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Adhesion of Scaffolds with Implants to the
Mandibular Bone with a Defect

A finite element analysis
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In most patients with complete or partially stretched edentations requiring a dental implant, there is insufficient
alveolar bone for a proper morpho- functional prosthetic restoration. Therefore, in many cases a bone addition
is required for the implant treatment. The aim of this study is to evaluate ex-vivo, with numerical simulations,
a large mandibular bone defect that is restored by using a three-dimensional (3D) printed ceramic scaffold.
In order to obtain a proper morphological and functional prosthetic restoration, a thick mandibular bone is
utilized for the implant treatment. The polymeric scaffold is attached to the mandibular bone with one, two,
or three implants. By scanning the mandible with MicroScribe 3G and then employing a Finite Element
Analysis (FEA) with Pro/Engineer and ANSYS 15, the study performs a numerical simulation and thus assesses
the effects of the force applied to the scaffold.
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Most patients with complete or partially stretched
edentations, who require a dental implant in order to
achieve a proper morphological and functional prosthetic
restoration, have insufficient alveolar bone. Therefore, a
bone addition is required in many cases in order to complete
the implant treatment [1].

Bone graft materials are usually divided into autologous,
allogeneic, xenogenous, and synthetic. The autologous
bone is considered to be the gold standard of the bone
graft, because of its safety and efficiency [2]. On the other
hand, the auto-tooth bone graft material can be considered
as the most promising in guided bone surgery for bone
regeneration, in order to achieve a prosthetic restoration
[3-5].

Despite the high potential of bone regeneration, such a
process may be accompanied by intraosseous defects
caused by several aetiological factors, including surgical
trauma, diseases, developmental deformities, or tumour
resection. One of the goals of bone tissue therapies is to
speed up the healing process by reducing the bone
maturation period. However, additional donor surgery is
required in order to achieve this, and the risk of
complications occurs, including infection or pain. The
amount of bone collection also has a certain limit. In
addition, when allogeneic or xenogenic bone are utilized,
contamination concerns can appear, while the effect of
the osteogenesis is inferior to that of the autogenous bone
[6,7]. There may be occult infections such as hepatitis or
tuberculosis in the body of allogeneic bone, while the bovine
bone that is often used as a source of xenogenic bone can
carry the mad cow disease or other zoonoses. Synthetic
bone on the other hand has no risk of contamination with
such diseases, because it is a manufactured product, but
it is only capable of osteoconduction [8,9].

Numerous strategies have been developed and tested
to improve and accelerate bone regeneration, including
the use of bone grafts and growth factors [10]. However,
classical bone grafting techniques, when used, rarely
provide satisfactory results, and the use of growth factors
may be impossible due to the high costs involved.
Alternatives that have been tested successfully in guided
bone repair (GBR) are available, [10] and the use of
demineralized human dentin matrix (DHDM) is one of the
options to solve this problem [5,11-15]. This DHDM consists
of 55% inorganic hydroxyapatite (HA) and 45% organic
substances. Inorganic HA possesses bone properties in the
combination and dissociation of calcium and phosphate.
Organic substances include bone morphogenetic proteins
that have a capacity for osteoinduction, as well as type I
collagen identical to the one found in the alveolar bone.
The bone additive material of human dentin is useful
because it maintains an excellent bone regeneration
capacity and minimizes the possibilities of foreign body
reaction, genetic diseases, or disease transmission. The
material properties of the mandibular bone have been
extensively studied, [16-22] but fewer studies have been
focused on the assessment of the entire assembly of the
mandibular bone with the scaffold.

3D printed scaffolds dedicated for a special bone defect,
opened to the surface of the mandible bone, allow for
obtaining an optimal vertical and horizontal bone level, as
well as volume [23]. In order to have a good stability of the
mandible-scaffold complex, usual implants could be used
to fix this structure. Also, the scaffold must have an
optimum porosity in order to obtain an adhesion to the
bone [7].

Different materials could be used for these 3D printed
scaffolds, including porous ceramics, foams, and alumina
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[23]. Also, different technologies could be employed to
obtain scaffolds, besides 3D printing, including fused
deposition modelling, lamination, and laser sintering [23].
However, 3D printing has several advantages compared to
other additive methods: it is a direct deposition method; it
allows the fabrication of heterogeneous tissue construction
scaffolds; it is a powder manufacturing method, therefore
it can achieve 3D models with computer aided design
(CAD) by using the patient’s CAD data [23-25]. 3D printing
also combine high surface area and good porosity with a
satisfactory mechanical strength [26]. For example, 3D-
printed bioresorbable and personalized scaffolds were
demonstrated to treat periodontal defects, with a 3 mm
gain of clinical attachment and partial root coverage [27].

The present paper brings forward such a solution, based
on a 3D personalized printed scaffold for a mandible bone
defect [28]. This scaffold is going to be fixed to the mandible
body by usual implants. Considering the magnitude of the
defect, one, two, or three implants may have to be used for
this fixture.

Taking into account the above, the aim of this study is to
evaluate, by using numerical simulations, the adhesion of
a ceramic scaffold graft to a mandibular bone that has a
large bone defect which prevents the clinician to use dental
implants as a treatment plan. The second aspect to be
studied is the number of implants that is necessary in order
to assure a proper resistance of the construct to the usual
level of the forces that act upon the mandible. Some of
these techniques were previously used in orthodontic
treatment[31,32].

Experimental part
Material and methods

We used ex-vivo in this study a mandibular bone with a
significant bone defect that prevents a proper implant
surgery - fig. 1(a).

Figure 1(b) shows the scanning of the mandible,
performed with MicroScribe G2 (Immersion Corporation,
San Jose, CA, USA), with an accuracy of 0.38 mm and in a
spherical workspace of 75.4 mm. A cloud of points was
measured, and it was then processed in ProEngineer-Creo2
(PTC Inc., USA) - fig. 1(c). The work has been done starting
from points, lines, and then passing to solid surfaces. The
mandibles dimensions, as defined by its bounding box are:
98.692 mm × 73.94 mm × 81.769 mm.

Figure 2(a) presents the three situations that are
analyzed. In the first one only an implant was inserted in
the middle of the scaffold, in order to stabilize this scaffold.
In the second situation two implants were used, inserted
at 10 mm from each other, and at 21.5 mm from the
margins of the scaffold. In the third situation three implants
were inserted at 10 mm from each other, and at 16.5 mm
from the margins of the scaffold. The implants used are
made of titanium; they have a diameter of 3.5 mm and a
length of 11 mm. Each scaffold has a length of 60 mm.

Using ANSYS 15 (ANSYS Inc., Canonsburg, PA, USA), it
was then possible to obtain a numerical simulation of the
effect of the different forces applied on the scaffold – using
a Finite Element Analysis (FEA). [29,30] 3847 elements
were considered, as well as 8032 nods. A surface mesh of
triangular elements was utilized; it has a minimal
dimension of an element of 0.29 mm. Figure 2(b) shows
this meshing of the mandible bone that has introduced
inside its defect the polymeric scaffold with one, two, or
three dental implants.

Results and discussions
Figure 3(a) shows the load that was applied on the

mandible bone which has on the bone defect the polymeric
scaffold implemented with one, two, or three implants;
the loading force in all three cases was F = 300 N.

Figure 3(b) presents the stress that appears in the 3D
model bone with the bone defect for each of the three
cases above (i.e., with one, two, or three dental implants).
Figure 3(c) shows the stress that appears in the entire 3D
model of the mandible, after the scaffold was fixed.

Figure 4(a) shows the stress that appears in the 3D model
of the polymeric scaffold. In parallel, fig. 4(b) shows the

Fig. 1. (a) The photo of the mandible considered in this
study; (b) the scanning of the mandible, using MicroScribe

G2; (c) the 3D model of the mandible (with a single
implant), obtained after the scanning.

Fig. 2. (a) The 3D mandible models considered in this
study; (b) the discretization of the models – for (1) one,

(2) two, and (3) three implants.
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stress that appears in the 3D model of the dental implants
utilized in each case.

Figure 5(a) shows the mandible-scaffold contact area,
in the three cases, of one, two, or three dental implants. In
parallel, figure 5(b) shows the contact pressure between
the mandible and the polymeric scaffold, for the same
cases.

Finally,  figure 6 shows the sliding tendency of the
polymeric scaffold on the mandible bone defect, for each
of the three characteristic cases considered.

For this study, several aspects have been studied for a
certain force applied on the scaffold, i.e. its effects on the
implant, on the scaffold, and on the bone defect. By
applying a force in the menton region of the mandible, the
stress was well-distributed, and the main area affected
was the condyles one. In contrast, on the implant and
scaffold regions the stress was minimal. The same result
was remarked for the 3D model bone with the defect, for

Fig. 3. (a) The loads that where applied on the
mandible bone; (b) the stress that appears in the entire
3D model bone with the bone defect; (c) the stress that

appears in the 3D model bone with the scaffold
implanted - each of these aspects considered for (1)

one, (2) two, and (3) three implants

Fig. 4. (a) The stress that appears in the 3D model of the polymeric
scaffold; (b) the stress that appears in the 3D model of the dental
implants- each of these aspects considered for (1) one, (2) two,

and (3) three implants

Fig. 5. (a) The mandible-scaffold contact area; (b) the contact
pressure between the mandible and the polymeric scaffold - each

of these aspects considered for (1) one, (2) two, and (3) three
implants
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all the three considered cases: with one, two, or three
implants (fig. 2).

When analyzing the stress that appears in the 3D model
of the polymeric scaffold (fig. 3), it can be remarked that
the smallest value of the stress was on the first probe. The
highest value of the stress was obtained for the third probe:
16.61% higher than for the first one. In the second one the
stress was higher than the first one with 1.71%. However,
looking at the results obtained on the stress produced in
the implants, there was a higher amount of stress in the
case of three implants, with 73.75% more that in the case
of two implants, where the smallest value of the stress
was calculated. The case of one implant has a stress higher
with 22.62% than the one of two implants.

The pressure on the scaffold was higher for the case of
one implant; the best case was the one with two implants

Fig. 6. The sliding tendency of the polymeric scaffold on the
mandible bone defect - for (1) one, (2) two, and (3) three implants.

- fig. 5(b). Using the simulations, the measured pressure
was with 25.81% higher for three implants, compared with
the two implants case, while the one implant case had a
pressure higher with 44.01% than the two implants case.
The amount of stress accumulated in the area which
surrounds the implants was minimal.

By measuring the contact area when the polymeric
scaffolds are implemented with one, two, or three dental
implants, it can be remarked that there are no significant
differences between the three considered cases -fig. 5(a).
However, the contact pressure between the mandible and
the polymeric scaffold implemented with one, two, or three
implants was different: contrary to expectations, a higher
pressure in the second case was remarked, as compared
with the first one, with one implant. The best case from
this point of view was the one with three implants.

By analyzing the sliding tendency of the polymeric
scaffold on the mandible bone defect, the three implants
scaffold developed a higher stress as compared with the
one implant scaffold (fig. 6). The best case from this point
of view was the one with two implants.

A summary of all these remarks, made from different
points of view, is made in table 1- in order to provide users
with an overview of advantages and drawbacks of the
three considered cases.

Besides the aspects pointed out above, there is a most
important factor which has not been yet taken into account
in this in vitro study, i.e. the patient. In a clinical situation,
the one that decides how many implants are used is the
patient and she/he has to be informed about all the
advantages and drawbacks of the three cases described
previous.

In this study one has concluded that the best modality
of treatment was the one with two implants. The pressure
and the forces were thus well-distributed along the
implants, the bone defect, and the polymeric scaffold. The
one implant scaffold case showed a good stability of the
scaffold, a good distribution of the stress along the
polymeric scaffold, but it had a smaller percentage of
success, compared with the two implants case.

Taking all these factors into account, one may conclude
that the case with just one implant is the most accessible
and can be used with good results in practice. One of its
most important disadvantages is that the amount of
pressure was shown in this study to be higher than for the
other cases, with two or three implants scaffolds. However,
the pressure was better distributed on a larger surface of
the scaffold.

Comparing the cases of two and three implants, the
difference between them is not too significant, as from
Table 1 both of them have certain stronger and weaker
points. However, taking also into account the costs

Table 1
THE BIOMECHANICAL CHARACTERISTICS OF THE SCAFFOLD IMPLANTS COMPLEX IN THE CONSIDERED SITUATIONS
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involved, the two implants solution seems to be enough
and the most appropriate treatment decision.

Conclusions
The implants improve the resistance of the bone; with

more implants the resistance is better, but the cost of the
treatment is also increasing. Therefore, it was shown in
this study that a number of two implants is the best option
of treatment, giving a good stability of the scaffold. Also,
the treatment cost is easier accepted by the patient.
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