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Investigation into Effects of Scanning Speed on in Vitro Biocompatibility
of Selective Laser Melted 316L Stainless Steel Parts
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Abstract. In recent years, selective laser melting (SLM) has gained an important place in fabrication due to their
strong individualization which cannot be manufactured using conventional processes such as casting or forging. By
proper control of the SLM processing parameters, characteristics of the alloy can be optimized. In the present work,
316L stainless steel (SS), as a widely used biomedical material, is investigated in terms of the effects of scanning
speed on in vitro biocompatibility during SLM process. Cytotoxicity assay is adopted to assess the in vitro
biocompatibility. The results show the scanning speed strongly affects the in vitro biocompatibility of 316L SS parts
and with prolongs of incubation time, the cytotoxicity increase and the in vitro biocompatibility gets worse. The
optimal parameters are determined as follows: scanning speed of 900 mm/s, laser power of 195 W, hatch spacing of
0.09 mm and layer thickness of 0.02 mm. The processing parameters lead to the change of surface morphology and
microstructures of samples, which can affect the amount of toxic ions release, such as Cr, Mo and Co, that can
increase risks to patient health and reduce the biocompatibility.

1 Introduction
With an increased demand for fast and less expensive
product development, rapidly manufacturing parts from
metal powders without moulds becomes more and more
desirable [1,2]. Additive manufacturing (AM) has
received great attention over the past decade
[3],[4],[5].AM by selective laser melting (SLM) is an
advanced manufacturing process which uses lasers to
melt metal powders one layer at a time to produce
components from 3D CAD models, as shown in Fig. 1.
The process is suitable to manufacture complex parts
which cannot be manufactured using conventional
processes such as casting or forging. The process of
selective laser melting is a potential manufacturing route
for biomedical parts, aero applications, and dental
prostheses
[6].
Compared
with
other
biomedical metallic materials, 316L stainless steel (SS)
has been widely used for biomedical material to make
artificial joints, bone plate and bone screw and other
medical devices due to its outstanding mechanical
properties, corrosion resistance and low price [7,8]. The
process has been successfully demonstrated [6] to
manufacture 316L SS parts. Some investigation about the
mechanical properties and corrosion resistance of 316L
SS parts has been reported [9, 10]. However, the release
of potential toxic ions such as Cr, Ni and Mo, in 316L
parts manufactured via the SLM route, prevents its use

for applications in dental prostheses, which also increases
risks to patient health. Therefore, during the SLM process,
the researchers can determine the input parameters to get
the desired product quality in time to meet the needs [11].
The properties of SLM shaped parts are influenced by the
process parameters, such as the scanning speed, the laser
power and the scanning distance [12, 13]. The influence
of processing parameters on the microstructure and
mechanical properties of the final parts for different
materials has been studied [14–20]. The parameters of
SLM stainless steel have been optimized and evaluated in
some studies. Riemer etal. [21] have been studied the
fatigue crack growth behavior of SLM 316L stainless
steel. The feasibility of the preparation of cellular lattice
structure of SLM stainless steel has been studied by Yan
et al. [22]. Li etal. [23] have studied the optimization of
four process parameters: laser power, scanning speed,
scanning spacing and layer thickness, to obtain compact
specimens. Laser melting and numerical simulation of
316L powder have been used to evaluate the influence of
laser power, scanning speed and beam size on the melting
zone and the phenomenon of the ball performed by
Antony etal. [24]. Hence, effects of scanning speed on in
vitro biocompatibility of 316L SS parts manufactured via
SLM are experimentally investigated in this study.
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Figure 1. Schematic diagram of SLM process
Figure 3. SEM of 316L powder

2 Materials and methods
The material used in our experiments is 316L stainless
steel powder (size range from 24μm to 59μm, the mean
particle size 38μm), manufactured via gas atomization, as
shown in Fig. 2 and Fig. 3. The specification and actual
composition of the alloy are shown in Table 1. Based on
the information provided by the supplier, this powder is
recommended in medical field and has a reported a
tensile strength of 590–690 MPa in horizontal direction
and 485–595 MPa in vertical direction, a yield strength of
470–590 MPa in horizontal direction and 380–560 MPa
in vertical direction, Young’s modulus of typical 185
GPa in horizontal direction and 180 GPa in vertical
direction, elongation at break of typical 25–55 % in
horizontal direction and 30–70 % in vertical direction,
and hardness of typical 85 HRB when standard SLM
building parameters and strategies are used.In order to
avoid the test errors, 15 cylindrically-shaped samples (10
mm diameter and 10 mm thickness, as shown in Fig. 4)
are manufactured by EOS M280 (Fig. 5) and divided into
five groups. The processing parameters are: scanning
speed (v) of 800 mm/s, 900 mm/s, 1050 mm/s, 1100
mm/s, 1200mm/s, laser power (P) of 195 W, hatch
spacing (h) of 0.09 mm and layer thickness (d) of 0.02
mm. All samples are cleaned in ultrasonic bath with
acetone (15 min), ethanol (15 min) and distilled water (3
min) and then dried in open air. All samples are sterilized
in autoclave for 20 min. Five group samples are
immersed in 15ml centrifuge tube at a ratio of 3:1 volume
of DMEM supplemented with 10% fetal calf serum to
surface area of the specimens for 72h at 37 ć
environment. After 72h, the samples are token out from
the DMEM.

Figure 4. Cylindrically-shaped samples

Figure 5.EOS M280
Table 1. Composition of 316L stainless steel powder.
Grade 316L

C

Cr

Ni

Mo

Mn

Si

P

Wt%

0.030

16.97

13.11

2.35

2.00

0.75

0.025

S

Fe

0.010 Balance

In our study, cytotoxicity assay is adopted to assess
the in vitro biocompatibility of 316L SS parts.
Cytotoxicity assay is performed by using a CCK-8 assay

Figure 2. SEM of 316L powder
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vitro biocompatibility of 316L SS parts manufactured via
SLM gets worse. 2) processing parameters: scanning
speed of 800 mm/s, laser power of 195 W, hatch spacing
of 0.09 mm and layer thickness of 0.02 mm, is not
suitable for the manufacture of biomedical parts.
As shown in Fig. 6, the scanning speed has strong
effects on the in vitro biocompatibility of 316L SS. The
main reasons for the use of 316L SS are its low cost,
good machining performance and mechanical properties.
The increasing use of this metallic alloy in the medical
field has led to an enormous amount of studies related to
health. However, clinical experience has revealed that
metal ions, which are released from dental restorations,
can provoke systemic and local allergic reactions. In
addition, these metal ions may also have an adverse effect
on adjacent oral soft tissues and nearby alveolar bone.
The severe and prolonged processes can lead to failure of
the implant. Nickel ǃ Chromium ǃ Molybdenum have
been found to be the main elements resulting from
dissolution of 316L SS alloys. Yamamoto et al. [25] have
been established the sequence from the highest toxic
element to the lowest toxic element as being: Ni >Cr>Mo
for L929 cells. Particularly, Ni3+ undergoes mitochondrial
redox metabolism and leads to intermediate reactive
oxygen radical formation, which is toxic for the cell.
Contrary to a relatively low nickel ion concentration, a
higher concentration lead to in vitro cell death and the
integrity of a fibroblast monolayer loss, which affect
cellular metabolism. In fact, this element can cause
allergic sensitization especially in females according to a
report that indicate 30% of women had skin allergy to
objects containing nickel. The presented in vitro
biocompatibility data shows that the scanning speed has
strong effects on the in vitro cytotoxicity whereas has no
significant effects on the hemolysis. Extensive in vitro
studies [26-28] have suggested that metallic dental
restorations release metal cations due to corrosion and
316 L SS is always accompanied by corrosion problems.
It is reported that microstructure might, in fact,
significantly influenced corrosion, that is to say,
significantly influenced biocompatibility [29]. Material
degradation of stainless steels begins whenever they
experience temperature in the range 450-800 °C. After
sufficient time at temperature, intermetallic compounds
(principally Cr carbides) precipitate in grain boundaries
and (later) inside the grains as well. This precipitation
creates a condition known as sensitization that ruins
corrosion resistance [30]. However, the detailed
mechanism is still under investigation. The further study
will focus on detection of toxic ion (including ion type
and amount of release) and the effects of processing
parameters (including power, scanning speed, and
scanning strategy) on surface morphology, such as
porosity, density and dislocation.

to evaluate the HEK 293T cells. HEK 293T cells are
digested with trypsin and seeded at 2000 cells/well into a
96-well culture plate containing the DMEM medium, and
cultivated in a 5% CO2 humidified environment at 37 ć
for 24h, then the original culture solution is removed
when cells are growth attached to the wall. Each well is
washed with phosphate buffer solution (PBS), and then
the solution of the five group samples are added, and two
groups are provided with DMEM culture medium as the
control groups. The cell inhibition rate (CIR) is examined
using CCK-8 after 24h and 72h of cell culture, which
shows a positive correlation with the cytotoxicity of 316L
SS parts. Microplate reader is used to test the optical
density (OD) of each solution. The CIR is calculated by
the following equation:

&,5





( 2'
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(1)

where EOD indicates the OD of experimental groups, COD
indicates the OD of control groups.

3 Results and conclusions

Figure 6. Inhibition rate of HEK 293T cells after 24h and 72h

Fig.6 shows the CIR after 24h and 72h. After 24h, the
highest cytotoxicity in the solution (scanning speed of
800 mm/s) is obtained, the CIR is 49.82%. For the
scanning speed of 900 mm/s, the CIR of the solution is
3.05%, which is the lowest cytotoxicity of five groups.
As the scanning speed increases, the cytotoxicity in
corresponding solutions are various, and 15.21%, 13.04%,
and 30.11% of the CIR are for the cases of 1050 mm/s,
1100 mm/s and 1200mm/s, respectively. The
experimental data shows that the scanning speed strongly
affects the cytotoxicity of the 316L SS parts. The
inhibition rate of HEK 293T cells in different solutions
after 72h is also investigated. The CIR in solutions are
59.92%, 38.53%, 38.86%, 36.60% and 44.38% for the
cases of 800 mm/s, 900 mm/s, 1050 mm/s, 1100 mm/s
and 1200mm/s. The experiments shows that: 1) after 24h,
the lowest cytotoxicity is obtained (scanning speed of 900
mm/s), while the highest value is CIR 49.82% (scanning
speed of 800 mm/s); and 2) after 72h, the lowest and
highest value of cytotoxicity is CIR 36.60% (1100 mm/s)
and 59.92% (800 mm/s). It is found that: 1) with prolongs
of incubation time, the cytotoxicity increase. And the in
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