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Abstract

Background: Implant thread profile plays a vitalerin magnitude and distribution of contact stresaethe implant-
-bone interface. The main goal of this study wasualuate the biomechanical effects of four distthcead profiles of
a dental implant in the mandibular premolar region.

Methods: The dental implant represented the bioatilnle Zirconia material and the bone block was etled as

transversely isotropic and elastic material. Thteesensional finite element simulations were conddcfor four

distinct thread profiles of a dental implant at 50P6%, and 100% osseointegration. An axial statéalof 500 N was
applied on the abutment surface to estimate tless#s acting within the bones surrounding the inipla

Results: Regions of stress concentration were sagstly along the mesiodistal direction comparedhat in the

buccolingual direction. The cortical bone closehe cervical region of the implant and the cortibahe next to the
first thread of the implant experienced peak stoEsgentration. Increasing the degree of osseaiieg resulted in
increased von-Mises stresses on the implant-cortieasition region, the implant-cancellous traiositregion, the

cortical bone, and the cancellous bone.

Conclusion: The results show that the applicatibdistinct thread profiles at different degreesoe$eointegration had
significant effect on the stresses distributiontoars in the surrounding bony structure. Compaatigfour thread

profiles, a dental implant with V-thread profiledimced lower values of von-Mises stresses and stiezgses on the
implant-cortical transition region, implant-cancei$ transition region, cortical bone, and cancslloone.

Key words. dental implant; finite element method; osseoirdégn; stress analysis; thread profile.

Introduction required to define the implant thread profile [The thread
profile chosen for the dental implant should faatk the
dissipation of contact stresses at the transitigion (implant-
cortical & implant-cancellous) by maximizing the itial
contact and stability [4]. The clinical success afdental
implant depends on the stability of the dental smplwithin
the surrounding bone [5,6]. Existing numerical bémmanical
studies of the dental implant have considered thbilgy of
the dental implant as perfectly osseointegrated a.6.00%
perfect contact exists between the implant andsthieounding
bone [3,4,7-10]. However, clinical studies have vero that
there are some regions where the contact betweeimgblant
and the bone does not occur and therefore, a perfec
osseointegration is not possible [8]. Hence, tlmrigichanical
efficacy of the dental implant at various degrees o
osseointegration has to be investigated.

Previous numerical studies have modelled the aartind
the cancellous bones to behave as an isotropif][Hbwever,
the mechanical properties change with the direcéilmmg the
bone and therefore, the bone should be modelldstiave as
an anisotropic. Few studies which have modelledbibree to

Dental prostheses are retained and supported byssedus
implants for restoring fully or partially edentukipatients.
Osseointegrated dental implant, similar to thahatural intact
teeth, is subjected to static and dynamic loads. firesence of
periodontal ligament tissue between the cementudh the
alveolar bone in natural intact teeth acts as ahionsg
element [1], while the applied occlusal forces aemsmitted
directly to the surrounding bone in patients trdateith a
dental implant [2]. Therefore, the magnitude argtritiution of
contact stresses induced on jaw bone will probbbldifferent
for a dental implant compared to the natural inteesth.
Contact stresses of a higher order of magnitudeced on the
jaw bone can potentially lead to stress fractuithiwithe bone,
fractured implant, abutment screw loosening, arbtat bone
resorption [3,4]. Therefore, it is crucial to compend the
stress concentration on dental implants that ikiémiced by
choice of material, shape, and size.

The implant thread profile plays a vital role imhancing the
biomechanical effectiveness of dental implants [2&rious
design parameters including, depth, pitch, and ehape
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behave as an anisotropic have only estimated timeMises
stresses [11,12], however, estimation of individisitess
components is required to study the behaviour cfrasotropic
material. In this study, the bones were modelletbebave as
an anisotropic material so that a more preciseyaisatould be
performed.  Zirconia-based ceramics  possess
characteristics as a dental biomaterial and cuyretite
material of choice in restorative dentistry [11]. very few
biomechanical studies have investigated the inflaeof the
Zirconia implant on the stresses and strains aatiitgin the
surrounding bones [11,12]. Finite element (FE) $ations are
considered a valuable tool to numerically model studly the
biomechanical effectiveness of medical implants-163 The
stresses and strains acting within the surrounomnes of the
dental implant could be estimated using FE simuoieti and
therefore, it is a valuable tool in offering physigical insights
and assessing crucial design parameters of thaldemlants.

Therefore, the primary objectives of this studyreveo (1)
compare the contact stresses (von-Mises stresdesar s
stresses, and compressive stresses) and theiibdligins on
the bones surrounding the dental implant by varyirggshape
of the dental implant and (2) study the influendevarious
degrees of osseointegration on the contact streast@isg
within the bones surrounding the dental implaningis three-
dimensional FE model of the dental
surrounding bones.

Materials and methods

Geometry and finite element model

The FE simulations were performed in this studyetaluate
the sensitivity of contact stresses in the mandibpkemolar
region to the shape of Zirconia dental implant. TBB
geometries of the jawbone and implants of distitioead
profiles were modelled using a computer aided desapl.
Four commercially available thread profiles werasidered in
the present study including buttress thread, revdnsttress
thread, V-thread, and square thread [17]. The abotnvas
considered to be an integrated part of the dentglant
[16,18,19].
consideration as the stresses and strains inducedhe
implant-bone is of major importance and that induoa the
implant itself is not important. The detailed gedrypeof the
dental implant is shown inFigurel. To reduce the
computational cost, a portion in the mandibular npokar
region was modelled for this study. The chosen riarar
premolar region had the cortical bone of thickn@ssim
surrounded by a dense cancellous bone [20]. Thdairp
cortical transition region and the implant-canacedidransition
region was modelled based on the guidelines prapdse
Kurniawanet al [21]. The transition region, including implant-
cortical transition region and implant-cancellousinsition
region, was modelled as a separate part and waB.5etm
from the inner diameter of the dental implant asvah in

implant and the

The outcomes were not affected by this
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meshed in HyperMesh (Altair Engineering, Troy, NUSA),
using first order four-node tetrahedral elementdl RE
simulations were simulations were performed on esqel
computer (AMD A10, 3 GHz processor, 8 GB RAM) using
ANSYS Mechanical APDL 17.0 (ANSYS, Inc., Canonshurg

great PA, USA).

Material properties

The bone was assumed to behave as an anisotragsiodeethe
mechanical properties change with the directionngldhe
bone. However, in this study, the bone was modeddaehave
as transversely isotropic as Young's modulus oficalr bone
and cancellous bone in two directions (buccolingliegction
and inferosuperior direction for cortical bone; belingual
direction and mesiodistal direction for cancelldasne) are
almost the same [21-23]. Generally, 21 elastic ertigs are
required to model the anisotropic material, whethm case of
transversely isotropic material, only five elagtioperties are
required to model and these five properties camcdieulated
using the law of elasticity.

4 mm

!
480 mm 2.40 mm

|
0.30 mm
3.50 mm

12mm

4.10 mm

Figure 1. Schematic representation of design parameters used for
modeling the dental implant and the abutment.

Implant-cortical
transition region

Implant-cancellous
transition region

Cancellous bone

Cortical bone

Figure 2. Cross-sectional view of the dental implant, the implant-
cortical transition region, the implant-cancellous transition

Figure2. The geometries of the bone and the implant were region, thecortical bone, and the cancellous bone.
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Table 1. Mechanical properties of cortical and cancellous bone at different degrees of osseointegration.

) Cortical bone Cancellous bone
M echanical property
50% 75% 100% 50% 75% 100%

, E, 9700 14500 19400 574 861 1148
Young's modulus (£) E, 6300 9450 12600 574 861 1148
E, 6300 9450 12600 105 1575 210
Viy 0.253 0.253 0.253 0.32 0.32 0.32
Poisson ratiov) Vi 0.253 0.253 0.253 0.01 0.01 0.01
Yoz 0.3 0.3 0.3 0.05 0.05 0.05
Gy 2850 4275 5700 217 3255 434

Shear mgg”'”s ©) G 2850 4275 5700 34 51 68

G 2425 3637.5 4850 34 51 68

The mechanical properties of the cortical bone ahd
cancellous bone used in this study were taken fitbin
experimentally measured values published by O’'Mgteiral
[21] and listed inTable 1. Various degree of osseointegration
(50%, 75%, and 100%) was considered in this stlidymodel
the partial osseointegration condition, a fractminthe bulk
bone property was applied to the implant-cortigainsition
region and implant-cancellous transition regionsaswn in
Tablel [8]. The Zirconia dental implant including the
abutment was assumed to have an elastic modulRmGPa
and a Poisson ratio of 0.31 [24].

Boundary and loading conditions

The experimental data to model the implant-boneamirand
to model other FE constraints is limited, therefitreemains a
challenge to accurately determine the boundary itiond of
the implant-bone interface [18,25]. The boundanyditions on
the buccal inferior surface and the lingual infesarface were
completely constrained [4]. There is no direct eshtbetween
the implant and the bulk bone, therefore, theradsperfect
osseointegration [8]. The contact between the intpdand the
transition region, the transition region and thendyoand the
cortical-cancellous bone was tied using CEINTF ca@mdhin
ANSYS Mechanical APDL 17.0 by connecting the seddct
nodes of the one structure to the selected elemethe
another structure [26,27]. The occlusal load, is #tudy, was
assumed as a compressive stress [4,8] and applidtedop of
the abutment surface. In intact conditions, the nmeslues of
peak vertical bite forces were 469 N, 583 N, an@ M2in the
canine region, second premolar region, and seconthrm
region, respectively [27]. In the case of a demgblant, the
peak vertical bite force was around 500 N in thendifaular
molar region [28]. Therefore, in this study, an ahxstatic
occlusal load of 500 N was applied on the top e&f ithplant
surface as a 0.07 GPa compressive stress [29,3Hasn in
Figure3.
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Axial static load

Constraints

Figure3. Representation of the boundary and the loading
conditions on the three-dimensional finite element model of the
dental implant and the surrounding bones.

Results

Regions of stress concentration were seen mostiggathe
mesiodistal direction compared to that in the blingoal
direction as shown ifigure 4. Only slight significant change
in stress distribution was observed throughout tuwny
structures for all four thread profiles at differettegrees of
osseointegration. The cortical bone close to theica region
of the implant and the cortical bone next to thetfthread of
the implant, for all four thread profiles at diféett degrees of
osseointegration, experienced peak stress contientras
shown in Figure4. The peak von-Mises induced on the
implant-cortical transition region and cortical leowas several
orders of magnitude higher than that induced onintygant-
-cancellous transition region and cancellous boespectively.
(Table 2). For all four distinct thread profiles, increagithe
degree of osseointegration resulted in increasemuMises
stresses on the implant-cortical transition regi@mplant-
cancellous transition region, cortical bone, andhceflous
bone. Comparing all four thread profiles, a demtgllant with
V-thread profile induced lower von-Mises stressas the
transition region and bulk bone.
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Table 2. Peak von-Mises stresses induced on the implant-cortical transition region, implant-cancellous transition region, cortical bone, and
cancellous bone when the dental implant was subjected to an axial static occlusal load of 500 N.

Thread Osseointegration (%) Stressin transition region (M Pa) Stressin bulk bone (M Pa)
profiletype Implant-cortical Implant-cancellous Cortical bone Cancellous bone

50 126.72 7.96 50.04 5.50
Buttress 75 132.11 10.78 51.14 5.52
100 136 11.51 51.11 5.63
50 113.97 11.12 49.77 5.36
Eﬁt‘{g:: 75 120.72 12.49 50.90 5.42
100 130.29 13.19 51.02 5.47
50 108.17 7.85 40.76 4.10
V-thread 75 116.57 9.76 44.32 4.15
100 124.94 9.91 46.79 4.36
50 120.72 8.80 53.63 4.79
Square 75 125.17 9.54 53.21 4.95
100 129.82 10.01 52.10 5.09

Table 3. Shear stresses induced on the implant-cortical transition region when the dental implant was subjected to an axial static occlusal

load of 500 N.
Thread Osseointegration S« (MPa) Sy(MPa) Sz(MPa) Sy (MPa) S« (MPa) S,:(MPa)
profiletype (%) Max  Min Max Min Max  Min Max  Min Max  Min M ax Min
50 73.99 -89.6 100.91 -128.08 66.31 -55.10 46.35 -31.02 25.80 -33.83 63.60 -43.84
Buttress 75 78.06 -96.5 109.01 -143.90 66.12 -62.84 48.67 -33.66 26.58 -34.37 63.31 -49.18
100 80.48 -102.1 114.49 -155.563 65.30 -68.83 50.60 -36.02 28.17 -34.47 62.18 -53.31
50 72.98 -90.38 80.15 -133.07 50.51 -61.56 34.31 -42.28 25.39 -26.35 43.60 -44.07
Eﬁt‘fg:: 75 7543 9659 88.83 -148.73 5398 -69.28 3835 -44.37 2627 -28.10 4878 -49.73
100 77.00 -101.1 94.63 -159.98 56.03 -74.93 41.49 -45.18 27.12 -27.86 52.87 -54.18
50 67.10 -93.12 111.46 -127.86 58.98 -74.07 42.27 -32.70 29.26 -31.34 52.73 -43.22
V-thread 75 69.10 -99.08 116.44 -142.72 66.45 -70.23 46.19 -36.05 32.1 -34.44 52.88 -48.67
100 70.35 -103.5 118.48 -153.54 7199 -66.75 48.81 -38.57 34,42 -36.84 52.26 -52.89
50 69.51 -87.94 88.19 -12452 53.75 -67.80 37.61 -31.51 29.74  -44.48 41.42 -41.49
Square 75 73.12 -94.45 96.09 -140.16 60.18 -68.33 40.69 -33.65 33.74 -4439 46.31 -47.06
100 75.16 -99.28 100.78 -151.43 65.10 -68.13 4258 -35.13 36.90 -43.96 50.56 -51.36
Tabled4. Peak compressive stresses induced on the bone .
. . . . . von-Mises —
surrounding the implant when subjected to an axial static occlusal stress (MPa)
load of 500 N. 12672
Thread Osseointegration Compressive stress 57.84
profile type (%) (MPa) 26.40
50 85.96 | B
Buttress 75 97.08 |
100 105.40 | B
50 84.03 | L
buttress 75 93.73 115
100 100.56 [ 052
50 88.64 024
V-thread 75 90.62 -
100 107.10 [ 011
50 82.27 - 0.05
Square 74 96.46 - 0.02
100 99.69 e
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Figure4. Distribution

of
surrounding bone of the buttress thread implant at 50%
osseointegration with the application of axial static occlusal load
of 500 N (buccolingual cross sectional view).

von-Mises stresses within  the
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Shear stress distribution contours, like in theeaafsvon-Mises
stress distribution, had slight significant charigeall four
thread profiles at different degrees of osseoistégn as

shown inFigure5. For all four distinct thread profiles, peak

shear stresses were induced on the cortical bawe ¢b the
cervical region of the implant, the cortical borextto the first
thread of the implant, and the cortical-cancellonterface
region. Increasing the degree of osseointegratesulted in
increased peak shear stresses on the implantalatrigmsition

region {Table 3). For all four thread profiles, the cortical bone

experienced high values of shear stresses when arethfo
that in the cancellous bone as showfiigure 5.

(@
Shear stress
in xy plane(MPa)
- 46.35
:39.91
3346
27.01
I 20.56
I 14.12
:7.67
X 1.22
:—5.23
:—1 1.68
:-l 8.12
:-24.57
3102
Shear stress
in xz plane(MPa)
- 25.80
:20.83
15,86
;10.89
Fso
:0.95
L 4.02
N 8.99
- 13.96
s 18.92
i 23.89
2886
: 33.83

()
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Similar to von-Mises stress and shear stress lligian
contours, compressive shear distribution contowd &light
significant change for all four thread profiles different
degrees of osseointegration as showFRigure 6. For all four
thread profiles, peak compressive stresses wereddin the
neck region of the dental implant. Increasing tlsyrde of
osseointegration resulted in increased compresdiesses on
the implant-cortical transition region, implant-cafious
transition region, cortical bone, and cancellouseb( able 4).
The cortical bone, for all four thread profilespexienced high
values of compressive stresses when compared tdnttibe
cancellous bone.

(b)

Shear stress
inyz plane(MPa)

- 63.60
- 54.65
- 45.69

—36.74
I 27.79
X 18.83
:9.88
:0.93
:-8.03
-16.98
-21.46
-30.41

-39.37

Figure5. Distribution of shear stresses within the surrounding bone of the buttress thread implant at 50% osseointegration with the
application of axial static occlusal load of 500 N (buccolingual cross sectional view). (a) Shear stress acting in the y-direction on the plane
whose normal is x-axis (S,), (b) Shear stressacting in the z-direction on the plane whose nor mal isy-axis (Sy,), and (c) Shear stressactingin

the z-direction on the plane whose nor mal is x-axis (Sy,).
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Figure 6. Distribution of compressive stresses within the surrounding bone of the buttressthread implant with the application of axial static
occlusal load of 500 N (buccolingual cross sectional view). (a) 50% osseointegration, (b) 75% osseointegration, and (c¢) 100%

0sseointegr ation.

Discussion

Supplanting a damaged, chipped, or cracked todthavilental
prosthesis is a promising treatment procedure toly for
partially edentulous patients. A dental implant reQuired
thread profile could be reproduced using the engstilesign
and manufacturing technologies to fit well withirhet
corresponding bones. The optimal choice of theatthnerofile
type for a dental implant plays a critical role improving
contact stresses (von-Mises stresses, shear siressel
compressive stresses) experienced by the surrayihdines of
the dental implant. The crucial findings of the remt study
were: (1) the regions of stress concentration vgeen mostly
along the mesiodistal direction compared to that the
buccolingual direction, (2) the cortical bone clot® the
cervical region of the implant and the cortical barext to the
first thread of the implant
concentration, and (3) increasing the degree cfastegration
resulted in increased von-Mises stresses on thiaitportical

experienced peak stress

transition region, the implant-cancellous transiti@gion, the
cortical bone, and the cancellous bone.

Increasing the degree of osseointegration from E9%00%
resulted in 8% to 10% increase of peak von-Miseesses
induced on the implant-cortical transition regiamplant-
cancellous transition region, cortical bone, angcetlous bone
(Table 2). This increase in peak von-Mises stresses isnm |
with the reported values in the literature [30].eThesults
suggest that the implant-bone setup which is ghrtia
osseointegrated is more prone to failure. For aimlyof
different thread profiles of the dental implant dism this
study, the degree of osseointegration in the rasfgé5% to
90% can be taken into consideration [31,32].

To study the sensitivity of the contact stressggg within
the bones to the shape of the implant, the threafileptype of
the dental implant was varied and the remainincaipeters
were kept constant for all FE simulations. This pelto
compare the influence of the thread profile typehaf dental
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implant. For all four thread profiles, the von-Misetress
distribution contours within the bones surroundthg dental
implant were nearly identical. This result is imdi with the
results published by Gergg al [3]. They studied the effect of
distinct thread profiles of a dental implant andaeed that the
contact stress distribution on the cortical bons wat sensitive
to the thread profile type. The magnitude of contteesses
induced on the cortical bone was not sensitiveht thread
profile type [Tables 2-4). This result is in line with the findings
published by Mosavaat al [30] and Hansson and Werke [33].

The long-term implant survival and success in ¢heical
scenario depends on the way the stresses areamaatsfvithin
the bone surrounding the implant [9]. The desigthefimplant
thread must reduce the stresses induced on thauiitpbne
interface [34]. The compressive forces induced loa thony
structures helps to improve the bone strength breasing the
density of the bone, while the shear, as well asilfe forces,
and weaken the bony structures [34]. Increase mpcessive
forces to improve the bone strength can be achidwed
reducing the shear and tensile forces.

The dental implant with a V-thread induced the dstv
contact stresses at all distinct degrees of ostwapation on
the implant-cortical transition region, implant-catious
transition region, cortical bone, and cancellousxéboThe
buttress and the square thread showed less thadeSfdtion
when the degree of osseointegration was increasad $50%
to 75% and 100%. This result is in contrast to findings
published by Mosavaat al [30]. They reported that the dental
implant with a square thread induced lowest consticisses
induced at all distinct degrees of osseointegratiéence, the
outcomes of this study show that the material aha€ the
dental implant also plays a critical role on thees$ induced
within the bones surrounding the implant. This hesuin line
with the findings reported by Shriragt al [13] and Lih-Jyh
Fuh et al [35]. Shriramet al studied the effects of material
properties of an implant and reported that the axinstresses
induced on the articulating surface are sensitivéhé implant
material stiffness [13].

The dental implant with a reverse buttress thraad the
dental implant with a square thread induced simghear
stresses on the transition region and the bulk lzaradl three
degrees of osseointegration (Table 3). In this ystugsing
three-dimensional FE simulations, we have demotestréhat
the dental implant with a V-thread induced the lstvshear
stresses on the transition region and the bulk lzaradl three
degrees of osseointegration. Misathal reported in contrast to

Pol J Med Phys Eng 2018;24(2):55-63

our result that the dental implant with a squaredt is more
favourable than the dental implant with a V-threa the
dental implant with a reverse buttress thread [34].

There was significant difference in compressiveesstes
induced within the bones surrounding the implant &l
distinct thread profiles at different degrees cemsntegration
(Table 4). The dental implant with a V-thread induced geeat
values of compressive stress on the transitionoreghnd the
bulk bone. Higher compressive force in the implaote
interface increases the bone density and incretisedone
strength [4]. Therefore, the V-thread profile tyipeconsidered
to be a favourable shape for the dental implantenaidthe
biocompatible Zirconia material. The changes in parsasive
stress values between the dental implants with \&rse
buttress thread, buttress thread, and square thmeadnot
significant. This result is in line with the findja reported by
Eraslan and Inan [4]. The outcomes of this stuglyegent that
the dental implant with a V-thread profile indudedier values
of von-Mises stresses and shear stress, and indoicger
values of compressive stresses on the transitiginnmeand the
bulk bone at all three degrees of osseointegration.

The clinical dental implant models were numericall
simulated in this study. Transversely isotropic agldstic
material for the bone was implemented, therefdre modelled
bone behaves as a linearly elastic continuum. Titmgation
has to be considered while interpreting the reswoltsa
functioning clinical scenario, and further studies required.

Conclusion

In conclusion, we have demonstrated that a solidvsc
Zirconia dental implant of V-thread profile prevenhigher
magnitude contact stresses within the surroundomgeé when
compared to dental implants of buttress threadilpratverse
buttress thread profile, and square thread profilee contact
stresses (von-Mises stresses, shear stresses,ommpiessive
stresses) are sensitive to the thread profile, tfpthe dental
implant and the degree of osseointegration. Inangashe

degree of osseointegration resulted in increaseuMiges

stresses on the implant-cortical transition regite, implant-
cancellous transition region, the cortical bone,d athe

cancellous bone. These crucial findings will be duge

optimize the design parameters of the dental intpland
eventually accomplish long-term implant survivablauccess
in the clinical scenario.

Brunski JB. In vivo bone response to biomechdnaading at the bone/dental-implant interface. Asknt Res. 1999;13:99-119.
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