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ABSTRACT

The aim of this study is to provide information about 3D printing techniques and investigate the
relationship between 3D printing and titanium implants. Rapid prototyping or 3D Printing is defined
as the processes and technologies used to generate physical models from Computer Aided Design
(CAD) files through a program. 3D printers are generally used in engineering, architecture, jewelry,
Art, medical and dental sectors. Especially in the sectors related to production, there is a great need for
3D printer. 3D printers provide incredible convenience for prototype production. Depending on the
development of the technology, it was possible to use titanium material with 3D printers. This study
provides a solution for problems related to dental implant devices and materials used in biomedical
engineering- medical applications.

Keywords: 3D Printing, Titanium Implant, Biomedical Applications.

1. INTRODUCTION

In recent years, 3D printing techniques and technologies have improved a lot, and the variety of
materials used in these printers has also increased. Increasing material diversity also allowed 3D
printers to be used in different areas. 3D printing, also called rapid prototyping, is now used in
different applications and sectors [1]. When the researches about 3D printers are examined, it is seen
that they are generally used in macro dimensions. However, it is also used in areas related to the micro
system [2-11]. Product creation is the primary use of 3D printing technology for today. These
machines provide cost-effectively test ideas for dimensional products before they begin expensive
mold and manufacturing processes for designers and engineers. 3D printing technology is now readily
available in every application [12]. Manufacturing with 3D printer has very important advantages. For
example, there is only device or system production from computer designs. Here, time, personnel cost,
and scarcity of devices are of great advantage Fabrication systems are usually installed for the
production of a device. These systems are quite costly. However, sometimes production facilities can
be built with 3D printers at a much lower cost instead of production facilities. An example 3D printer
is shown in Figure 1. [13,14]. With 3D printing technology, it might be used to produce simple parts
such as automotive, medical, aerospace, consumer goods, toys, and regency items [15]. In recent
years, it has been significant that the use of 3D printing has increased in the medical sector [16]. For
instance, it emerges as a fast, affordable, and cost-effective tool for the manufacture of specially
designed medical implants [17]. Implants are natural or synthetic materials used to support or support
the functions of living tissues in the human body, and they continuously or periodically contact body
fluids [18]. Titanium metal, which is known to exhibit high biocompatibility in physical and chemical
terms, is significant in terms of being the most widely used implant [19].
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Figure 1. The Scheic of 3D ﬁrinting [14].

In recent years, a significant increase in the application of titanium to the medical and dental area has
been observed with titanium lightness, the tight hexagonal structure at room temperature, suitable
corrosion values, self-immobilized oxide layer which prevents active substances. Chemical reaction,
proper resonance values due to non-magnetic properties, low allergic properties, and being the best
biocompatible metal in long-term implants [20]. Titanium implants have some advantages as well as
offers superior features. These are in particular, the unique anatomy of the orbit that is implanted and
the resulting surgical approaches are not adequately. In order to overcome the drawbacks of this field,
researchers are carrying out serious studies on the modification and development of the implant. An
implant type with better modularity and similar features to bone pore cells was introduced by
researchers with 3D printing technology, along with practical examples and content [21, 22]. This is a
layered production technique based on the 3D printer inkjet print deposition concept. List of necessary
steps and materials to create a 3D printer in operation 3D printer technology. It is aimed to give details
of the features and advantages of 3D implant production with the 3D printer.

2. DENTAL APPLICATIONS by 3D-PRINTING

The developments in computer technology and software applications form the basis of today's 3D
printing technology. Some requirements are needed to make dental applications with 3D printers. First
of all, CAD designs must be made for each application. Then there is a need for scientific data on
devices used in medical applications [23, 24]. Figure 2 shows the 3D printing process steps used in
biomedical applications in general.
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Figure 2. 3D printing process in biomedical applications [24].

3D printing is also called rapid prototyping, computerized automatic production, depending on the
fabrication technique used. Rapid prototyping covers many established manufacturing techniques and
numerous experimental Technologies that have been developed by small teams. Each method has its
limitations and prototype model generation applications [25-27]. Many academic studies have been
conducted on 3D printer and titanium powder alloys. These studies were done with Selective Laser
Sintering (SLS) and Powder Bed Fusion (PBF) techniques [28-30]. Three-Dimensional Printing
(3DP), invented at the Massachusetts Institute of Technology, is based on the ability to produce 3D
structures in a powder layer with an ink-jet liquid solvent solution [31-33]. Moreover, although the
diagram of the working principles of the other techniques is given in figure 3, the study tribology and
shape are not given in detail because it is not the subject of this article.
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Figure 3. 3D Printing schematic [34].

3. PRINTING OF TITANIUM IMPLANTS

Titanium and its alloys are widely used in the construction of biomedical, dental implants, mobile and
stationary dentures due to their excellent biocompatibility and corrosion resistance, low elasticity
values, and high resistance. However, new studies are needed to determine optimum properties and
production methods for the use of titanium in fixed and mobile prostheses [35]. The unique surface
orbital implant that the implants have directly affected the force and stress sharing between tissue and
bone. Force and stress-strain are directly proportional to the elasticity of the material [36,37]. They
also found that the pores accelerated the formation of the bone around the implant in some cases.
Researchers used implant manufacturing methods to obtain porous titanium implants, sintering, 3D
printing, additive manufacturing, and similar methods. Since other forms of production are not the
subject of this article, this work will briefly be referred to as the 3D printing production model.
Modern dental implants consist of three different materials. These materials consist of Zirconia,
Alumina and Titanium [38]. Aluminum and Zirconia are widely used for applications that require high
strength, and Titanium is also used for applications that require biocompatibility. Table 1 shows the
physical properties of the biomaterials [39-41].

173



Yalcinkaya vd., /NTERNATIONAL JOURNAL OF 3D PRINTING TECHNOLOGIES AND DIGITAL INDUSTRY 4:2 (2020) 171-177

Table 1. Physical properties of biomaterials. [41].

Material Strenght (Mpa) Modulus (GPa)

Natural jaw bone 130 — 130 3-20
PLGA 2.82 2

Stainless steel 316L 170 — 750 200
Co-Cr-Mo 275 - 1585 200 - 230
Yitria —stabilized zirconia 900 - 1400 210

Ti-6Al-4V 895 — 930 110 -114
Commercially pure 240 = 550 102 - 105
Titanium

Alumina 400 350

Using Engineering through Processing, Pure Titanium can be reduced to conform to the modular bone
by providing porosity. It has been reported that porous Titanium has molecular mechanical properties
that can help humans to load continuously on the jaw compared to load conditions [42,43]. A 3D
printer (3DP) layered production technology based on the inkjet print deposition concept has been
promised to meet these requirements. As can be seen from Figure 4, it works as follows:
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Figure 4. 3D printing process [41].

The implant with titanium material is primarily designed with computer-aided design (CAD). The 3D
design made is converted to STL file format. It is then transferred to the 3D printer device for
prototype production. All these processes take place quickly in order. This action produces a combined
powdered substance layer in selected areas. After that, the workbench chamber is lowered in one-layer
thickness after the powder feed chamber is moved upward to provide a new layer of powder layer after
printing. These steps are repeated until the track is last created. As the copy is made, the unprinted
dust becomes natural support and is finally cleared of the final part [43,44]. An example of a
fabricated porous titanium implant is shown in figure 5.

Figure 5. Producted porous Ti (a) Tp view; (b) Front view [41].
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4. CONCLUSION

It is difficult to make customized designs in some applications. Because design sensitivities must be
calculated beforehand. Moreover, the applied biocompatible material must have static and dynamic
properties compatible with human bone and tissue. Many types of research have been carried out in
order to improve the static and dynamic properties of titanium and its alloys, which are a phenomenon
in biomedical, dental applications. In this work, the 3D printing given to promote the dynamic and
static properties of titanium functions with the repression of a bonding material on each powder layer
in order to deposit the powder material repeatedly in the thin layers and to deposit the deposited
powder in this layer. This process is repeated from the CAD model to the post-layer layer up to the
completion of the whole 3D part according to the sliced data.

As a result of the investigations, it has been shown that this technology can be used in biomedical
engineering to solve common problems in dental implant applications. Particularly in dental
applications, the phenomenon of mass accumulation of small pores in the dental implant allows the
cells to enlarge in the pore implant, as well as an anymore decrease in the module of the bulk titanium
material.
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