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Measurement of Elastic Modulus
and Vickers Hardness of
Surround Bone Implant Using
Dynamic Microindentation
- Parameters Definition

Priscilla Barbosa Ferreira Soares’, Sarah Arantes Nunes?, Sinésio Domingues
Franco®, Raphael Rezende Pires3, Darceny Zanetta-Barbosa?, Carlos José
Soares*

The clinical performance of dental implantsis strongly defined by biomechanical principles.
The aim of this study was to quantify the Vicker's hardness (VHN) and elastic modulus
(E) surround bone to dental implant in different regions, and to discuss the parameters
of dynamic microindantion test. Ten cylindrical implants with morse taper interface
(Titamax CM, Neodent; 3.5 mm diameter and 7 mm a height) were inserted in rabbit
tibia. The mechanical properties were analyzed using microhardness dynamic indenter
with 200 mN load and 15 s penetration time. Seven continuous indentations were made
distancing 0.08 mm between each other perpendicularly to the implant-bone interface
towards the external surface, at the limit of low (Lp) and high implant profile (Hp). Data
were analyzed by Student's t-test ( «=0.05) to compare the E and VHN values obtained
on both regions. Mean and standard deviation of E (GPa) were: Lp. 16.6 + 1.7, Hp. 17.0
+ 2.5 and VHN (N/mm?): Lp. 12.6 + 40.8, Hp. 120.1 + 43.7. No statistical difference was
found between bone mechanical properties of high and low profile of the surround bone
to implant, demonstrating that the bone characterization homogeneously is pertinent.
Dynamic microindantion method proved to be highly useful in the characterization of
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the individual peri-implant bone tissue.

Introduction

The primary function of the stomatognathic system is
preparation and processing of food through a biomechanical
process of biting and chewing (1,2). This mechanism is based
on the transfer of masticatory forces, mediated through
the implant or intact and restored teeth. The integration
between implant and bone depends on the tissue quality,
and the inductive bone growing potential of the implant
surface (2,3). The interactivity between the implant and
surrounding bone is a typical repair process affected by the
intensity and direction of the load applied over implant
(4). The interface between bone and implant should be
biologically integrated creating a unique body that is
able to absorb the stress-strain generated by masticatory
force (5). Titanium alloys have been extensively used as
biomaterials in dental implantology due to their good
mechanical performance and biocompatibility. Surface
implant modifications using physical and chemical
treatments have been used to increase the bone interaction
to implants. (3,6).

Bone is a structure composites of an organic matrix
(organized network of type | collagen fibrils) filled with a
mineral component (apatite crystals bound to the collagen

dynamic microindentation.

fibrils) (7,8). Trabecular bone has a porous structure and
is located in medullary cavities (9,10). The effect of the
implant parameters, bone quality and characteristic
modulated by different aspects like aging, irradiation,
tobaccoism, coffee consumption and alcohol consume,
have been evaluated using several laboratory techniques
(4,10-12). From a macro-biomechanical perspective, the
anchorage of implants has been assessed using tensile
tests (13), torque (14), pull-out (2) and push-in tests (2).
Regarding micromechanical integration, the mechanical
properties of surround bone to titanium implants have been
evaluated using microindentation (4,15). Microindentation
is a dynamic method that allows the determination of
both the elastic modulus and the hardness of bone in the
bone-implantinterface, taking into account the anisotropic
condition of the tissue structure (4,10,15,16).

The use of animal models has been useful to compare
the treatment and to better explain the bone alteration-
integration process (2). The advantage of the rabbit
model is that it is a small animal and can accept dental
implants in long bones, as the tibia and the femur (2,14).
The reproducibility of animal model used is an important
factor on the extrapolation of the results obtained for
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human health. Hansma et al. (17) related that have no
instrument that can clinically measure the properties
of bone in vivo. Additionally, the possibility to obtain
the specific mechanical properties for each animal after
euthanasia using microindentation may contribute for
generation of the specific computational analysis of the
influence the bone quality on the stress distribution using
finite element models (18,19).

Limited description in the literature, to the best of
our knowledge, of the parameters used to calculate the
microindentation for animal samples has been described.
(4,10,15-17,20) Therefore, using dynamic microindentation
this study aimed: 1) to calculate the mechanical properties
(elastic modulus and Vicker hardness) of the surround bone
todental implantimmediately after insertion into the rabbit
tibia; 2) to verify the influence of the implant-bone region
on the bone mechanical properties.

Material and Methods

The research project was approved by the Ethics
Committee of the Federal University of Uberlandia (Protocol
#093/12). Five rabbit tibias were used. The residual soft
tissue was removed and the tibias were stored in phosphate-
buffered saline solution and frozen at -18 °C for 24 h
before testing. For the dental implant insertion the tibias
were removed from the frozen and stored on the bench
for 2 h into the phosphate-buffered saline solution (21).

Sample Preparation

Two implants (3.5-mm diameter, 7.0-mm long dental
implants; Titamax CM; Neodent, Curitiba, PR, Brazil) were
inserted in the tibia diaphysis, with a distance of 10 mm
from each other. The implants were inserted following
the manufacturer's recommendation. The holes for the
installation will be performed with 20:1 handpiece (Gearbox
NSK E16R, Nakanishi, Shimohinata, Japan), mounted on
electric motor (DrillerSmart, MIS Implant Technologies,
Shlomi, Israel), with 800 rpm under copious irrigation
with 0.9% saline solution. The tibia with two implants was
sectioned using a water-cooled double-faced high-speed

diamond disc longitudinally, reaching the center of the
each implant and 5 mm from the other external limit of
the implant, creating 2 samples for each tibia. The tibia
was longitudinally sectioned reaching implant (Fig. 1A)
using a precision saw (Isomet 1000, Buehler, Lake Bluff, IL,
USA). The block consisted of the bone-implant sample was
embedded using polyester resin (Instrumental Instrumentos
de Medicéo Ltda, Sio Paulo, SP, Brazil). To perform the
embedment process, the sample was positioned with the
cutting implant surface downward over a glass plate and
fixed using adhesive (Single Bond 2; 3M-Espe, St. Paul, MN,
USA). The adhesive system was applied in a thin layer and
the sample was stabilized using digital pressure followed
by light activation for 20 s (Demetron; Kerr, Orange, CA,
USA). A metallic tube (Metalon; Metalon Pooled Industries,
Nova Iguacu, RJ, Brazil) with 50 mm in length 30 mm in
width and 10 mm in high was positioned around the sample
and was fixed with wax. Three samples were embedded
per block (Fig. 1B).

An important aspect that influenced on the
methodology reproducibility was the position of the
cutting performed on the implant-bone sample. During
pilot study initially the cutting performed using precision
saw was done into the center of the implant. During the
finishing and polishing of the sample, several implants
detached to the bone compromising the sample. Then,
the position was modified by moving no more than 1.0
mm laterally to the center of the implant and the sample
used to finish and polish was the side where is located the
bigger amount of the implant. Therefore, when the finish
and polish was finalized, the amount of the implant was
sufficient to maintain the implant the correct position. After
curing of the polyester resin, the surfaces were finished
using 600-, 800-, 1200- and 2000-grit silicon-carbide
papers (Norton, Campinas, SP, Brazil) and polished with
metallographic diamond pastes (6, 3, 1, /4 um; Arotec, Séo
Paulo, SP, Brazil). The metallic tube-implant was washed in
an ultrasound bath (Cristofoli, Campo Mourdo, PR, Brazil)
with absolute alcohol for 3 times of 7 minutes each one
to remove the debris.

Figure 1. A. Cutting process of bone-implant preparation; B. Samples into the metallic tube fixed with wax.
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Dynamic Indentation Test

Elastic modulus (E) and Vickers Hardness (VHN) of the
bone was assessed by using a microhardness dynamic
indenter (CSM Micro-Hardness Tester; CSM Instruments,
Peseux, Switzerland). Seven continuous indentations
were made distancing 0.08 mm between each other
perpendicularly to the implant-bone interface towards the
external surface, considering the low and high profiles. The
test load was increased and decreased at a constant speed
between 0 and 200 mN. The force increased from O to 200
mN in 60 s intervals, which was applied constantly for 15
s. Then the force was gradually removed from 200 mN to
0 mN in 60 s intervals. The load and the penetration depth
of the indenter were continuously measured during the
load-unload-hysteresis (22). The hardness is defined as the
test force divided by the apparent area of the indentation at
maximal force. From a multiplicity of measurements stored
in a database supplied by the manufacturer, a conversion
factor between hardness and VHN was calculated and
implemented into the software, so that the measurements
were expressed in Vickers hardness units:

_P
VAN = 2

where: Pis the maximum load, A is the deep-sensing
instrument.

The indentation modulus was calculated from the slope
of the tangent of the indentation depth-curve at maximal
force (Fig. 2) and is comparable with the elastic modulus of
the material (F) expressed and using this formula:

1-v?2
1T 1-v?

E E

r 1

E-

where: Eiis the elastic modulus of the diamond indenter
(1141 GPa), vi is the Poisson's ratio of the diamond indenter
(0.07), Eris the reduced modulus of the indentation contact,
and vs is the Poisson's ratio of the bone (0.3) (20). The
typical course of measurement curve is shown in Figure 2.

Table 1. Mean and standard deviation of Elastic modulus (GPa) and
Vickers Hardness (N/mm2) of low and high profile of surrounding bone
to dental implant

Measurement location bone/

Mechanical properties implant interface

Low profile High profile
Elastic modulus (GPa) 16.6 + 1.7° 17.0 + 2.52
Vickers hardness (N/mm?) 125.6 + 40.8* 120.1 + 43.77A

Letters represent statistical category within each mechanical property
as a function of location around the steps of implant thread, defined
by t-Student test (P<0,05) for each mechanical property.
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Statistical Analysis

The E and VH data were tested for normal distribution
(Shapiro-Wilk, p>0.05) and equality of variances (Levene's
test, p>0.05), followed by parametric statistical tests.
The pared t-Student test was performed the comparison
between the data recorded in each bone region (low and
high profiles). All tests employed a 0.05 level of statistical
significance and all statistical analyses were carried out
with the statistical package Sigma Plot version 13.1 (Systat
Software, Inc., San Jose, CA 95110 USA).

Results

The E values in GPa for the bone structure in low and
high profiles of implant interface are shown in Table 1. The
t-Student test showed no difference between E recorded
at low and high profile regions (P = 0.663). The E values
recorded at different distance of the implantinterface were
plotted in Fig 3. The E values at all distances maintained
stable irrespective of bone region.

The Vickers hardness in VHN for the bone structure in
low and high profiles of implant interface are shown in
Table 1. The Student's t-test showed no difference between
E recorded at low and high profile regions (p = 0.777). The
VHN values recorded at different distance of the implant
interface are plotted in Figure 4. The VHN values at all
distance maintained stable irrespective of bone region.

Discussion

In order understand the mechanical properties and the
mechanisms involved in bone fragility, it is important to
study the mechanical properties of its different components,
and the relationships between them at the various levels of
the structural organization (7,10). The dynamic indentation
method described in this study showed very effective to

force
S(h

max]

displacement

h{max)

Figure 2. Force-displacement curve of a microindentation test: loading
(1), holding (2), unloading (3) of an indenter tip. The third part leads
to elastic recovery of the material and its initial slope is used to derive
the elastic indentation modulus. The hysteresis represents the dissipated
energy.
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determine both important mechanical properties (E and
VHN). The low variability of the data acquisition and the easy
reproducibility of this methodology confirmed the validity
of this method to study the bonef/implant interaction.

The ratio between stress and strain that is resulted
into the body in order to the force applied externally
characterizes the elastic modulus of the structure. The
modulus of elasticity of a material represents its stiffness
and for most materials remains constant over a range of
stress. The ratio of the longitudinal strain to the longitudinal
stress in the linear part of the curve called Elastic modulus
(15,17,20). The bone integrity around the implant may
be inferred by the constant elastic modulus measured by
indentation method in different regions.

The elastic modulus of bone and hardness represents
and is greatly influenced by the proportion of the
anisotropic type | collagen fiber and the hydroxyapatite
crystal composite (7,8). According to Rho et al. (7) and
Leng et al. (8), the differences in elastic modulus have
been speculated to be in close relation to the turnover
of the bone, ie, the maturity of the individual osteons,
moreover, the distribution of their types. In general, it
has been suggested that in the bone, the elastic modulus
correlates with hardness (4,9,10).

The elastic modulus reduction of the surround bone to
implant has been correlated to the poor bone integration
of the dental implant (2,15). In the present study was
analyzed the E and VHN on low and high profiles of the
surround bone aiming to test the immediate negative
effect caused by specific drills used during hole implant
preparation. The last drill used during whole preparation
has 2.8 mm in diameter and the implant has 3.5 mm in
diameter. Thus, the stress caused by implant insertion may
cause damage on the area due to the high profile of the
bone (2,15). However, no significant difference was found
between low and high profile regions, and then it can be
speculate that no damage was caused by this procedure.
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Figure 3. Elastic modulus bone values for all distances measured at low
and high implant profiles.
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Indentation techniques have been widely used to study
bone tissue micromechanical properties (4,9,10,15,16,20).
However, interpreting microhardness values is complicated
because this parameter is related to both elastic and plastic
deformations (4,9,10,15,20). Hansma et al. (17) developed
an innovative technique to measure directly, on small
indented areas, both elastic modulus (E) and contact
hardness (Hc). Contact hardness corresponds to the ratio
between indentation load and the contact area of the
indentation print. Elastic modulus was calculated from
the slope of the tangent of the indentation depth-curve at
maximal force and is comparable with the elastic modulus
of the material (E), which this method the calculation
take into account more realistic the viscoelasticity of the
bone tissue.

The second purpose of thisstudy was to better establish
the parameters of this methodology for testing the E and
VHN for rabbit tibia used to test dental implant model.
This experimental method involved the frozen bone stored
for 24h, however the frozen storage bone containing
implants at -20° C has no effects on the biomechanical
properties of Bone/ Implant interface (23). During pilot
study were performed different methods to embed the
bone-implantsample into polystyrene resin. The use of the
metallic tube to embed the sample is mandatory to resultin
better flattening of samples during finishing and polishing
procedures (18). When the samples were embedded only
into polystyrene resin, during the finishing procedure the
surface is not flat because no stronger material can limit
the finishing process. During the indentation test, firstly
is performed a reference indentation to determine the
distance of the surface to the indenter (2,18). When the
surfaceisnotreal flat the equipmentis not able to perform
the second indentation and the test consumed much more
time and the data recorded resulting in high variability.

Elastic modulus and Vickers hardness of the rabbit
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Figure 4. Vickers hardness bone values for all distances measured at
low and high implant profiles.



bone is very similar to human bone and the cost of the
experiment is much lower than for dog experiments.
Posterior maxilla is very important region for implant
strategy for oral rehabilitation, the possibility to find
an animal model with bone characteristic similar is very
important for research field. Seong et al. (1) calculate
the elastic modulus of posterior human maxilla bone and
found results that range from 13.1 to 16.4, results very
similar that were found in the current study. Additionally,
the turnover of the rabbit is 3 times lower than human,
than other advantage is the lower time consuming for
complex experiments (24). It was confirmed that rabbit
tibia isa useful model to test the different aspectsinvolved
with dental implant protocols (2,14,24). Additionally, the
tibia rabbit bone is a suitable model to test dental implant
integration in different experimental designs and the
dynamic indentation model is a very accurate method to
test E and VHN, however the methodological parameters
used is this study like to use the metallic recipient for
sample embedment and the position of the section of
the sample is important to determine the reproducibility
of this methodology.

In conclusion, there is no difference between bone
mechanical properties, Eand VHN, of high and low profiles
of the surround bone to implant. Dynamic microindantion
method proved to be highly useful in the characterization
of the individual periimplant bone tissue, demonstrating
that the computational analysis is pertinent.

Resumo

0 desempenho clinico de implantes dentais é fortemente definido por
principios biomecanicos. Este trabalho objetivou quantificar a Dureza
Vickers (VHN) e modulo de elasticidade (E) do osso periimplantar e
discutir pardmetros metodologicos de ensaio dindmico de indentagéo.
Foram utilizados 10 implantes de corpo cilindrico com interface cone
morse, (Titamax CM; Neodent, Curitiba, PR, Brasil), diametro de 3.5
mm e altura de 7 mm inseridos em tibia de coelho recém obtidas apds
abate dos animais. As propriedades mecanicas foram analisadas usando
penetrador dindmico de microdureza Vickers (CSM Micro-Hardness Tester;
CSM Instruments, Peseux, Switzerland) com carga de 200 mN e tempo
de penetracdo de 15s. Foram feitas 7 indentacdes no osso cortical na
base da rosca (Br) e na ponta da rosca (Pr) na direcdo perpendicular ao
implante, com distancia entre elas de 0,08 mm perpendicular a interface
o0sso implante em direcdo a superficie esterna. Os dados foram analisados
por meio de teste t-Student (P<0,05). O valores médios e desvio padrio
de E (GPa) foram: Br. 16,6 + 1,7A; Pr. 17,0 + 2,5A e VHN (N/mm?2): Br.
125,6 + 40,8A; Pr. 120,1 + 43,7A. Nao houve diferenca significativa entre
as propriedades mecanicas avaliadas no 0sso na base e na ponta da rosca
do implante, demonstrando que a caracterizacdo desta estrutura de
forma homogénea em andlises computacionais é pertinente. 0 método
de indentacdo dindmica mostrou ser altamente Util na caracterizacao
individualizada do tecido dsseo periimplantar.
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