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In the past decades, metals have been considered as promising materials in the fields
of regenerative medicine and tissue engineering. Metallic bio-materials with excellent
mechanical strength can effectively support and replace damaged tissue. Hence, metals
have been widely used in load-bearing applications for dentistry and orthopedics. cobalt-,
iron-, and titanium (Ti)-based alloys are representative bio-metals used in various forms
such as vascular stents, hip joints, dental, and orthopedic implants. However, the alloying
elements of Co- and Fe-based alloys, Co, Ni, and Cr, induce severe toxicity when ionized
in the body, which limits their clinical use.
On the other hand, Ti and its alloys have been widely used as medical devices and
implants applied in dental and orthopedic applications due to their excellent bone regeneration ability, mechanical properties, and corrosion resistance. Even though Ti and its
alloys have been generally used for biomedical applications, there are still challenges that
must be met in order to satisfy clinical applications. For example, osseointegration with the
surrounding bone tissue at the initial stage of implantation has been pointed out as a major
issue. In recent years, much attention has been placed on the design of new Ti alloys and
composites with a modified process such as the advanced casting method and artificial
intelligence for fabricating dental and orthopedic implants with lower elastic moduli in
combination with higher strength. On the other hand, some researchers have focused
on the surface modification of Ti-based medical devices and implants for inducing rapid
bone ingrowth.
This Special Issue, “Titanium and Its Alloys for Biomedical Applications”, has been
proposed as a means to present recent developments in biomedical applications. The nine
research articles included in this Special Issue cover broad aspects of Ti-based alloys and
composites with respect to their composition, mechanical, and biological properties, as
highlighted in this editorial.
2. Contributions
2.1. Surface Modification
Four papers in this section concern the surface modification of Ti and its alloys, including the final developmental stage of medical devices and surface treatment of implants.
Kim et al. studied the ultraprecision magnetic abrasive finishing (UPMAF) of a nickel
(Ni)–Ti stent wire using ecofriendly oil [1]. Generally, the accuracy and precision of Ni–Ti
stent wire sizes are important factors in the clinical field as well as toxicity of the stent
surface. Therefore, in this study, a UPMAF process with earth-friendly olive and castor
oil was investigated. Using both olive and castor oil, the surface roughness was modified
without any change of components of original Ni–Ti metal compared to using industrial
light oil.
Kim et al. compared and analyzed various Ti surface treatment technologies for the
orthopedic field [2]. They applied hydroxyapatite (HA) blasting, sand blasting and an
acid-etching (SLA) process on a Ti substrate. Additionally, other anodic oxidation (AO)
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and micro-arc oxidation (MAO) processes were conducted on the SLA-treated Ti. A TiO2
layer created by the AO and MAO processes increased porosity and surface roughness and
consequently enhanced cellular responses.
Huang et al. used high-power impulse magnetron sputtering to deposit tantalum
oxide and Ta (Zn)O thin films on porous Ti prepared by plasma electrolytic oxidation [3].
The surface showed antibacterial properties with Staphylococcus aureus and Actinobacillus
actinomycetemcomitans bacterias and improved cellular activities in terms of the adhesion,
migration, and proliferation of osteoblastic cells.
Oh et al. used electrophoretic deposition to modify the Ti surface and layered graphene
oxide-based coatings that control drug loading and release by varying the thickness of the
coating layer [4]. The coatings enhanced surface hydrophilicity and hardness as well as
bone differentiation properties when compared to the drug simply adsorbed to the surface.
2.2. Alloys and Ti Matrix Composite
The Ti alloys and Ti matrix composite were developed for use in the aerospace industries by enhancing mechanical properties and corrosion resistance. Despite this, it
was revealed that such alloys can also find an excellent application field as biomaterials.
Therefore, this section comprises three papers and concerns the manufacturing techniques
of alloy and composite applied in bioengineering.
Jörg et al. fabricated a Ti6Al4V alloy that is extensively used in biomedical applications,
using precision centrifugal casting [5]. The optimized centrifugal casting process of the
Ti6Al4V provided a high-quality surface and equivalent biologic material quality as well
as a reduction in cost for manufacturing.
Jha et al. used the CALPHAD and artificial intelligence for new Ti-based alloys [6].
They proposed an efficient approach for screening the compositions and process parameters
that maximize the stability of β phase while minimizing α” and ω-phase formations on
Ti–Zr–Nb–Sn systems. In order to accelerate the development process, AI algorithms were
used to predict alloys that are expected to meet the requirements with the phase stability of
β phase.
Ti-matrix composites using bone were produced by Jeong et al. [7]. Ball-milled
Ti6Al4V powders and equine bone (EB) powders were spark plasma sintered at 1000 ◦ C.
The existence of hydroxyapatite, the main component of EB, in a sintered Ti6Al4V matrix
increased the hardness of composites, indicating good mechanical properties.
2.3. Advanced Analysis
The characterization and evaluation of Ti alloys have also attracted significant attention to keep up with development speed of Ti-manufacturing technologies. Two papers
discussed advanced analysis methods for mechanical and biological properties
There have been many efforts to fabricate Ti alloys with a low elastic modulus to
reduce stress-shielding effects that deteriorate the bone healing. Meng et al. investigated
the deformation behavior of a Ti36Nb5Zr alloy with a β phase using in situ synchrotron
X-ray diffraction (SXRD) [8]. They proved deformation mechanisms of β-type Ti alloys
including elastic and plastic deformations.
Beltrán et al. confirmed the potential of grade V Ti mini-transitional implants for a
temporary overdenture [9]. Bone area fraction occupancy after in vivo test was analyzed by
backscattered scanning electron microscopy (BS-SEM), and eventually it was demonstrated
that grade V Ti is an appropriate material for a dental implant.
3. Conclusions and Outlook
The present Special Issue of Metals presents an extensive insight into the state-of
the-art of the research on developing Ti and its alloys for biomedical applications. The
number of articles and the wide range of topics prove the continued interest in this group
of materials. The development and progress in Ti and its alloys have played an important
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role in manufacturing medical devices and dental and orthopedic implants that are not
possible with other metals.
As a guest editor of this Special Issue, I hope that these papers will be useful to
researchers, designers, and engineers investigating in the development of advanced Ti
alloys and improvement of their performance. Additionally, I am honored to be a guest
editor and glad to report the success of this Special Issue. My sincere thanks to the reviewers
and editors of Metals for their continuous support.
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