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Unconventional methods for forming
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The paper presents design process and manufacturing

of the dental implants, which have been improved in
terms of the materials that are used, as well as th eir
shapes and thread profiles that are employed. In th e
result of optimization works the shape and dimensio ns
of dental implant made of titanium have been deter-
mined. For the needs of optimization, the parameter  ized
geometrical axisymmetric model (2D) and the associa  t-
ed computational model FEM provided for calculation of
the value of the objective function were used. Inr  esult
of these works the model of dental implant was deri ved.
The paper presents also the manufacturing process o f
implant and example of designed elements. One of th e
methods applied is the additive manufacturing proce SS
of Selective Laser Melting (SLM).
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W artykule przedstawiono problem optymalizaciji
implanto-dystraktorow dla doboru odpowiedniego
ksztattu i wymiaréw implantéw wykonywanych ze sto-
poéw tytanu. W procesie optymalizacji wykorzystano
numeryczny model obliczeniowy MES. Na podstawie
wybranego przyktadu przedstawiono proces wykonania
wybranych w procesie modelowania elementéw implan-
tu metod g selektywnego spiekania laserowego SLS.
SEOWA KLUCZOWE: implanto-dystraktor, model CAD,
optymalizacja numeryczna, metoda SLS/SLM

Shape of the threads for typical applications and typical
pairs of materials of similar mechanical properties does not
need optimization. In these cases, metric threads provide
even distribution of forces and tensions on both connected
components. This situation is different in case of titanium
based dental implants, which are mounted into bones. Due
to significant differences in mechanical properties (strength,
Young modulus) of pair of connecting materials, application
of metric thread would lead to uneven and harmful distribu-
tion of tensions — especially in the cancellous bone, causing
its destruction even, when relatively small loads are applied
[1, 2]. The problem of pairing titanium based implants with
cancellous bone induced necessity of optimization of dental
implant thread in order to minimize tensions causing cancel-
lous bone destruction, under specific load, through proper
tension distribution.

Properly designed dental implants were later on manu-
factured of titanium alloy using the Selective Laser Melt-
ing/Sintering technology (SLM/SLS).
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FEM Analysis

In order to develop the shape of the thread providing
harmless interaction between dental implant and cancellous
bone, numerous researches and analyses were performed
[3]. Models were developed using CAD system (NX), later
on simulations and analyses using FEM and CAE — ANSYS
Workbench was employed:

- the dental implant of jaw bone was designed and there
were performed FEM analyses of tension distribution in the
jaw bone during distraction, without bone cutting and with
various ways of bone cutting (Fig. 1);

- various designs of connection between the dental impact’s
body and its foot were designed and its strength was FEM
simulated and analysed; this connection shall resist the
torque of 0.5 Nm, necessary for screwing the dental implant
into the jaw bone or for its removal (Fig. 2);

- strength of the mounting screw was analysed; for needs
of FEM calculations, force of 608 N was used (registered for
the premolar teeth).

Fig. 2. Tension distribution in the dental implant thread
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Methods and materials

Developed dental implants were manufactured using the
Selective Laser Sintering/Melting (SLS/SLM) technology. All
of the implants components were built of the commercial
Ti6Al4V powder using the Renishaw AM 250 machine
(Fig. 3).

Fig. 3. Ti6Al4V powder SEM

Due to the limitations of the SLS/SLM technology, espe-
cially concerning the laser spot size (100 pm) and size of
the powder grain (~50 um) it is necessary that the minimal
dimension of the manufactured component should not be
less than 0.1+0.15 mm. In case of smaller dimensions, the
built structure might be discontinuous.

Fig. 4. Implanto-distractors manufactured using the SLS/SLM

Manufactured implanto-distractors are of size of
3+15 mm. The measured roughness (expressed in Ra coef-
ficient) of their surfaces is around 50 um. This parameter
implies necessity of application of additional finishing ma-
chining operations (Fig. 4, 5).

Results

Fig. 5. Implanto-distractors manufactured with SLS/SLM technology
— with additional supporting structures and final products

The presented in Fig. 6 tension distribution shows the im-
pact of the ring’s diameter of cancellous bone around the
implant and the rounding diameter of the thread tip on the
optimal shape of the thread. It is worth to mention that col-
lected data might be stochastic and the same it can not be
generalized. Uncertainty of the collected data on one hand
might result of the complexity of surface describing the op-
timization function, whilst on the other it might also result
from choice of optimization method or its parameters.
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Fig. 6. Influence of the implant’s tip radius on the HMH tensions in
the cancellous bone

Conclusions

Presented way of optimization of the dental implant's
thread allowed to perform the successful and effective opti-
mization process. It occurred that application only of the
axial load of dental implant leads to achieving optimal thread
shape with sharp tip (tip rounding of 1 um). However, the
shape of thread is optimal, thread of this parameters is im-
possible to manufacture. It would be also harmful for the
surrounding cancellous bone, due to tension distribution
when the horizontal load on the implant appears there. Due
to these facts, the minimal tip rounding shall be determined
according to other criteria than used in the optimization.
When analysing the results of performer optimization, it is
necessary to keep in mind the assumptions that were used
for calculations. Optimal threads of the dental implant shall
be verified with 3D models and additional experiments and
research works.

Important aspect of performer works concerns manufac-
turing of the dental implant. Parts of bigger dimensions (with
important details not smaller than 1 mm) can be effectively
produced with the additive manufacturing technologies,
however it would be beneficial to use small grain powder
(with grain size of 20 um).

The work was supported under the Contract No.
PBS2/A6/18/2014 (project title: ,Development of manufac-
turing technology for implant-distracts”) by The National
Centre for Research and Development.
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