/10.1016/j.jmbbm.2017.03.022 PMID:

28365541

2. Schiegnitz E, Al-Nawas B. Narrow-diameter implants: A systematic review and meta-analysis. Clin Oral

Implants Res. 2018; 29 Suppl 16:21–40. https://doi.org/10.1111/clr.13272 PMID: 30328192

3. Tuzzolo Neto H, Tuzita AS, Gehrke SA, de Vasconcellos Moura R, Zaffalon Casati M, Mikail Melo Mes-

quita A. A Comparative Analysis of Implants Presenting Different Diameters: Extra-Narrow. Narrow and

Conventional. Materials (Basel). 2020;17: 13(8). https://doi.org/10.3390/ma13081888 PMID: 32316409

4. Assaf A, Saad M, Daas M, Abdallah J, Abdallah R. Use of narrow-diameter implants in the posterior

jaw: a systematic review. Implant Dent. 2015; 24:294–306. https://doi.org/10.1097/ID.

0000000000000238 PMID: 25851960

5. Wu AY, Hsu JT, Fuh LJ, Huang HL. Biomechanical effect of implant design on four implants supporting

mandibular full-arch fixed dentures: In vitro test and finite element analysis. J Formos Med Assoc. 2019;

S0929-6646(19)30872-1. https://doi.org/10.1016/j.jfma.2019.12.001 PMID: 31883628

6. Froum SJ, Shi Y, Fisselier F, Cho SC. Long-Term Retrospective Evaluation of Success of Narrow-

Diameter Implants in Esthetic Areas: A Consecutive Case Series with 3 to 14 Years Follow-up. Int J

Periodontics Restorative Dent. 2017; 37:629–637. https://doi.org/10.11607/prd.3266 PMID: 28817125

7. Arisan V, Bölükbaşi N, Ersanli S, Ozdemir T. Evaluation of 316 narrow diameter implants followed for

5–10 years: a clinical and radiographic retrospective study. Clin Oral Implants Res. 2010; 21:296–307.

https://doi.org/10.1111/j.1600-0501.2009.01840.x PMID: 20443792

PLOS ONE Stress distribution in one-piece and two-piece implants

PLOS ONE | https://doi.org/10.1371/journal.pone.0245800 February 4, 2021 10 / 13

https://doi.org/10.1016/j.jmbbm.2017.03.022
http://www.ncbi.nlm.nih.gov/pubmed/28365541
https://doi.org/10.1111/clr.13272
http://www.ncbi.nlm.nih.gov/pubmed/30328192
https://doi.org/10.3390/ma13081888
http://www.ncbi.nlm.nih.gov/pubmed/32316409
https://doi.org/10.1097/ID.0000000000000238
https://doi.org/10.1097/ID.0000000000000238
http://www.ncbi.nlm.nih.gov/pubmed/25851960
https://doi.org/10.1016/j.jfma.2019.12.001
http://www.ncbi.nlm.nih.gov/pubmed/31883628
https://doi.org/10.11607/prd.3266
http://www.ncbi.nlm.nih.gov/pubmed/28817125
https://doi.org/10.1111/j.1600-0501.2009.01840.x
http://www.ncbi.nlm.nih.gov/pubmed/20443792
https://doi.org/10.1371/journal.pone.0245800


8. Preoteasa E, Imre M, Lerner H, Tancu AM, Preoteasa CT. Narrow Diameter and Mini Dental Implant

Overdentures, Emerging Trends in Oral Health Sciences and Dentistry, Mandeep Singh Virdi, IntechO-

pen, 2015. 10.5772/59514. https://www.intechopen.com/books/emerging-trends-in-oral-health-

sciences-and-dentistry/narrow-diameter-and-mini-dental-implant-overdentures.

9. Pesqueira AA, Goiato MC, Filho HG, Monteiro DR, Dos Santos DM, Haddad MF, et al. Use of stress

analysis methods to evaluate the biomechanics of oral rehabilitation with implants. J Oral Implantol.

2014; 40:217–228. https://doi.org/10.1563/AAID-JOI-D-11-00066 PMID: 24779954

10. Prados-Privado M, Bea JA, Rojo R, Gehrke SA, Calvo-Guirado JL, Prados-Frutos JC. A New Model to

Study Fatigue in Dental Implants Based on Probabilistic Finite Elements and Cumulative Damage

Model. Appl Bionics Biomech. 2017; 2017:3726361. https://doi.org/10.1155/2017/3726361 PMID:

28757795

11. Bona AD, Anusavice KJ, DeHoff PH. Weibull analysis and flexural strength of hot-pressed core and

veneered ceramic structures. Dent Mater. 2003; 19(7):662–669. https://doi.org/10.1016/s0109-5641

(03)00010-1 PMID: 12901992

12. Álvarez-Arenal A, Segura-Mori L, Gonzalez-Gonzalez I, Gago A. Stress distribution in the abutment

and retention screw of a single implant supporting a prosthesis with platform switching. Int J Oral Maxil-

lofac Implants. 2013; 28(3):e112–e121. https://doi.org/10.11607/jomi.2813 PMID: 23748329

13. Toniollo MB, Macedo AP, Rodrigues RCS, Ribeiro RF, Mattos MdaG. A three-dimensional finite ele-

ment analysis of the stress distribution on morse taper implants surface. J Prosthodont Res. 2013;

57:206–212.

14. Geng J-PA, Tan KBC, Liu G-R. Application of finite element analysis in implant dentistry: a review of the

literature. J Prosthet Dent. 2001; 85(6):585–598. https://doi.org/10.1067/mpr.2001.115251 PMID:

11404759

15. Tabata LF, Assunção WG, Adelino Ricardo Barão V, de Sousa EA, Gomes EA, Delben JA. Implant plat-

form switching: biomechanical approach using two-dimensional finite element analysis. J Craniofac

Surg. 2010; 21(1):182–7. https://doi.org/10.1097/SCS.0b013e3181c50eb8 PMID: 20098182

16. de Souza Rendohl E, Brandt WC. Stress distribution with extra-short implants in an angled frictional

system: A finite element analysis study. J Prosthet Dent. 2020:S0022-3913(20)30364-4.

17. Macedo JP, Pereira J, Faria J, Pereira CA, Alves JL, Henriques B, et al. Finite element analysis of

stress extent at peri-implant bone surrounding external hexagon or Morse taper implants. J Mech

Behav Biomed Mater. 2017; 71:441–447. https://doi.org/10.1016/j.jmbbm.2017.03.011 PMID:

28499606

18. Cicci M. FEM and Von Mises analyses of different dental implant shapes for masticatory loading distri-

bution. ORL [Internet]. 2014, http://www.oimplantology.org/common/php/portiere.php?ID=

c07ebd597b4b2058495ba499db1dc398.

19. Moon S-Y, Lim Y-J, Kim M-J, Kwon H-B. Three-dimensional finite element analysis of platform switched

implant. J Adv Prosthodont. 2017; 9:31–37. https://doi.org/10.4047/jap.2017.9.1.31 PMID: 28243389

20. Morgan EF, Bayraktar HH, Yeh OC, Majumdar S, Burghardt A, Keaveny TM. Contribution of inter-site

variations in architecture to trabecular bone apparent yield strains. J Biomechs. 2004; 37:1413–1420.

https://doi.org/10.1016/j.jbiomech.2003.12.037 PMID: 15275849

21. Edwards WB, Troy KL. Finite element prediction of surface strain and fracture strength at the distal

radius. Med Eng Phys. 2012; 34:290–298. https://doi.org/10.1016/j.medengphy.2011.07.016 PMID:

21840240

22. Garcı́a-Braz SH, Prados-Privado M, Zanatta LCS, Calvo-Guirado JL, Prados-Frutos JC, Gehrke SA. A

Finite Element Analysis to Compare Stress Distribution on Extra-Short Implants with Two Different

Internal Connections. J Clin Med. 2019; 25: 8(8). https://doi.org/10.3390/jcm8081103 PMID: 31349666

23. Currey JD. The mechanical adaptation of bones. New Jersey: Princeton University Press; 1984:1–

294.

24. In: (www.matweb.com/search/DataSheet.aspx?MatGUID=12529329832a4a0295dbf5451b8c4c75).

25. Lee H, Park S, Noh G. Biomechanical analysis of 4 types of short dental implants in a resorbed mandi-

ble. J Prosthet Dent. 2019; 121:659–670. https://doi.org/10.1016/j.prosdent.2018.07.013 PMID:

30580986

26. Ao J, Li T, Liu Y, Ding Y, Wu G, Hu K, et al. Optimal design of thread height and width on an immediately

loaded cylinder implant: A finite element analysis. Comput Biol Med. 2010; 40:681–686. https://doi.org/

10.1016/j.compbiomed.2009.10.007 PMID: 20599193

27. Sabri LA, Hussein FA, Al-Zahawi AR, Abdulrahman BY, Salloomi KN. Biomechanical finite element

analysis of a single implant threaded in anterior and posterior regions of maxilla bone. Indian J Dent

Res. 2020; 31:203–208. https://doi.org/10.4103/ijdr.IJDR_510_18 PMID: 32436898

PLOS ONE Stress distribution in one-piece and two-piece implants

PLOS ONE | https://doi.org/10.1371/journal.pone.0245800 February 4, 2021 11 / 13

https://doi.org/10.5772/59514
https://www.intechopen.com/books/emerging-trends-in-oral-health-sciences-and-dentistry/narrow-diameter-and-mini-dental-implant-overdentures
https://www.intechopen.com/books/emerging-trends-in-oral-health-sciences-and-dentistry/narrow-diameter-and-mini-dental-implant-overdentures
https://doi.org/10.1563/AAID-JOI-D-11-00066
http://www.ncbi.nlm.nih.gov/pubmed/24779954
https://doi.org/10.1155/2017/3726361
http://www.ncbi.nlm.nih.gov/pubmed/28757795
https://doi.org/10.1016/s0109-5641%2803%2900010-1
https://doi.org/10.1016/s0109-5641%2803%2900010-1
http://www.ncbi.nlm.nih.gov/pubmed/12901992
https://doi.org/10.11607/jomi.2813
http://www.ncbi.nlm.nih.gov/pubmed/23748329
https://doi.org/10.1067/mpr.2001.115251
http://www.ncbi.nlm.nih.gov/pubmed/11404759
https://doi.org/10.1097/SCS.0b013e3181c50eb8
http://www.ncbi.nlm.nih.gov/pubmed/20098182
https://doi.org/10.1016/j.jmbbm.2017.03.011
http://www.ncbi.nlm.nih.gov/pubmed/28499606
http://www.oimplantology.org/common/php/portiere.php?ID=c07ebd597b4b2058495ba499db1dc398
http://www.oimplantology.org/common/php/portiere.php?ID=c07ebd597b4b2058495ba499db1dc398
https://doi.org/10.4047/jap.2017.9.1.31
http://www.ncbi.nlm.nih.gov/pubmed/28243389
https://doi.org/10.1016/j.jbiomech.2003.12.037
http://www.ncbi.nlm.nih.gov/pubmed/15275849
https://doi.org/10.1016/j.medengphy.2011.07.016
http://www.ncbi.nlm.nih.gov/pubmed/21840240
https://doi.org/10.3390/jcm8081103
http://www.ncbi.nlm.nih.gov/pubmed/31349666
http://www.matweb.com/search/DataSheet.aspx?MatGUID=12529329832a4a0295dbf5451b8c4c75
https://doi.org/10.1016/j.prosdent.2018.07.013
http://www.ncbi.nlm.nih.gov/pubmed/30580986
https://doi.org/10.1016/j.compbiomed.2009.10.007
https://doi.org/10.1016/j.compbiomed.2009.10.007
http://www.ncbi.nlm.nih.gov/pubmed/20599193
https://doi.org/10.4103/ijdr.IJDR%5F510%5F18
http://www.ncbi.nlm.nih.gov/pubmed/32436898
https://doi.org/10.1371/journal.pone.0245800


28. Duan Y, Gonzalez J, kulkarni PA, Nagy WW, Griggs JA. Fatigue lifetime prediction of a reduced-diame-

ter dental implant system: numerical and experimental study. Dent Mater. 2018; 34:1299–1309. https://

doi.org/10.1016/j.dental.2018.06.002 PMID: 29921465

29. Zanatta LC, Dib LL, Gehrke SA. Photoelastic stress analysis surrounding different implant designs

under simulated static loading. J Craniofac Surg. 2014; 25:1068–1071. https://doi.org/10.1097/SCS.

0000000000000829 PMID: 24777027

30. Paul S, Padmanabhan TV, Swarup S. Comparison of strain generated in bone by "platform-switched"

and "non-platform-switched" implants with straight and angulated abutments under vertical and angu-

lated load: a finite element analysis study. Indian J Dent Res. 2013; 24:8–13. https://doi.org/10.4103/

0970-9290.114913 PMID: 23852226
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