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Abstract: The discovery of the utility of various titanium alloys as implant biomaterials has resulted
in these materials becoming far more popular than other metals in the medical world. However, the
production of these materials using additive manufacturing has its own challenges some of those
being the surface finish that can be used as an implantology material. As such, the purpose of this
study is to evaluate the influence of 3D-printed Ti64ELI on the as-built samples printed at 60◦, 90◦,
and 180◦ orientations. Such studies are very limited, specifically in the development of the laser
shock peening surface modification of dental implants. The study showed that each mechanical
test that was performed contributes differently to the printing orientation, e.g., some tests yielded
better properties when 180◦ printing orientation was used, and others had poorer properties when
a 180◦ printing orientation was used. It was observed that 60◦ testing yielded a micro-hardness
value of 349.6, and this value was increased by 0.37% when 90◦ orientation was measured. The
lowest HV value was observed under a 180◦ orientation with 342.2 HV. The core material volume
(Vmc) was 0.05266 mm3/mm2 at a 60◦ orientation, which increased by 11.48% for the 90◦ orientation.
Furthermore, it was observed that the surface roughness (Sa) at 60◦ orientation was 43.68 µm. This
was further increased by 6% when using the 90◦ orientation.

Keywords: printing orientation; porosity; mechanical properties; surface roughness

1. Introduction

For individuals with remaining terminal dentition or edentulism, immediate-loading
full-arch implant rehabilitation is currently the recommended elective treatment method [1].
In recent times, there has been a surge in the utilization of osseointegrated dental implants
for the functional and cosmetic restoration of individuals who are either partially or com-
pletely edentulous [2,3]. Various factors could impact the long-term success of implants,
though. The biomechanical elements of these components are crucial to its in vivo be-
havior [4]. The manner in which stresses are transmitted from the implant to the bone
surrounding the implant plays a crucial role in the biomechanical behavior of dental im-
plants [5]. The clinical success rate of medical implants is related to several factors that
promote the osseointegration of the implant fixation and the successful healing of the soft
tissues at the interface between the implant and the abutment [6].

Dental implants are made to resist a lot of cycles under heavy loads [7], but there
is still a chance that they could fail at any point throughout their lifetime [8]. Dental
implants may experience biological failure even in the event that adequate stiff attachment
is attained because bone resorption may cause the implant to become loose [9]. Conversely,
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excessive oral activity-related weariness and injury are usually blamed for mechanical
failure [10]. The biological region that results from peri-implant bone loss is dependent on
patient circumstances, implant abutment design and placement, and occlusal loading [11].
Dental professionals are increasingly using digital technology [12,13]. Particularly in
implant dentistry, there is a growing trend toward the use of computer-aided design
(CAD) and computer-aided manufacturing (CAM). Over the last 20 years, this technology
has advanced quickly, and it was first used in restorative dentistry [14,15]. Compared
to conventional manufacturing, additive manufacturing (AM) offers several advantages,
including the ability to easily produce complicated geometries, design freedom, shorter
manufacturing lead times, and raw material savings [16].

A few technical obstacles, including AM’s rough surface roughness, which is incompa-
rable to that of traditional production techniques like machining and injection molding, are
impeding the full commercialization of AM technology [17,18]. The general surface quality
is addressed by the AM community, especially in the AM process field, using simple profile
surface texture criteria like Ra and Rq, although actual parameters are showing to be more
beneficial [19]. Arithmetic mean height (Sa and Sq) is more correlated with the surface angle
than root mean square (Ra and Rq), according to a prior report [4]. In this work, different
3D printing orientations for as-built Ti64ELI samples are considered while analyzing the Sa
and Sq parameters. The most common method of evaluating “roughness”, which uses the
Sa and Sq parameters (which are comparable to the Ra and Rq ISO 4287 profile parameters),
yields comparable results when used with coarsely located X-ray computed tomography
(XCT) means, coherence scanning interferometry (CSI), and confocal microscopy (CM) [20].

There are two ways to look at how surface roughness affects osseointegration: the
response of cells and molecules to surface roughness and the impact of purely mechanical
stresses attributed to roughness [21]. The life of the dental implant depends critically on its
early stability following implantology, and the implant’s surface roughness is a key factor
in this regard [22]. Following implantation, the titanium implant’s surface comes into direct
contact with the surrounding tissues and cells [23]. Surface polish is therefore essential for
increasing implant life, stability, and success rate. With a vast array of characteristics at
its disposal, surface topography characterization is a challenging area of metrology. Two
types of pores typically impact parts produced by direct metal laser sintering (DMLS): gas
pores and lack of fusion pores [24]. The generated component typically contains a random
distribution of gas pores, which are spherical in shape and have a diameter varying from 1
to 100 µm. Conversely, the absence of fusion holes typically has a larger size (100–150 µm)
than gas pores and tends to take on an uneven and planar shape within the layers of the
produced parts, perpendicular to the direction of construction [25].

Although implantology has evolved considerably, dental implant systems continue
to present problems in both the implant–abutment connection and bone–implant inter-
face [20,26,27]. Surface roughness plays a critical role in this regard; as such, the study
assesses the influence of 3D printing orientation on volume parameters and micro-hardness
near and away from the fractured surface. The study’s findings will then be used to
create a laser shock peening computer model for dental implants in order to forecast
osseointegration during implantology.

2. Methodology
2.1. Fabrication of Material

The authors used the Abaqus CAE software (Abaqus CAE software 2020, Dassault
Systemes Simulia Corp, Johnston, RI, USA) to construct a dog bone tensile specimen, which
was subsequently stored in the STL file format; see Figure 1. The titanium Ti-64 ELI powder
sample was prepared using the direct metal laser sintering machine (EOS M280, Electro-
Optical Systems, Krailling, Germany). Preheating the build plate to 40 ◦C was done before
beginning the sample building. The particles had an average size of 39 ± 3 µm.
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Figure 1. Representative dimensions of the 3D-printed sample drawn according to ASTM standard
E8/E8M-09.

A volume rate of 1.68 mm 3/s was used to maintain a fixed layer thickness of 30 µm.
This volume rate, together with numerous other variables, like the exposure parameters
of the contours, supports, up and down skin, recoating time, Home-In, or LPM settings,
determines the overall build speed. The EOS DMLSTM system handled the build job: an
EOS M280 with a 63 µm mesh is advised for use in powder sieving. The EOSINT M 280
DMLS machine (EOS, Krailing, Germany) was utilized to fabricate the samples, utilizing the
specifications indicated in Table 1. The print orientations of 60, 90, and 1800 were taken into
consideration. The Central University of Technology was where the specimen fabrication
was done. The selection of 3D printing parameters followed ISO 14801 [28] based on the
chewing load of the dental implant at 90◦, 60◦ and 180◦, with 60◦ as a worst-case scenario.

Table 1. 3D printing processing parameters used during the fabrication of the tensile test dog bone [19,29].

Processing Variable Value

Laser power setting 175 W
Laser diameter 80 µm
Hatch spacing 100 µm

Layer thickness 30 µm
Scanning speed 1400 mm/s

2.2. X-ray Computed Tomography to Analyse the Porosity on As-Built Ti64ELI Samples

X-ray computed tomography (XCT) was employed to describe the spatial and size
distribution of the residual pores in the 3D-printed as-built samples. Porosity characteri-
zation was carried out using X-ray tomography analysis, performed at the University of
Stellenbosch CT facility [30]. A General Electric (GE) Nanotom S nanoCT scanner system
(Wunstorff, Germany) with voltage and current set to 140 kV and 130 µA was used for the
X-ray setting, using a 0.5 mm copper beam filter, with a voxel size set to 5.0 µm. Table 2
represent the experimental results acquired using the CT-scan. The image was acquired at
a time of 500 ms per image and recorded in 2000 rotation steps during the full 360-degree
rotation of the sample. The system-supplied Datos reconstruction software was used to
reconstruct the image. GE Phoenix VTomeX L240 (Wunstorff, Germany) and Dragonfly
2022.2 were used to perform the CT scan and image analysis.

Table 2. Experimental results acquired during porosity analysis test for 3D printed tensile bar at
various printing orientations.

Tensile Bar 60◦ Tensile Bar 90◦ Tensile Bar 180◦

Volume of material (mm3) 930.870755 966.001907 996.227442
Volume of pores (mm3) 0.005383 0.001726 0.005826
% Ratio 0.000578 0.000179 0.000585
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2.3. Tensile Test

An EOS 280 powder bed fusion printer was used to 3D-print the dog bone tensile
specimens. The preparation of these specimens complied with ASTM standard E8/E8M-09,
which specifies standard test procedures for metallic material tension testing [31]. A 100 kN
Instron electro-mechanical controlled testing apparatus (Instron, Norwood, MA, USA) was
used to conduct the tensile test. Three millimeters per minute was the crosshead velocity
used to load the apparatus. Three (3) 3D-printed specimens were evaluated for every
printing orientation in order to take statistics into account. After necking, the specimen
was eventually shattered. Table 3 displays the recorded values for the highest force, tensile
strain, tensile stress at yield (offset 0.2%), and E-modulus.

Table 3. Tensile test experimental results tested at various printing orientation.

60◦

Tensile Stress at
Yield (MPa) Tensile Strain Maximum Force

(kN)
Modulus E
(MPa)

1 789.16 4.91 43.32 52,673.25
2 757.14 4.95 42.78 53,686.05
3 746.06 3.65 42.61 53,766.29

Mean 764.12 4.5 42.9 53,375.2

Standard
deviation 22.38 0.74 0.37 609.22

90◦

Tensile stress at
Yield (MPa) Tensile strain Maximum Force

(kN)
Modulus E
(MPa)

1 746.84 5.65 43.58 52,950.08
2 733.03 3.01 41.07 50,033.14
3 721.57 2.84 40.89 53,099.86

Mean 733.81 3.83 41.85 52,027.69

Standard
deviation 12.66 1.58 1.5 1728.95

180◦

Tensile stress at
Yield (MPa) Tensile strain Maximum Force

(kN)
Modulus E
(MPa)

1 871.88 4.61 43.59 54,669.77
2 850.45 3.09 41.71 50,998.64
3 877.58 4.08 44.08 50,988.15

Mean 866.63 3.93 43.13 52,218.85

Standard
deviation 14.30 0.77 1.25 2122.56

2.4. Scanning Electron Microscope (SEM) and Micro-Hardness Test on the Fractured Surface

Using an optical microscope, the ZEISS Axio Scope A1 (ZEISS, Oberkochen, Germany)
was used to determine the microstructural morphologies of the titanium alloy samples
both before and following the micro-hardness studies and tensile test. The mounted
samples that were completed prior to micro-structuring are shown in Figure 2b. According
to Struers Application Notes on the metallographic preparation of titanium [7], Kroll’s
reagent was made with 100 mL of distilled water, 23 mL of hydrofluoric acid, and 46 mL
of nitric acid prior to light microscope observation. After being etched for ten to fifteen
seconds, the samples were dried, rinsed with clean tap water, and then sprinkled with
acetone. All recorded samples’ microstructures were examined using an optical microscope,
a ZEISS Axio Scope A1. The Vickers hardness micro-hardness test was carried out from the
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fractured point to the center of the tested tensile specimen. Two directions were considered,
namely, vertical and horizontal, making three indents equally spaced on each specimen.
The hardness test of the 3D-printed samples was carried out 20 µm away from the fracture
point, 420 µm away from the fracture and 840 µm away from the fracture. A minimum of
7 indentations were made on the polished surfaces of each sample using a 2942 mN load
with a dwell time of 10 s. The results for each indentation made on the 3D-printed samples
at various orientations were then recorded in Table 4.
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Figure 2. Image acquired during the CT scan of the tensile test bar, (a) 60◦ printing orientation, (b) 90◦

printing orientation and (c) 180◦ printing orientation.

Table 4. Micro-hardness results of 3D-printed tensile bar at various printing orientations.

60◦ 90◦ 180◦

Point 1 2 3 1 2 3 1 2 3

1 368.6 367.7 372.4 336.5 353.2 363.1 353.3 369.3 378.3
2 363.3 355.7 359.5 334.5 358.6 365.2 356.9 371.5 360.4
3 342 347.9 374.7 353.9 378.7 360.2 349.3 361.3 388.1
4 342.9 368 360.2 344.4 347 363.9 325.5 352.4 371.5
5 345.8 376.1 350.3 346 348.6 365.8 346.8 367.5 378.3
6 347.5 360.1 368.4 339.3 361.3 349.4 363.9 354.2 361.5
7 336.8 354 377.2 340.8 349 336.2 360.9 359.6 360.6

Average 349.6 361.4 366.1 342.2 356.6 357.7 350.9 362.3 371.2
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2.5. Surface Roughness Test

Through surface roughness experiments, the impact of Ti64ELI printed at different
orientations on volume characteristics was investigated. The specimens were set up in a
ZEISS LSM 900 materials confocal microscope specimen holder [19]. The surface roughness
values of the 3D-printed dog bone tensile test specimens were measured horizontally. After
selecting a 10× microscopic laser, the master grain was modified until the ideal value was
attained. The average of these measurements was used to calculate the surface roughness
values. Tables 5 and 6 include the examined samples’ results.

Table 5. Functional parameters of 3D-printed as-built samples at various orientations.

Parameters (mm3/mm2) 60◦ 90◦ 180◦

Peak material volume (Vmp) 0.002653 0.003239 0.002637
Core material volume (Vmc) 0.05266 0.05949 0.07094

Core void volume (Vvc) 0.0747 0.08053 0.09838
Valley void volume (Vvv) 0.007818 0.008489 0.008815

Table 6. Height parameters in micrometers at various printing orientations.

Parameters (µm) 60◦ 90◦ 180◦

Sq 55.99 60.26 57.78
Sa 43.68 46.44 45.28

3. Results and Discussion
3.1. Porosity Analysis

The results obtained from the CT scans of the 3D-printed builds at various printing
orientations are presented in Table 2 and Figure 2. The experimental data were acquired
before the tensile test was carried out. Initially the volume of material used to fabricate
the samples was measured, and it was found that 60◦ tensile bars have 930.87 mm3; this
further increased by 3.6% when using the 90◦ orientations. When evaluating 180◦ printing
orientated samples, it was observed that there was an increase in material volume of 3%
as compared to the 90◦ tensile bars. The current results demonstrate that each printing
orientation has an effect on the material used for fabrication. It was previously reported
that DMLS-produced parts are usually affected by two types of pores: gas pores and lack
of fusion pores [25].

In this study, the pores that were formed during the manufacturing of tensile test bars
printed at various orientations are being investigated. Similarly, a CT-scan was previously
carried out on a lattice sample manufactured using an EOS M280 system [30,32,33]. The
current study revealed that when 60◦ tensile bars were analyzed, it was found that the
volumes of pores were 0.005383 mm3. Furthermore, when 90◦ tensile bars were evaluated,
there was a decrease in the number of pores found in the sample of 32%. However, when
180◦ tensile bars were measured, there was an increase in the number of pores contained
in the samples, which was reported to be 0.005826 mm3. The current results demonstrate
that by using a 3D printing orientation of 90◦, the number of pores in the material can be
decreased, which will then contribute towards lower mechanical properties of the samples.
The percentage ratio of the samples at 60◦, 90◦ and 180◦ orientations were reported to be
0.000578, 0.00179 and 0.000585%, respectively.

3.2. Tensile Test

The results reported in Table 3 are graphically presented in Figure 3a–c. The tensile
test samples were experimentally tested. The results are the average of each of the three
specimens tested with standard deviations.
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(b) printing orientation of 90◦ and (c) printing orientation of 180◦.

The mechanical properties of as-built 3D-printed tensile specimens were evaluated
regarding yield strength, maximum force, and modulus of elasticity. The average mean
yield stress of 60◦ tensile bars was reported to be 764.12 MPa; this was further decreased by
3.96% when 90◦ tensile bars were assessed. Furthermore, 180◦ tensile bars were tested, and
it was reported that the maximum stress was 866.63 MPa. These results agree favorably
with previously test samples [19,34,35]. The study has revealed that the tensile strength at
yield with a 180◦ orientation exhibited higher mechanical properties as compared to 60◦ and
90◦ orientations. The maximum forces at 60◦, 90◦ and 180◦ were reported to be 42.90, 41.85
and 43.12 kN, respectively. The modulus of elasticity values of the samples were examined,
and it was found that 60◦ orientations had the highest modulus of 53,375.20 MPa. When
90◦ printing orientation was considered, we observed a lower modulus of 52,027.69 MPa,
which then increased to 52,218.85 MPa when using 180◦ printing orientation. The outcome
of this study demonstrates that the printing orientation has an influence on mechanical
properties. This confirms the results that were previously discussed as part of the porosity
analysis (Figure 2c), where 180◦ samples exhibited lower pores, which then contributed
towards the higher mechanical properties at yield stress.

3.3. Micro-Hardness and Micro-Structure

The micro-hardness value results reported in Table 4 are graphically presented in Figure 4.
Figure 5 displays the micro-hardnesses of three indentations at the fracture point and away
from the fractured zone. It was observed that 60◦ orientations exhibited a micro-hardness
value of 349.6, and this value was increased by 0.37% when a 180◦ orientation was measured.
The lowest HV value was observed with 90◦ orientations to be 342.2. Furthermore, the test
was carried out at 420 µm away from fracture point. It was discovered that samples with
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60◦ orientations had 361.4 HV, which further increased to 362.3 HV when 180◦ orientation
samples were measured. However, at 180◦ orientation, it was observed that samples had the
lowest HV of 356.6. Due to the presence of α’-martensite, it was reported that parts made
using the direct metal laser sintering technique had micro-hardness values of about 370 HV
(37.7 HRC) [36]. The micro-hardness was measured at 840 µm away from the fractured surface;
it was discovered that 60◦ orientations had 366.1 HV. This value further increased to 371.2 HV
when 180◦ printing orientation samples were tested. However, the lowest HV value was
observed to be 357.7 HV at a 90◦ printing orientation.
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The current results demonstrate that, as we move away from the fractured, point the
HV increases. The samples that showed the highest HV values were 3D-printed with 90◦

orientations, followed by 60◦ and 180◦ orientations. The results furthermore confirm that
there is an influence of printing orientation on mechanical properties, and the different
mechanical tests applied to samples contribute significantly towards the application of
that material. Similarly, the HV of Ti64ELI was tested previously, and the results compare
favorably [7].

Figure 6a–c shows a checkerboard pattern at 200 µm magnification. Due of the
high cooling rates during the LaserCUSING process, a totally acicular α’ martensitic
microstructure is indicated by a needle-like shape [37]. All of the samples have large
columnar grains that are aligned parallel to the layer’s growth (Figure 6a–c). The grains
can be recognized as earlier beta grains that had been epitaxially consolidated [35].
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3.4. The Effect of Printing Orientation on Volume Parameters and Surface Roughness Parameters

The above-mentioned test results are an attempt to determine the geometrical texture
of elements produced through powder bed fusion measured horizontally; see Figure 7.
Figure 8 and Table 5 show the distributions of the volume parameters for the 60◦, 90◦,
and 180◦ printing orientations. It was observed that the valley void volume (Vvv) of the
material at 60◦ orientations was 0.007818 mm3/mm2 and increased as the 90◦ orientations
were evaluated, to 0.008489 mm3/mm2.
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Similarly, it was observed that with a 180◦ orientation, the Vvv was closer to
0.008815 mm3/mm2. In order to characterize open surface pores, it makes sense to
utilize the valley void volume parameter, which is one of the members of the volume
parameter family, and represents the void volume per unit area. The peak material vol-
umes (Vmp) of the samples were evaluated, and it was found that with 60◦ orientation, a
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0.002653 mm3/mm2 was observed, which increased to 0.003239 mm3/mm2 for 90◦ orienta-
tions. A further decrease to 0.002637 mm3/mm2 for the 180◦ orientation was considered. As
such, the peak material volume is considered to have been greater with the 90◦ orientations
as compared to those for the 60◦ and 180◦ orientations. The material volume difference at
the real material ratio q% and real material ratio p% is represented by the core material
volume (Vmc). Quantifying the size of the core surface, diminished peaks, and diminished
valleys based on volume characteristics may also be done in this way.

The core material volume was estimated, and it was discovered that when applying
the 60◦ orientation, the Vmc was 0.05266 mm3/mm2, which increased by 11.48% for the
90◦ orientation. When using the 180◦ orientation, it was observed that the Vmc was
0.07094 mm3/mm2. It is worth noting that, as regards the Vmc measurement, the samples
that demonstrated higher properties were those with a 180◦ printed orientation. A further
crucial parameter to take into account is the core void volume (Vvc), which can be used
to quantify the magnitude of the reduced peaks and valleys based on volume parameters.
This represents the difference between the void volume at the real material ratio p% and
the void volume at the real material ratio q%.

The Vvc was observed to be 0.0747 mm3/mm2 for the 60◦ orientation, and this in-
creased to 0.08053 mm3/mm2 when the 90◦ orientation was evaluated. Furthermore, for
the 180◦ orientation, the Vvc was at its highest, at 0.09838 mm3/mm2.

According to earlier research, digital models can be placed on the building platform,
and the printing orientation significantly affects the surface texture quality [19,38]. Further-
more, Sq parameters were evaluated, and it was found that when using the 60◦ orientation
it was 55.99 µm, and increased by 7% when 90◦ orientations were considered. However,
when 180◦ orientation was tested, the Sq parameter was found to be 57.78 µm. The exten-
sion of Ra (the arithmetical mean height of a line) to a surface is known as the arithmetical
mean height (Sa). It represents the height difference between each point and the surface’s
arithmetical mean as an absolute value. The general purpose of this measure is to assess
surface roughness. In this study, it was observed that the Sa at 60◦ orientation was 43.68 µm.
It was further increased by 6% for the 90◦ orientations, as seen in Table 6. However, when
180◦ orientations were evaluated, it was found there was a decrease in the surface roughness
of the material to 45.28 µm.

3.5. Application of the Study, Comparison of Current Work and Experimental Results in Literature

Volume parameters and functional needs have shown a high correlation in several
applications [39]. Determining the extent of surface wear and degradation involves an-
alyzing the topography and roughness of the surface [40]. After analyzing the electron
beam melting (EBM) process and characterizing surface roughness, the authors discovered
that the mean roughness value (Ra) matched that in the literature on the EBM method [41].
The experimental examination of five tensile specimens fabricated from Ti-64 with varying
roughness profiles revealed that Ti-64 is very sensitive to the roughness’s amplitude and
direction [42]. Similarly, in this study, the as-built samples exhibited higher strength at yield
at the 180◦ orientation, and also exhibited higher mechanical properties as compared to the
60◦ and 90◦ orientations. The 3D surface texture parameters, which enable the evaluation
of 3D surface topography using XCT measurement data, were developed in addition to
several surface texture characteristics depending on the map of the surface height [43].
These three-dimensional surface parameters consist of feature parameters derived from
three-dimensional watershed segmentation, height parameters, hybrid parameters, and
volume parameters. When high laser power and low scan speed are combined, the area
of the melt pool rises, reducing the balling impact of particles surrounding the laser scan
track, and, as a result, this decreases the surface roughness of the top surface [25]. Titanium
and its alloys are among the materials that orthopedic and dental implants most commonly
employ [23,44].

However, because of its bioinert characteristics, Ti, like the majority of other metals, is
unable to osseointegrate with natural bone tissues to a significant degree. In particular, it
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has been shown that direct bonding between implants composed of titanium and natural
bone can be challenging [23,45,46]. Moreover, despite the promised future advantages of
3D printing technology, the surface quality of the as-printed Ti part is far too insufficient to
be successfully included as an implant material. As such, the current study proposed the
use of laser peening to enhance the surface roughness properties. Excess Ti particles close
to the energy beam scanning path will partially sinter during the melting process, which
will unavoidably result in the existence of stiff residues that are stuck to the substrate after
cooling. A health risk arises from any leftover powder that separates from the substrate
and enters the humoral system. According to a publication, the Ti powders may cause
osteolysis and bone resorption [19,47].

To encourage the process of osseointegration on the implant materials and, more
crucially, to eliminate any remaining powder from the substrate, post-treatments involving
surface modification are required following 3D printing. By using micro-CT analysis and
histomorphometry evaluation, it was possible to identify active new bone formation and
satisfactory osseointegration within the dental implants at the bone gap around them [9].
Compared to the marketed control samples, the Bio-ActiveITRI dental implants’ biome-
chanical metrics were much greater. Throughout the study, we have observed that each
mechanical test that was performed contributes differently to the printing orientation; this
is due to the printing direction or material used during manufacturing. Recent decades
have seen significant advancements in implant design and surface topography, leading to
high implant survival rates; yet, efforts to manage peri-implant bone loss remain.

Chemically changed implants demonstrate more removal torque and more bone-
implant contact than controls, especially on surfaces strengthened with Ca and Mg, even
though the Ra/Sa values were similar to the control group [20]. According to a survey [8],
it is challenging to determine whether commercially pure titanium or its unique b-phased
alloy is more advantageous in terms of surface roughness or corrosion resistance. Many
surface modification techniques [48], such as surface abrasion, have been used to investigate
the possibility of inhibiting or promoting bacterial adhesion and biofilm formation. A
dental implant’s surface charge results from interactions between the implant and the
aqueous environment in the mouth. It has been demonstrated that the implant’s surface
charge influences the development of osteoblastic cells, which are responsible for bone
production [49]. Prior research has demonstrated that implants with a somewhat rough
surface show improved osseointegration via a contact–osseogenesis pathway, while the
control implants’ smoother surface only integrates through distance osseogenesis [9].

4. Conclusions

The primary focus for enhancing implant performance is on producing titanium (Ti)
alloys and refining their surface. An investigation was conducted on the impact of 3D
printing orientation on the mechanical properties and volume parameters of the as-built
TI64ELI. The outcomes of the study are as follows:

1. The study showed that each mechanical test that was performed contributes differently
to the printing orientation, e.g., some test samples had better properties when 180◦

printing orientation was used, and others had poorer properties when 180◦ printing
orientation was used;

2. It was discovered that a printing orientation of 60◦ yielded 366.1 HV. This value further
increased to 371.2 HV when 180◦ printing orientation samples were tested. However,
the lowest HV value was observed to be 357.7 HV at a 90◦ printing orientation;

3. The core material volume (Vmc) was 0.05266 mm3/mm2 at 60◦ orientations, which
increased by 11.48% for the 90◦ orientations. Furthermore, it was observed that the
surface roughness (Sa) at the 60◦ orientation was 43.68 µm. This was further increased
by 6% when using the 90◦ orientations;

4. Hence, the study revealed that care should be taken when choosing a mechanical test,
as it will influence the application of the tested samples.
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