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Influence of Implant Dimensions in the Resorbed and Bone Augmented
Mandible: A Finite Element Study

Abstract

Aims: The scope of this study was to analyze the influence of clinically feasible implant diameter and
length on the stress transmitted to the peri-implant bone in the case of a resorbed and bone augmented
mandible through finite element analysis. Settings and Design: The study was carried out in silico.
Subjects and Methods: Resorbed and bone-augmented 3D models were derived from in vivo cone-beam
computed tomography scans of the same patient. Corresponding implant systems were modeled with
the diameter ranging from 3.3 to 6 mm and length ranging from 5 to 13 mm, and masticatory loads
were applied on the abutment surface. Statistical Analysis Used: None. Results: In the bone augmented
ridge, maximum stress values in the peri-implant region drastically decreased only when using implants
of a diameter of 5 mm and 6 mm. Implants up to 4 mm in diameter led to comparable stress values with
the ones obtained in the resorbed ridge, when using the larger implants. The increase of length reduced
stress in the resorbed mandible, whereas in the bone augmented model, it led to small variations only in
implants up to 4 mm in diameter. Conclusions: It was concluded that bone augmentation provides the
optimal framework for clinicians to use larger implants, which, in turn, reduces stress in the peri-implant
region. Diameter and length play an equally important role in decreasing stress. Implant dimensions

should be carefully considered with ridge geometry.
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Introduction

Dental implants have been proven to be a
successful solution in the oral rehabilitation
of edentulous patients. Advancements in
materials, coating technology, and a wide
variety of designs have allowed dental
implants to be used in almost all clinical
cases.l!. Among the most important factors
in choosing the optimal implant are bone
quality, density, and dimensions.>3) Implant
dimensions are dependent on available bone
volume and also have a great influence on
the stress values and distribution in the
mandibular bone. Certain dimensions of
implants may not even be considered in
some cases such as bone resorption due to
restrictive dimensions of the mandibular
bone. When the loss of bone tissue is
substantial, bone augmentation can be done,
aiming to restore its dimensions, both in
height and width, thus allowing the use
of a larger implant. Bone augmentation is
a surgical procedure that presents certain
risks such as postoperative morbidity of
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the donor site, increased costs of oral
rehabilitation, pain, treatment time.

Many current in vivo and in vitro studies
have tried to assess the impact of implant
dimensions on the stress transmitted to the
peri-implant tissue but have yet to reach a
clear conclusion on this complex matter.[**!
Some studies have reported that a larger
implant may lead to smaller stress values
in the peri-implant bone.’”! However, other
studies show that smaller implants used
in resorbed mandibles have a comparable
long-term survival rate and stress values to
larger implants.*¢] Furthermore, there is a
lack of studies on the importance of bone
geometry and its influence on the implant
induced stress at the crestal bone level,
since implant dimensions, stress, and bone
geometry are all inter-related and should
not be studied separately.™

Stress  values and  distribution  are
important factors for long-term implant
survival. High-stress concentration at
the peri-implant bone due to excessive
implant loading may lead to bone
resorption.® ! Bone loss around the implant
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neck is associated with implant failure. The long-term
success of dental implants depends on the ability of the
bone tissue to respond positively to implant loading.["'"'4
Physiological loads applied to the implant are transferred
to the surrounding tissue. These forces can either improve
bone remodeling or produce bone resorption. Several
factors are reported to have a significant influence on the
homeostasis of the bone tissue: the type and magnitude
of loading, implant geometry and materials, the volume
and density of bone tissue, and the characteristics of the
bone-implant interface.!'>!! Approximately 50% of implant
losses occur due to the loss of bone support.?”’ Implant
dimensions can influence bone loss due to their impact on
stress values generated in the bone tissue.l*”

Thus, the issue is whether or not bone augmentation is
necessary to allow for the use of larger implants when
smaller ones could potentially perform comparably and
avoid preliminary surgical procedures. Finite element
analysis (FEA) is an advantageous technique because
it allows the exploration of certain parameters through
iterative analysis with no ethical implications that would
be otherwise difficult or even impossible to achieve under
clinical conditions.!*!!

To the best of our knowledge, no previous FEA studies
have yet to explore the impact of implant dimensions using
a real case of the resorbed mandible and the clinically bone
augmented version, by assessing implant dimensions in the
pre and post bone augmented mandible model.

The scope of this study was to analyze the influence of
clinically feasible implant diameter and length on the
stress transmitted to the peri-implant bone in the case of a
resorbed and bone augmented mandible through FEA.

Subjects and Methods

Two 3D models representing a segment of the human
mandible were derived from two separate in vivo
cone-beam computed tomography (CBCT) scans belonging
to the same patient, performed pre and post bone
augmentation. The mandible presented with mandibular
atrophy corresponding to a bone field class II (bone
height >10 mm, bone crest width 2.5-5 mm) according to
the Misch and Judy classification.??! Vertical and horizontal
bone graft augmentation was performed, aiming to restore
bone dimensions. Measurements of bone-implant site pre
and postaugmentation are presented in Figure 1.

Models were constructed and processed in Autodesk
Fusion360 (Autodesk, Inc., San Rafael, CA, USA). Both
mandible sections consisted of two macro-structures, a 2
mm thick cortical bone and an internal cancellous bone,
as shown in Figure 2. Classic tapered threaded implants
were modeled. Implant diameter (D) and length (L) were
set as input variables. D ranged from 3.3 mm to 6.0 mm,
and L ranged from 5.0 mm to 13.0 mm. A conic 10 mm
length abutment was used in all simulated cases to allow

8,29 mm

13,54 mm

Figure 1: (a) Image depicts a cone-beam computed tomography scan image
made before the bone augmentation and revealed the initial measurements
of the mandibular bone. (b) The image depicts a second cone-beam
computed tomography scan image made after the bone augmentation which
revealed the obtained measurements of mandibular bone

for adequate comparison, eliminating a possible effect of
the abutment length.*

Simulations were carried out in Simulation Mechanical
version 2017 (Autodesk, Inc., San Rafael, CA, USA).
A static type analysis with linear, elastic, and homogeneous
material properties was chosen for all simulation cases.

For the implant and abutment, the isotropic mechanical
properties of Ti-6Al-4V were assigned. The cortical and
the cancellous bone were assumed to be isotropic. Material
properties assigned for each analysis element are listed in
Table 1.

Boundary conditions were applied to end surfaces of the
mandibular model, fixed in all directions. The contact type
between bone and implant was defined to be perfectly
bonded. From a clinical perspective, perfectly bonded
contact between bone and implant would translate in perfect
osseointegration between the two. Studies have shown that
introducing a friction coefficient between the implant and
surrounding bone as an expression of various degrees of
osseointegration may artificially decrease stress in the
peri-implant bone.?¥ Masticatory type loads were applied
on the abutment surface based on the previous work of
Himmlova et al.: 114.6 N in the axial direction, 17.1 N in
the lingual direction, and 23.4 N in the distomesial direction
as illustrated in Figure 3.

Results

In the resorbed mandible, values of stress in the cortical
and cancellous bone were highest when using the 3.3D/5L
implant. The 3.7D/8L implant led to the lowest stress
values in the bone tissue, in the resorbed mandible. In the
bone augmented ridge, at cortical bone level, the highest
value of stress was recorded when using the 3.7D/13L
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Table 1: Material properties

Material Young’s Poisson
modulus (GPa) coefficient
Cortical bonel!7-2627! 13.7 0.30
Cancellous bonel!7¥! 1 0.30
Implant/abutment - Ti6 A4V 110 0.35

implant and lowest when using the 5D/11.5L. In the
cancellous bone, the 5D/11.5L implant led to a decrease in
stress as opposed to the 3.7D/11.5L implant which led to an
increase in stress. In the bone augmented mandible model,
differences in stress values were small between implants of
diameter 5 and 6. Stress values obtained in the simulations
in both resorbed and bone augmented mandible are shown
in Figure 4.

For all simulated cases, stress was concentrated at the crestal
bone level, around the neck of the implant. Peak von Mises
stress values were situated opposite side of the applied
distomesial masticatory loads, as illustrated in Figure 5.
A more prominent stress concentration at the crestal bone
level in the resorbed mandible was obtained when using the
3.7D/5L implant. In the bone augmented mandible, a similar
area was observed when using the 4D/13L implant.

Discussion

In this study, analyzing the resorbed and the bone
augmented mandible models using various implant
dimensions allowed to evaluate bone dimensions relative
to stress values. Unlike many prior studies mentioned in
the literature, our research has paid specific attention to
using a CBCT derived mandible model of a pre and post
bone augmentation clinical case, allowing for an adequate
analysis of the influence of various implant dimensions on
the stress values and distribution in the mandibular bone.
Thus, an assessment was made with smaller implants in the
resorbed mandible model and with larger implants in the
bone augmented model. The overall results indicate that
larger implants, both in diameter and in length, placed in a
bone augmented mandible are more favourable in terms of
stress values. However, while implants with diameter up to
4 mm led to overall similar stress values in the augmented
ridge in comparison to some of the smaller implants in the
resorbed ridge, stress only decreased considerably when
using larger diameter implants of 5 mm and 6 mm.

In the resorbed mandible model, the increase of the implant
diameter showed a consistent decrease of stress in both the
cortical and cancellous bone. One notable peak of stress,
in both of the bone tissues, was obtained when using the
3.7D/SL implant, where even though there was an increase
in implant diameter, the insufficient length led to greater
stress values. In the bone augmented mandible, results
outlined a similar pattern. Although this in accordance
with several studies that suggest that an increase in implant
diameter decreases stress in surrounding cortical and

Figure 2: Modeled 3D FE of the resorbed mandibular section (a) and bone
augmented mandibular section (b)
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Figure 3: 3D model of the mandibular bone section with loads applied
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Figure 4: von Mises stress in resorbed and bone augmented mandible bone
when using various implant dimensions

cancellous bone, our results showed that this is only valid
for certain implant dimensions.[*3*3!! This may be due to
the dependence of the stress values and the distribution
on the model geometry, thus the importance of using real
clinical models in such FEA.P? Lee et al. reported in their
study that implants of diameter 6 mm showed the most
noticeable reduction in stress values.!®!
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Figure 5: Stress distribution at crestal bone level in the resorbed and bone
augmented mandible models when using various implant dimensions

However, in our study, both 5D and 6D implants could
be favourable choices since they resulted in similar stress
values. The diameter of implants must be analyzed in
conjunction with length because, as our results show,
length can help decrease stress in the mandibular bone as
in the case of the smaller and larger implants but may lead
to peak stresses in some of the diameters used. The length
variable showed that its increase led to smaller stress
values in the resorbed mandible in both bone tissues while
keeping the diameter as a constant. However, in the bone
augmented mandible, the length of the implants did lead to
some variation of stress values for implants of diameter up
to 4 mm and very little variation for implants of diameters
5 and 6 mm. In our study, we hypothetically went to limit
of the available bone height, thus including implants of
length 13 mm. However, for clinical applications, a well-
known safety distance of 2 mm from the inferior alveolar
canal needs to be taken into account when choosing the
implant length. Some studies have reported that length
may be a less influencing parameter than the diameter
of the implant.?33 Conversely, Li et al. reported in
their study that length was effective in reducing stress in
cancellous bone.™ Also, in regard to length, Guan et al.
concluded in their study that a larger implant offers a larger
surface area for the load to be applied, thus resulting in

less stress distributed to the surrounding bone tissue.B”
Thus, it is important to note that the diameter and length
of the implant correlated with bone dimensions need to
be optimized to ensure appropriate stress values. Besides
geometry characteristics, bone field quality also needs to
be taken into consideration.’*37 Treatment planning must
be thorough and must cater to the specific needs of the
patient. For example, without any pro-implant surgical
interventions, in implant-supported restorations in fully
edentulous patients, the probability of placing sufficient
implants is 58.62%.5% Implants are made of materials that
have a higher elastic modulus compared to bone tissue
allowing for better load take on. Bone augmentation alone
ensures a larger geometry at implant site which allows
the bone to be able to better withstand physiological
mastication forces but larger implant results in more
volume of material with greater mechanical properties to
take over the load. The mechanical characteristics of the
available bone tissue such as elastic modulus, density, and
behaviour under masticatory loads are important, but the
size must also be considered.

The distribution of stress was similar in the resorbed and
bone augmented ridge. Stress was concentrated at the
crestal region, around the neck of the implants. These
results are consistent with several studies, showing that this
type of stress concentration is not necessarily dependent
on the implant dimensions but rather on the mechanical
properties of the cortical and cancellous bone and the type
of loading applied.’>71524

In interpreting the results, we must take into account
several limitations. We considered the bone to be
isotropic, and the bone-implant interface to be completely
osseointegrated. In reality, the bone is anisotropic and there
are various degrees of osseointegration at the bone-implant
interface.®” The obtained results of stress values in the
bone tissue may be underestimated when lower degrees
of osseointegration in certain areas of the implant-bone
interface and are associated with higher stress values and
changes in stress patterns.’” In bone augmented mandible
case, from a clinical perspective, different types of bone
augmentation techniques may lead to better results in the
obtained bone geometry and improved osseointegration.
For example, the piezosurgery splitting technique allows
for simultaneous implant insertion without creating
dehiscence and fenestrations.*”! In FEA, these parameters
are hard to replicate or to convey in mathematical
variables. Implants with different types of the design were
not compared. This parameter can greatly influence the
connection between the implant and peri-implant bone
tissue and the homogeneous or nonhomogeneous mode
in which the forces developed at this level are dispersed.
U214411 Thys, a favorable design can provide the long-term
protection of implant-prosthetic restoration. In interpreting
the results, we must take into account that while vertical
forces are associated with uniform stress distribution along
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the implant-bone interface, oblique forces cause shear
forces and bending moments on the implant, with the stress
concentration on the implant neck and bone contact area.”
The amplitude of masticatory type loading forces in the
current literature is characterized by a large variability and
is dependent on the patient, type of food consumed, and
position of the implant in the oral cavity, values reported
ranging from 100 N to 2400 N.24 Therefore, if the
magnitude of the forces that act on the implant is not well
defined, optimization of stress values through the selection
of the implant dimensions in a resorbed or bone augmented
mandible, becomes a major important factor. Furthermore,
the mode of application of loads varies, from the axial and
horizontal application of loads to loads applied at an angle
ranging 15°-30°.12) Applied loads must describe as best as
possible physiological masticatory loads for reliable results.
However, in a linear elastic type study with isotropic
material properties, increasing the load would only lead to
a linear increase of the resulted stress. Hence even though
a load value is important to define, in this type of analysis,
you would only expect a direct proportionality.®!

Conclusions

Within the limitations of this study, it was concluded that
bone augmentation provides the optimal framework for
clinicians to use larger implants, which, in turn, reduces
stress in the peri-implant region. Our results showed that
in the bone augmented ridge, maximum stress values in
the peri-implant region drastically decreased only when
using 5D and 6D implants. Implants up to 4D led to stress
values, which were similar with some of the ones obtained
in the resorbed ridge, when using the larger implants.
With the increase in implant diameter, the stress decreased
in both cortical and cancellous bone in the resorbed and
bone augmented mandible. Length of implants also played
an important role in decreasing stress in bone tissue in
the case of the resorbed mandible, whereas in the bone
augmented model, it led to small variations only in
implants up to 4 mm in diameter. Taking into consideration
bone geometry, implant length, and diameter, there must be
an optimal balance between these parameters, as shown by
the results of our study. FEA used in determining the ideal
stress formula at the implant-bone interface can be a useful
tool when modeling real clinical situations. Further finite
element studies using patient-specific data are needed and
should be validated with long-term clinical studies.

Financial support and sponsorship
Nil.
Conflicts of interest

There are no conflicts of interest.

References

1. Diz P, Scully C, Sanz M. Dental implants in the medically
compromised patient. J Dent 2013;41:195-206.

10.

11.

14.

15.

16.

17.

18.

20.

21.

. Tonetti

Rittel D, Shemtov-Yona K, Korabi R. Engineering dental
implants. Curr Oral Health Rep 2017;4:239-47.

Baqgain ZH, Moqbel WY, Sawair FA. Early dental implant
failure: Risk factors. Br J Oral Maxillofac Surg 2012;50:239-43.
Amine M, Guelzim Y, Benfaida S, Bennani A, Andoh A.
Short implants (5-8mm) vs. long implants in augmented
bone and their impact on peri-implant bone in maxilla and/or
mandible: Systematic review. J Stomatol Oral Maxillofac Surg
2019;120:133-42.

Vidya Bhat S, Premkumar P, Kamalakanth Shenoy K. Stress
distribution around single short dental implants: A finite element
study. J Indian Prosthodont Soc 2014;14:161-7.

Lee JH, Frias V, Lee KW, Wright RF. Effect of implant size and
shape on implant success rates: A literature review. J Prosthet
Dent 2005;94:377-81.

Demenko V, Linetskiy I, Nesvit K, Hubalkova H, Nesvit V,
Shevchenko A. Importance of diameter-to-length ratio in
selecting dental implants: A methodological finite element study.
Comput Methods Biomech Biomed Engin 2014;17:443-9.

Li T, Hu K, Cheng L, Ding Y, Ding Y, Shao J, et al. Optimum
selection of the dental implant diameter and length in the
posterior mandible with poor bone quality — A 3D finite element
analysis. Appl Math Model 2011;35:446-56.

Carter DR, Van Der Meulen MC, Beaupré GS. Mechanical
factors in bone growth and development. Bone 1996;18:5S-10S.
Watzek G. Endosseous Implants: Scientific and Clinical Aspects.
Chicago, IL: Quintessence; 1996. p. 291-17.

Brunski JB. Biomechanics of dental implants. In: Block MS,
Kent JN, Guerra LR, editors. Implants in Dentistry: Essentials
of Endosseous Implants for Maxillofacial Reconstruction.
Philadelphia: W.B. Saunders; 1997. p. 63-71.

Roos-Jansaker AM, Lindahl C, Renvert H, Renvert S. Nine- to
fourteen-year follow-up of implant treatment. Part I: Implant
loss and associations to various factors. J Clin Periodontol
2006;33:283-9.

. Baggi L, Cappelloni I, Di Girolamo M, Maceri F, Vairo G. The

influence of implant diameter and length on stress distribution
of osseointegrated implants related to crestal bone geometry:
A three-dimensional finite element analysis. J Prosthet Dent
2008;100:422-31.

Shemtov-Yona K, Rittel D. Fatigue of dental implants: Facts and
fallacies. Dent J (Basel) 2016;4:16.

Dundar S, Topkaya T, Solmaz MY, Yaman F, Atalay Y,
Saybak S, et al. Finite element analysis of the stress distributions
in peri-implant bone in modified and standard-threaded dental
implants. Biotechnol Biotechnol Equip 2016;30:127-33.
Lekholm U, Zarb G. Patient selection and preparation. In:
Branemark PI, Zarb G, Albrektsson T, editors. Tissue-Integrated
Prostheses. Chicago: Quintessence: 1985. p. 199-11.

Bozkaya D, Muftu S, Muftu A. Evaluation of load transfer
characteristics of five different implants in compact bone at
different load levels by finite elements analysis. J Prosthet Dent
2004;92:523-30.

Goiato MC, dos Santos DM, Santiago JF Jr, Moreno A,
Pellizzer EP. Longevity of dental implants in type IV bone:
A systematic review. Int J Oral Maxillofac Surg 2014;43:1108-16.
MS, Schmid J. Pathogenesis of implant failures.
Periodontol 2000 1994;4:127-38.

Berglundh T, Persson L, Klinge B. A systematic review of the
incidence of biological and technical complications in implant
dentistry reported in prospective longitudinal studies of at least
5 years. J Clin Periodontol 2002;29 Suppl 3:197-212.

Huempfner-Hierl H, Schaller A, Hemprich A, Hierl T.

Contemporary Clinical Dentistry | Volume 11 | Issue 4 | October-December 2020 340



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

341

Forna, et al.: Influence of implant dimensions in the resorbed and bone augmented mandible: A finite element study

Biomechanical investigation of naso-orbitoethmoid trauma by
finite element analysis. Br J Oral Maxillofac Surg 2014;52:850-3.
Misch CE, Judy KW. Classification of partially edentulous arches
for implant dentistry. Int J Oral Implantol 1987;4:7-13.

de Moraes SL, Verri FR, Santiago JF Jr., Almeida DA, de
Mello CC, Pellizzer EP. A 3-D finite element study of the
influence of crown-implant ratio on stress distribution. Braz Dent
J2013;24:635-41.

Korabi R, Shemtov-Yona K, Dorogoy A, Rittel D. The failure
envelope concept applied to the bone-dental implant system. Sci
Rep 2017;7:2051.

Himmlova L, Dostalova T, Kacovsky A, Konvickova S. Influence
of implant length and diameter on stress distribution: A finite
element analysis. J Prosthet Dent 2004;91:20-5.

Van Oosterwyck H, Duyck J, Vander Sloten J, Van der Perre G,
De Cooman M, Lievens S, et al. The influence of bone
mechanical properties and implant fixation upon bone loading
around oral implants. Clin Oral Implants Res 1998;9:407-18.
Menicucci G, Mossolov A, Mozzati M, Lorenzetti M, Preti G.
Tooth-implant connection: some biomechanical aspects based on
finite element analysis. Clin Oral Implants Res 2002;13:334-41.
Papavasiliou G, Tripodakis AP, Kamposiora P,
Strub JR, Bayne SC. Finite element analysis of ceramic
abutment-restoration combinations for osseointegrated implants.
Int J Prosthodont 1996;9:254-60.

Sevimay M, Usumez A, Eskitascioglu G. The influence
of wvarious occlusal materials on stresses transferred to
implantsupported prostheses and supporting bone: a three-
dimensional finite-element study. J Biomed Mater Res B Appl
Biomater 2005;73:140-7.

Ueda N, Takayama Y, Yokoyama A. Minimization of dental
implant diameter and length according to bone quality
determined by finite element analysis and optimized calculation.
J Prosthodont Res 2017;61:324-32.

Arsalanloo Z, Telchi R, Osgouie KG. Optimum selection of the
dental implants according to length and diameter parameters
by FE method in the anterior position. Int J Biosci Biochem
Bioinforma 2014;4:265-9.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Kunte VR, Bhoosreddy AR, Bhoosreddy SA, Pandharbale AA,
Rajaram Shinde M, Sukhdeo Ahire B. Alveolar bone dimensions
of mandibular posterior teeth using cone beam computed
tomography: A pilot study. J Contemp Dent 2016;6:9-14.

Ding X, Liao SH, Zhu XH, Zhang XH, Zhang L. Effect of
diameter and length on stress distribution of the alveolar crest
around immediate loading implants. Clin Implant Dent Relat Res
2009;11:279-87.

Iplikgioglu H, Ak¢a K. Comparative evaluation of the effect of
diameter, length and number of implants supporting three-unit
fixed partial prostheses on stress distribution in the bone. J Dent
2002;30:41-6.

Guan H, van Staden R, Loo YC, Johnson N, Ivanovski S,
Meredith N. Influence of bone and dental implant parameters on
stress distribution in the mandible: A finite element study. Int J
Oral Maxillofac Implants 2009;24:866-76.

Meghea DM, Preoteasa CT, Preoteasa E. Attachment systems for
implant overdentures. Literature review. Romanian J Oral Rehab
2014;6:51-6.

Kamel E, Matei MN. Practical issues involved in subtotal
edentation rehabilitation. Romanian J Oral Rehab 2016;8:80-9.
Gumeniuc A. Outcome implant treatment in complete edentulism:
A retrospective 5-year follow-up study. Romanian J Oral Rehab
2013;5:99-103.

Chun HJ, Cheong SY, Han JH, Heo SJ, Chung JP, Rhyu IC,
et al. Evaluation of design parameters of osseointegrated
dental implants using finite element analysis. J Oral Rehab
2002;29:565-74.

Nicolae V. Optimizing preimplantary offer trough piezosurgery
techniques. Romanian J Oral Rehab 2015;7:84-9.

Alexandru A, Cimpoesu R, Melian A, Salceanu M. Study on the
behavior of dental alloy CoCtWNbMoV in artificial saliva. Rev
Chim 2019;70:165-8.

Zhang G, Yuan H, Chen X, Wang W, Chen J, Liang J, et al.
A three-dimensional finite element study on the biomechanical
simulation of wvarious structured dental implants and their
surrounding bone tissues. Int J Dent 2016;2016:4867402.

Contemporary Clinical Dentistry | Volume 11 | Issue 4 | October-December 2020



