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ABSTRACT

Sufficient anchorage of dental implants, defined as
mechanical engagement between implant and bone at the time of
insertion, has been recommended for positive clinical outcomes,
particularly in immediate loading protocols. Accurate measuring
and analysis of stress and strain in the bone are imperative to
understand anchorage from the biomechanics perspective.
However, the stress and strain distributions at the bone-implant
interface are impossible to measure in vivo. Therefore, the aim
of this study was to develop and validate an explicit continuum
finite element analysis (FEA) to investigate the stress and strain
in a bone surrogate during the insertion of a dental implant: with
cutting flute (CF) and without (NCF). Ten dental implants (five
with CF and five with NCF) were inserted into ten rigid
polyurethane (PU) foam blocks with a prepared pilot hole.
During the insertion, a stereo digital image correlation (DIC)
system was used to record in-plane deformation on the PU foam
surface at a frequency of 1.0 Hz; and, surface von Mises
strain,&;, pjc, was calculated (VIC-3D, Correlated Solutions Inc).
In parallel, the insertion was simulated using FEA with explicit
solver (Abaqus Explicit version 2017, Simulia). The PU foam
was defined as an elastic-plastic material with a progressive
crushable foam failure behaviour. The surface von Mises strain
predicted from FEA, &, pps, was compared against &, pjc.
Uncertainty of DIC displacement measurement was 0.6 um; and
the static noise floor for the strain measurement was
500 microstrain (ue). Coefficient of determination for &, pj¢
and &, pp4 along a horizontal line for the CF and NCF implants
were 0.80 and 0.78, respectively, which suggested the overall
FEA performance was good. FEA results indicated that the
cutting flute reduced the maximum shear stress in the PU foam
and axial force which facilitated the insertion with less effort.
This study demonstrated the successful combination of
mechanical testing and FEA to better understand the mechanics
of dental implant insertion.
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NOMENCLATURE

£y DIC von Mises strain measured by digital image correlation

£y FEA von Mises strain predicted by finite element analysis

& DIC In-plane strain in x-direction measured by digital image
correlation

&y pic In-plane strain in y-direction measured by digital image
correlation

u Displacement in x direction, mm
Displacement in y direction, mm

& Von Mises strain

& Maximum principal strain

& Minimum principal strain

E Apparent elastic modulus, MPa

£ Engineering strain

EL Elastic moduli of loading path, MPa

EY Elastic moduli of unloading path, MPa

gP! Equivalent plastic strain

é Strain rate

n Stress triaxiality

D Overall damage variable

Ey Initial apparent elastic modulus, MPa

&p Average plastic strain

£y max Maximum von Mises strain over the entire region of

interest at the final insertion depth (11.5 mm)

1. INTRODUCTION

Dental implants are considered a favourable treatment
option for the rehabilitation of missing teeth, anchoring into the
surrounding bone and supporting dental prostheses [1]. From the
biomechanics perspective, they are designed to promote good
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bone-implant mechanical engagement. This fixation at the time
of insertion is defined as anchorage. Sufficient anchorage of the
implants is one of the requirements for osseointegration, “a
direct structural and functional connection between ordered,
living bone, and the surface of a load carrying implant”, which
has been recommended for positive long-term clinical outcomes,
especially for immediate loading of implants [2]. Therefore, it is
important to analyse and measure the stress and strain
distributions in the bone during implant insertion to
comprehensively understand the bone-implant mechanical
engagement.

In the dental biomechanics research, various transducers
have been used to measure deformation and strain such as strain
gauges, linear variable differential transformers (LVDT) and
deflectometers [3,4]. These conventional methods are sensitive
to the environment and difficult to implement. They require
transducer contact with the sample, which is difficult in small
implants and makes it impossible to provide full-field strain
measurement [4].

To overcome the limitations of conventional techniques,
digital image correlation (DIC) deformation measurement has
been introduced in this field recently [5]. The DIC is capable of
providing a full field deformation and strain measurement
without contact by comparing grayscale images before and after
deformation [6]. This method is simple and easy to implement
regardless of the specimen type and size and without disturbing
the specimen. Therefore, it has been attractive for dental research
[7]. Initially, it was applied to measure the mechanical properties
of dental implant material [7], and polymerization shrinkage
behaviour of dental resin composites [8]. Tiossi et al. conducted
a series of studies with stereo-DIC to investigate the bone
surrogate surface strain distribution surrounding implant-
supported prostheses with different splinting designs and crown
material [9,10]. Later, they used validated Finite Element
Analysis (FEA) to predict strain induced from the implant-
support prostheses. The FEA was validated by comparing the
predicted bone surrogate surface strain with DIC measurements
[11]. Clelland et al. measured strain distribution on the bone
surrogate surface, generated by applying 400 N load in the
vertical and oblique directions on cement-retained implant
crowns using stereo-DIC [12]. Many studies have shown that
stereo-DIC is successful to investigate the strain transfer
behaviour of different implant abutment designs [13,14].
However, little research has been conducted to measure with
DIC the strain on the bone surrogate surface during the insertion
of dental implants.

Computational models such as FEA are a powerful tool to
predict stress and strain, especially in locations where it is
impossible to measure directly [15]. However, the credibility of
the FEA must be established to validate the accuracy of the
model predictions for its intended use. The model credibility is
generated with verification and validation (V&V) processes
[16]. More specifically, verification determines if the model is
implemented correctly while the validation assesses the error and
uncertainty in the model predictions according to American
Society of Mechanical Engineers Committee [17]. To assess

accuracy, data from well-defined validation experiments are
directly compared to the FEA results. However, validation
experiments are difficult to conduct; therefore, sometimes
published validation data or analytical models are used for
validation. A recently published review argued that FEA with
sufficient validation is still rare in dental biomechanics. Only 47
papers met the validation criteria out of 522 published articles
from 1997 to 2016 [15]. In addition, nine of the 47 were
compared against data in literature and two of them were
compared against FEA results from analyses performed in other
FEA software applications. The ideal validation process should
be conducted in a hierarchical fashion: unit problem; benchmark
against a known solution; the subsystem; and, finally the
complete system [17,18].

FEA of dental implant insertion is challenging due to the
complex, large deformation bone-implant contact, and non-
linear material properties including damage accumulation. Van
Staden et al. and Guan et al. generated FE models to predict
stress distribution in jawbone during insertion. Both FEAs
applied an insertion torque on the implant to predict jawbone
deformation with nonlinear material models [19,20]. However, a
limitation of these FEAs was that they did not include bone
damage, which is known to greatly impact the ability of the bone
to carry load [21]. Dorogoy et al. improved FEA with a damage
criterion and element deletion; however, the FEA results were
not compared with experimental data [22]. The latest study
published by Ovesy et al. performed a micro-FEA (u-FEA) to
predict the insertion torque (IT) of a dental implant into bovine
tibias with experimental IT data for validation. However, they
stated that the pu-FEA was more time consuming compared to
Dorogoy et al.’s work [21]. There is lack of continuum FEA
studies on dental implant insertion with validation against
experiments or analytical models [23].

The aim of this study was to develop and validate an explicit
continuum FEA to investigate the strain on the bone surrogate
surface during the insertion of a dental implant with and without
a cutting flute. The insertion process was physically conducted
and simulated in parallel; and, the bone surrogate surface strain
was measured using stereo-DIC for FEA validation.

2. MATERIALS AND METHODS

2.1 Dental Implant Insertion Testing with Digital Image
Correlation

The commercially available implant (NobelActive® NP 3.5
x 13 mm, Nobel Biocare AB, Goteborg, Sweden), 3.5 mm in
diameter, total length of 12.5mm and a body thread length of
11.5 mm, was modified for this study: with cutting flute (CF) and
without CF (NCF), to investigate effect of the cutting flute in the
apex shown in Fig.1. The implants were inserted into rigid
polyurethane (PU) foam blocks (0.32 g/cm?, 20 PCF, SKU 1522-
03, Sawbones®, Pacific Research Laboratories Inc, WA, USA)
with a final insertion depth of 11.5 mm, leaving the collar of the
implant above the bone level by 1 mm. All PU foam (40 X 40
X 8 mm) and stepped pilot holes (2.4/2.8 mm in diameter and
12.5 mm in depth; Article No.32261, Nobel Biocare AB,
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Goteborg, Sweden) were prepared using a mill machine. The
insertion tests with five repeats (five implants each with CF and
NCF) were conducted under constant angular and axial velocity
control (7.5 rpm and 0.3 mm/s, respectively) using an
Electroforce 3230-AT Series III (TA instruments, ElectroForce
Systems Group, Eden Prairie, Minnesota, USA) at room
temperature in dry conditions, shown in Fig.1.

@ Dental Implant with Cutting Flute © Insertion Test with DIC Setup

Pilot Hole Bone Level

Left Camera Right Camera Speckle Pattern

Figure 1: (a) @ 2.4/2.8 mm stepped pilot hole and insertion depth.
(b) Top: Insertion testing with stereo-DIC setup. Bottom: an example of
the image and the speckle pattern.

Stereo DIC was used to measure deformation on the surface
of the PU foam during the test. The front surface of the foam was
painted using an ink stamp with a random black speckle pattern
which was generated using a commercial speckle pattern
generator software with 50 % density and 50% variation
(Correlation Solutions Inc, Irmo, South Carolina), shown in
Fig.1b. Images were captured at a frequency of 1 Hz using two
CCD cameras with a resolution of 2448x 2048 (Grasshopper
GRAS-50S5M, Teledyne FLIR LLC, Oregon, USA), and 35 mm
focal length lenses (Point Grey Research, Richmond, BC,
Canada). The system was calibrated using a standard calibration
plate provided by Correlation Solutions and five images were

captured before the insertion test to measure the static noise floor.

Images with the best image quality from the ten tests were
selected for the DIC strain analysis. Regions of interest (ROI)
(y = 25~39 mm; and, x = 2~38 mm, shown in Fig.1) were
selected to analyze strains. Displacement field was calculated
using image correlation software (VIC-3D, Correlated Solutions
Inc, Irmo, South Carolina). In-plane Lagrange strain in the x-
direction, &y pjc, y-direction, &, p;c, and von Mises strain,
&, pic, were calculated from the resultant displacements:

2 2
au, (2"4(2)

Ex.pic = ¢ 2 (1.1)
du\2  rdvy?
w | (&) +(&)
&y pic =g, + - (12)
2
€y _pic = 3V 512 —&& + 522 (1.3)

where, u and v are displacements in the x and y
directions in mm, respectively. & and &, are the maximum
principal and minimum principal strains, respectively.

2.2 Finite Element Analysis

The insertion process was simulated using a commercial
FEA package: Abaqus Explicit version 2017 (Simulia, RI, USA).
The insertion FE models were three-dimensional (3D); and, the
analyses were dynamic, continuous and explicit. Details of
model geometry and mesh, material properties, and boundary
conditions are described as follows.

2.2.1 FEA Geometry and Mesh

Geometry of the FEA model was generated according to the
experimental setup; and, the implant geometry was provided by
the implant manufacturer. The implant and fixture were
modelled as rigid bodies using 4-node 3D bilinear rigid
quadrilateral elements (R3D4): 26,757 nodes for the CF implant,
8,936 for the NCF implant, and 200 for the bottom fixture. The
PU foam block (40 x 40 x 8 mm) with a pilot hole (2.4/2.8
mm in diameter and 13 mm in length) was modelled using linear
hexahedral elements with incompatible modes (C3DS8I) and
757,800 nodes. Based on a mesh sensitivity study [24], to
optimize solution accuracy and computational time, the mesh
was refined near the osteotomy with 0.1 mm local edge length
while the global edge length was 0.5 mm for the bone surrogate,
shown in the Fig.2.

(a)

& Reference Point

=0.3mm/s

Uy

Dental Implant

Bone Surrogate

Fixture
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Figure 2: Details of FE model. (a) FEA geometry and boundary
condition; (b) Mesh quality of bone surrogate, and coordinate. The von
Mises strain (&, ) location along y = 38 mm (horizontal line) or x =
20 mm (vertical line) were compared between the DIC measurements
and FEA prediction. (c) Mesh quality of implants and fixture.

2.2.2 FEA Material Properties

The implant mass and rotational inertia were defined at the
implant reference point (RP) located at the centre of mass while
the RP for the fixture was located at the bottom in the center. The
PU foam was modelled as a progressive crushable foam [25,26].
A series of quasi-static uniaxial compression tests with
unloading-reloading cycles at 10, 20, 40, and 50% engineering
strains, &, were performed to measure the apparent elastic

modulus, E, in MPa. The compression tests were conducted
with a constant displacement rate of 0.08 mm/s and five repeats;
and, the specimen size was 20 X 20 X 20 mm using Bionix
tabletop test system Model 370.02 (MTS Systems Corporation,
MN, USA). The apparent elastic modulus, E, at each loading
cycles was calculated using the average value of loading and
unloading slopes [27]:
EL(e)+EY ()

E(e) = 2 @

where EL and EV were the elastic moduli of the loading
and unloading paths in MPa, respectively.

The initial apparent elastic modulus, E,, and yield strength
were 123 MPa and 8.06 MPa, respectively. Table.1 lists the ratio
of measured apparent elastic modulus to initial apparent modulus,
E/E,, at each engineering strain level. Linear elastic and
multilinear plastic material models were used to approximately
represent the PU foam. Damage evolution initiated at the onset
of the plasticity plateau due to local buckling and micro damage
[25,26]. A ductile damage model was used, considering the
equivalent plastic strain, P!, at the onset of damage as a
function of stress triaxiality and strain rate, &, [28]:

ePl(n, €) 3)

where 7 is the stress triaxiality. The damage was modelled
as a degradation of the elasticity. The damage evolution was
defined based on effective plastic displacement using an overall
damage variable, D, [28]:

E=(1-D)E, @)

when D reached 1, the material failed, and elements were
deleted. The locked-up strain (the onset of the densification) was
0.3 which was estimated from the uniaxial compressive test. To
confirm the PU foam material model could represent the foam
mechanical behaviour under loading-unloading uniaxial
compression, a numerical compression test was carried out in

Abaqus, shown in Fig.3.
N
FEA

@ Compression Test
— " 104 o

-10,——FEA

-—n

Stress (MPa)
E/EO

0.0 -0.1 -0.2 -0.3 -0.4 0.0 -0.1 -0.2 -0.3

Engineering Strain, & Plastic Strain, g,

Figure 3: The FEA elastic-plastic material model (black) in
comparison to the compression test (blue) of the PU foam. (a) Stress-
engineering strain curves for the loading-unloading uniaxial
compression test. (b) E/E, at four plastic strain levels.
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Table 1 Average plastic strain, &,, ratio of the apparent elastic

modulus to the initial elastic modulus, E/E,, and the overall damage
variable, D at each engineering strain level.

Engincering 10% 20%  30%  40%  50%
Strain
S tP lastic 0  0.0020 0050 0.1 016 022
rain, &,
E/E, 1.0 1.0 073 046 026 0.19
D 0 0 027 054 074 081

2.2.3 FEA Boundary Conditions

The fixture RP was fixed in all six degrees of freedom while
the implant was only allowed to rotate around and move in the
y-direction (axial) with constant angular velocity of 7.5 rpm and
axial velocity of 0.3 mm/s, shown in Fig.2a.

General contact algorithm of Abaqus [28] was used with
element-based surfaces between the PU foam and implant and
applied to new exposed element-surfaces after element deletion.
A penalty formulation was adopted for friction tangential
behaviour between the foam and implant with a constant
coefficient 0of 0.61 [22,29]. Rough formulation (no slip) was used
between the foam and the fixture.

2.3 FEA Validation Procedure

Comparison between DIC measurements and FE predictions
was focused on in-plane Lagrange von Mises strain, &, because
the &, is an invariant of strain tensor independent of the
coordinate system. The FEA in-plane Lagrange von Mises strain,
€, rea»> Was calculated using the same equation 1.3 as DIC
measurements. Distribution of in-plane Lagrange von Mises
strain measured on the front surface of the PU foam with DIC,
&, pic, was compared to the FEA results, &, pp4, at insertion
depths of 3,5.4,7.8,10.2, 11.5 mm. The ¢, location along y =
38 mm (horizontal line) or x = 20 mm (vertical line) were
compared between the DIC measurements and FEA prediction
at the five insertion depths (white dashed lines in Fig.2b). In
addition, a linear regression between the DIC measurements and
FEA predictions was carried out for the &, along the horizontal
line (y = 38mm) at the final insertion depth to evaluate the overall
FEA performance using IBM SPSS Statistics 25 (IBM
Corporation, Armonk, New York, USA).

3. RESULTS AND DISCUSSION

The in-plane Lagrange von Mises strain, &, on the PU foam
surface was compared between the DIC measurement and FEA
prediction to validate the strain analysis for this study.
Uncertainty of DIC measurement in both X and Y displacements
was 0.6 um; and the static noise floor for the strain measurement
was 500 microstrain (pe). Distribution of &, on the PU foam
surface was comparable between DIC measurements and FEA
prediction at the five insertion depths (Fig.4 and 5). For the
maximum in-plane Lagrange von Mises strain, &, 45, Over the
entire ROI at the final insertion depth (11.5mm), the FEA

prediction for the CF and NCF implants was 2.7% lower and 8.3 %

higher than the DIC, respectively. The coefficient of
determination (R?) for &, between DIC and FEA along the
horizontal line for the CF and NCF implants were 0.80 and 0.78
(slopes of 0.86 and 0.78), respectively (Fig.5). The insertion
torques, IT, predicted by FEA were substantially lower than the
measurements in the mechanical test (Fig.6a). The deformed
shapes near the osteotomy predicted by FEA were similar to the
mechanical test (Fig.6b).

Insertion Depth

Implant with Cutting Flute Implant without Cutting Flute

=
11.5 mm | ‘

I
10.2 mm J "
7.8 mm

5.4 mm J
3 mm J g

Figure 4: Distributions of von Mises strain, &,, were comparable
between DIC measurements and FEA predictions at the insertion depths
of3,5.4,7.8,10.2, 11.5 mm.
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Figure 5: The von Mises strain, &,, calculated from FEA were lower
than DIC measurements along the horizontal and vertical lines. The ¢,
along the horizontal (right) and vertical (left) lines for the implant with
cutting flute (a) and without cutting flute (b) at different insertion
depths, respectively.

Implant with Cutting Flute

(b)

J 5 , Implant
|
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Insertion Depth (mm) Insertion Depth (mm) -

Figure 6: A lower axial force (<20N for the implant with cutting flute
(CF)) suggested that thread forming dominated during the insertion
instead of extrusion at higher loads (a) The insertion torques predicted
by FEA were substantially lower than the measurements of the
mechanical test. The IT for the CF implant black solid line; implant
without cutting flute (NCF) black dash-dot line; the CF implant
predicted by FEA blue square dots and the NCF implant predicted by
FEA red dots. The axial force predicted by FEA for the CF implant (blue
solid line) and NCF implant (red dash-dot line). (b) Shape of deformed
osteotomy predicted by FEA was comparable to the experimental test.
Top: an isometric view of the undeformed deleted elements (left), a
section view of the deformed osteotomy predicted by FEA (middle) and
observed in mechanical test (right) for the CF implant; Bottom: for the
NCF implant.

z

The area with surface &, p;c above 5000 pe was wider for the
NCF implant than CF implant at the final insertion depth (Fig.4).
A similar result was observed from the FEA prediction (Fig.7).
The IT and insertion axial force for the NCF implant were higher
than the CF implant while the damage volume (volume of the
element with D > 0) in the bone for the NCF implant (27.5 mm?)
was 17 % higher than the CF implant under the evaluated
conditions. Likewise, the volume with maximum shear stress
larger than 1 MPa for the CF implant was smaller than the NCF
implant (Fig.8).
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The combination of experimental measurements and
computer simulations provides a reliable and comprehensive
method to study the mechanics of dental implant insertion. The
purpose of this study was to: 1. compare the difference between
DIC strain measurements with FEA predictions; and, 2. to
investigate the effect of a cutting flute during dental implant
insertion.

The DIC technique offers the advantage of a precise full-
field strain measurement; however, several factors affect
measurement accuracy [30]. The DIC data uncertainty is highly
dependent on the system setup such as lighting, quality of the
speckle pattern, and camera lens distortion [7,31]. Appropriate
calibration and validation processes of the DIC system are
required to obtain accurate measurements. However, there is no
standard calibration or validation process for DIC [7]. Studies

have shown that with a good setup the uncertainty of DIC system
could be reduced to 5 um (5%) for the order of 100 um
displacements [32,33]. Moreover, others used FEA and other
optical techniques such as photoelasticity to validate DIC
measurements [34-36]. In this study, the uncertainty in
displacement measurements was 6 um (2.5%) which suggested
the DIC setup was appropriate. Agreement between the FEA
predictions and the DIC further supported the reliability of the
DIC measurements.

The €, ppy on the bone surrogate surface was comparable
to DIC measurements and in accordance with the literature
[21,22]. Utility of FEA in biomechanics has been the subject of
criticism due to inadequate verification and validation [16]. In
this study, at the material level, the PU foam mechanical
behaviour was measured with uniaxial compression tests and
predicted using FEA, with good agreement (Fig.3). At the
complete system level, since the strain is the parameter of
interest, this study validated the FEA directly by comparing ¢,
on the PU foam surface to experimental DIC measurements. The
regression analysis of the FEA versus DIC demonstrated a strong
correlation indicating good model agreement overall (R?>=0.80
and 0.78 for the CN and NCF implants, respectively).

The IT predicted by the FEA was lower than the measured
IT, similar to findings in other studies [21,22]. In Dorogoy’s
FEA study, the maximum IT was around 200 Nmm with a
material yield strength of 10 MPa and the vertical force was
under 20 N [22]. In their FEA, Ovesy et al. predicted a maximum
IT around 150 Nmm in low density bovine trabecular bone for
the same implant analysed as the current study [21]. The current
FEA underestimated the IT with similar explanations for the low
prediction to the Ovesy’s discussion: in the numerical model,
elements were deleted when strain exceeded the failure criterion;
however, the PU foam chips remained in the osteotomy during
the insertion test which continued to contribute the IT. The
element deletion also caused a “numerical’ vibration in the IT
(Fig.6), which was also observed in both Dorogoy’s and Ovesy’s
FEA studies [21,22].

Another interesting observation was non-zero axial reaction
forces. Dorogoy’s FEA defined a series of constant axial forces
on the implant to initiate the insertion procedure. Due to the IT
and axial force, both thread and extrusion forming phenomena
existed during the insertion. When the axial force was less than
20 N, the insertion was dominated by thread forming rather than
extrusion as demonstrated by the easily distinguished threads in
the osteotomy [22]. In the current FEA study, a constant axial
speed was defined, and the FEA predicted an axial force less than
20 N for the CF implant during the insertion; and, threads in the
osteotomy were easily distinguished after the insertion (Fig.6).
Together, the results suggested the thread forming phenomenon
dominated the insertion process for the CF implant; and, similar
mechanics for the NCF implant.

Previous work by the authors [23,37] found, and the DIC
and FEA results of the current study confirmed, the cutting flute
facilitated insertion. The lower IT for the CF implant was
observed compared to the NCF implant both in the FEA and the
mechanical test. An analytical model proposed by Yang et al.
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offers an explanation for the mechanics of the cutting flute which
decreased the force and increased the pressure [23]. The same
observation was found in the current computational study: the
maximum shear stress in the PU foam and axial force were lower
for the CF implant in comparison to NCF implant (Fig.8). During
the insertion, the applied torque forms threads in the PU foam
[37]. The cutting flute facilitated the insertion, which resulted in
less effort (lower IT and axial force) to form the thread. In
addition, the IT not only forms the thread but also generates
deformation in the PU foam (Fig.7) and is therefore associated
with increased maximum shear stress (Fig.8).

There are several limitations in this study. Firstly, the
implant insertion was performed on PU foam under lab
conditions instead of human bone in clinical environments.
However, preclinical experimental data is vital in support of the
design of subsequent cadaveric, in vivo animal and clinical trials
[38]. In particular, preclinical experiments allow researchers to
perform uni- and multivariate experiments [39] and the PU foam
used as a bone surrogate has been approved as a standard
material for preclinical testing of orthopedic devices by the
American Society for Testing and Materials (ASTM F1839-08).
Secondly, the IT was underestimated in the FEA, which may be
due to inaccurate modelling of densification in the material
modelling. If accurate IT is required for the intended of use,
further studies are required to improve the FEA performance for
IT prediction. In addition, further sensitivity studies on FEA
model parameters are required to improve model credibility
including verification, uncertainty quantification, and risks
relating to context of use. However, the overall FEA
performance on the surface &, had a good agreement with the
experimental DIC results (R?>=0.80 and 0.78 for the CN and NCF
implants, respectively). In addition, the FEA results indicated the
cutting flute reduced the maximum shear stress in the PU foam
and axial force, which facilitated the insertion with less effort.
FEA of the insertion process demonstrated non-negligible stress
and strain in the bone surrogate contributing to the biomechanics
of the dental implant.

4. CONCLUSION

This study demonstrated the successful combination of
mechanical testing and FEA to better understand the mechanics
of dental implant insertion.
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