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ABSTRACT

Objectives: To explore the in vitro cytokine expression of human peripheral blood mononuclear cells exposed to cobalt-
chromium alloys, manufactured with different techniques, in comparison with commercially pure titanium grade 4 and
titanium alloy grade 23.

Material and Methods: Peripheral blood mononuclear cells (PBMC) were collected from 10 healthy blood donors and
exposed to machine-ground coin-shaped: (a) cobalt-chromium (Co-Cr) specimens (n = 5) manufactured by four techniques,
i.e. cast, milled, laser melted and presintered milled; (b) commercially pure titanium grade 4; and (c) titanium alloy grade 23.
The cells were cultured for 4, 24 and 72 hours followed by investigations of pro- and anti-inflammatory cytokine release using
Bio-Plex Pro™.

Results: In general, the PBMC produced significantly more cytokines when exposed to the cast and presintered milled Co-Cr
materials compared to laser melted, milled Co-Cr and titanium materials.

Conclusions: Within the limitation of the present study, it may be suggested that cast and presintered milled cobalt-chromium
alloys provoke a stronger inflammatory response compared to milled and laser melted cobalt-chromium alloys and titanium
materials.
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INTRODUCTION

Cobalt-chromium (Co-Cr) alloys are being used in
the rehabilitation of partially dentate and edentulous
patients. In a publication from 2017 it was reported
that more than 30 different Co-Cr alloys were used
in Sweden for this purpose [1]. Except for variations
in composition among the used alloys, they are also
manufactured by different techniques, i.e. cast, milled,
laser melted and presintered milled [1].

A recent in vitro study investigating the ion release
from four different Co-Cr alloys demonstrated a
higher ion release from cast and presintered milled
Co-Cr as compared to milled and laser melted alloys
[2]. Furthermore, a higher cell viability to cast Co-
Cr compared to titanium alloy grade 23 (Ti-6Al-
4V ELI [extra low interstitial]) was reported [2].
It has been discussed that ion release may initiate
an inflammatory response that further activates
the host’s immune system [3,4]. The inflammatory
response initiates the infiltration of neutrophils and
later monocytes and lymphotic cells in the affected
area [4]. It has been suggested that an activated
inflammatory response may lead to tissue destruction
around the implant [5]. In vitro studies have
demonstrated that titanium (Ti) ions form particles
which have been associated with the stimulation
of macrophages that release interleukins (IL)-1p,
known for their involvement in bone resorption
[6]. In the orthopaedic field, it has been shown
that cobalt (Co) ions and particles that are released
from orthopaedic implants can be absorbed by
macrophages which induce a type IV hypersensitivity
reaction [7,8]. Both T-lymphocytes and B-cells (to
a lesser extent) are involved in the production of
inflammatory mediators, such as cytokines, that
regulate the inflammatory phase [9]. Pro- and anti-
inflammatory cytokines, i.e. the interleukins IL-1,
IL-6, IL-4 and tumour necrosis factor-a (TNF-a),
play a central role in the inflammatory reaction
[10,11]. The complex interplay between pro- and
anti-inflammatory cytokines in an inflammatory
process is not fully understood [11]. While the pro-
inflammatory cytokines usually act as the dominating
mediators for the inflammatory response, the anti-
inflammatory cytokines inhibit their release and
may cause a weakened inflammatory response
[11]. When the phagocytosis of the macrophages
fails to eliminate the ions, the macrophages release
cytokines, i.e. IL-1, IL-6, TNF-a and prostaglandin
[7]. The pro-inflammatory cytokines IL-1 (ro and
B) and TNF-a have also been shown to stimulate
bone resorption and are generally classified as key
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pro-inflammatory proteins [7,12,13]. In two other
in vitro studies, high levels of proinflammatory
cytokine release (IL-1B3, IL-6, IL-8 and TNF-a) were
demonstrated when human monocyte cell lines (THP-
1) were exposed to Co-Cr-Mo particles (derived
from orthopaedic implants), as well as cobalt-
chromium-molybdenum (Co-Cr-Mo) and Ti ions
[14,15].

The surface roughness of Co-Cr and titanium has been
shown to influence the ion release and inflammatory
response [2,16]. In another in vitro study related
to the present topic, it was shown that the rough
surface created by anodized and fluorinated oxide
with nanotubes of titanium grade 4, demonstrated
reduced pro-inflammatory cytokine expression of
IL-1 B, IL-6 and TNF-a, compared to the smoother
surface of titanium grade 4 [17]. However, in another
study no statistically significant differences were
reported in cytokine expression (TNF-o and IL-
10) when comparing different modified surfaces of
commercially pure titanium grade 3 [18].

Metal ions may act as initiators for osteolysis and
aseptic loosening of an orthopaedic implant [19,20]. A
previous in vitro study simulating the clinical situation
of a dental implant connected to a supra-construction
made of Co-Cr alloys demonstrated a lower total
ion release when commercially pure titanium grade
4 (CpTi4) and Co-Cr were simultaneously present,
as compared to Co-Cr solely [2]. Another in vitro
study investigating implant supra-constructions
concluded that the lower metal ion release from
platform-switched supra constructions, compared to
platform-matched, resulted in a decreased expression
of pro-inflammatory cytokines (IL-6 and IL-8) and a
reduced marginal bone loss for the platform-switched
compared to platform-matched supra constructions
[21-23]. However, the immune response to metal ions
is a complex process not fully understood [19].

The aims of the present in vitro study were to
examine cytokine release from human peripheral
blood mononuclear cells exposed to cast, milled, laser
melted, and presintered milled cobalt-chromium used
in fixed prosthodontics compared to commercially
pure titanium grade 4 and titanium alloy grade 23 with
a known surface roughness.

The null hypothesis was that there are no differences
in cytokine release regardless of material.

MATERIAL AND METHODS

This study involved five Co-Cr alloys manufactured
with four different techniques: cast, milled, laser
melted, and presintered milled (Table 1) [1]:
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Table 1. Technical information of the specimens

Manufacturing technique Tradename Composition (%)

Cast! Wirobond 280® (W280) Co=60.2;Cr=25;Mo0=4.8;W=6.2;Ga=2.8;Si<1;Mn<1
Cast! Remanium® Star (Rc) Co=060.5;Cr=28;Si=15W=9;Mn<1;N<1;Nb<1
Milled? Remanium® Star MDII (Rm) -

Laser melted® Remanium® Star CL (Rlm)

Presintered milled* Zirkonzahn® Sintermetall (Zz)

Co=62t068;Cr=26t030; Mo=5t07; N<0.5;C<0.5

Cold drawn CpTi4

C<0.0I;N<1;0=0.33; Fe=0.08; H=0.01; Ti balance

Ti-6Al-4V ELI

Drawn, annealed

Al=15.961t0 6.05; V=4.111t04.02; Fe=0.14 t0 0.17; C = 0.008 to
0.009; N =0.004 to 0.005; O=01t00.12; H=0 to 0.0018; Ti balance

IThe cast specimens; W280 and Rc were cast by an experienced dental technician at the Dental Laboratory Technology in the Institute of
Odontology, University of Gothenburg, Sahlgrenska Academy, Sweden, according to the manufacturer’s recommendation.

2Processed by Kullberg Mikroteknik, Lycke, Sweden.
*Received prepared from the manufacturer.

“Final sintering at Siffle Dental AB, Siffle, Sweden. Processed by Kullberg Mikroteknik, Lycke, Sweden.

ELI = extra-low interstitial.

e Cast Wirobond 280® (W280) (BEGO; Bremen,
Germany);
e Cast Remanium® Star (Rc) (Dentaurum GmbH &
Co. KG; Ispringen, Germany);
*  Milled Remanium® Star MDII (Rm) (Dentaurum
GmbH & Co. KG);
+ Laser melted Remanium®
(Dentaurum GmbH & Co. KG);
e Presintered milled Zirkonzahn® Sintermetall (Zz)
(Zirkonzahn S.R.L.; Gais, South Tyrol, Italy).
The laser melted Co-Cr specimens were received
prepared from the manufacturer. The milled Co-Cr
and titanium (CpTi4 and Ti-6Al-4V ELI) specimens
were processed and finalized at a local milling center.
As for the presintered milled Co-Cr specimens, they
were received in a presintered “soft” state and the
finalizing milling and sintering process was performed
at a dental laboratory. Only the cast specimens
were prepared “in house” by an experienced dental
technician. Commercially pure titanium grade 4
and Ti-6Al-4V ELI were included for comparison
(Table 1) [1].
Five disc-shaped specimens, with a diameter of 8
mm and a thickness of 2 mm of each material, were
ground on both flat sides with silicon carbide (SiC)
grinding paper 320 to 1200 grit size (Struers A/S;
Ballerup, Denmark), using wet-grinding equipment
(EXAKT Apparatebau GmbH & Co. KG; Norderstedt,
Germany). The post-grinding cleaning process
included:
¢ 10 minutes in an ultrasonic bath at 60 °C, in
mixture of 1% Extran® AP 15 (Merck KGaA;
Darmstadt, Germany), and 99 % deionisized ultra-
pured water.
* Rinsing in deionized ultrapure water for 30
seconds.

Star CL (Rlm)
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» Followed by air drying and packing in a sterile
bag (Wipak Oy; Helsinki, Finland).

Cell culture

Bufty coats were obtained from 10 anonymous healthy,
volunteer blood donors at the Sahlgrenska University
Hospital in Gothenburg, Sweden, between the 20"
of March and the 4™ of May, in 2018. Peripheral
blood mononuclear cells (PBMCs) were isolated by
Ficoll-Paque PLUS (GE Healthcare Bio-Sciences
AB; Uppsala, Sweden), washed twice in phosphate-
buffered saline (PBS) and resuspended in Dulbecco’s
modified Eagle’s medium + GlutaMAX-1™ (Gibco,
Life Technologies; Paisley, UK) supplemented with
5% heat inactivated human serum type AB (Sigma-
Aldrich; St. Louis, Missouri, USA), penicillin (100 U/
mL - Sigma-Aldrich), and streptomycin (100 Ig/mL
- Sigma-Aldrich). Cells were seeded at 2 x 106 cells
per well with or without test material in 24-well plates
and cultured at 37 C in a humidified atmosphere with
5 % CO,. Supernatants were collected after 4, 24, and
72 hours of incubation and kept at minus 80 ‘C until
further use.

Cytokine analysis

Cytokine concentrations in the culture supernatants
were measured by Luminex® xMAP® Technology
(Luminex Crop.; Austin, Texas, USA) using the
commercially available 21-plex and 27-plex screening
panels of the Bio-Plex Pro™ Human Cytokine Assay
(Bio-Rad Laboratories Inc.; Hemel Hempstead, UK)
according to the instructions from the manufacturer.
In brief, samples were thawed and centrifuged
at 1000 x g for 10 minutes at 4 °C and added
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to a 96-well plate (Bio-Rad Laboratories Inc.,)
prepared with color-coded magnetic beads conjugated
with capture antibodies. After 45 min of incubation,
followed by a washing procedure, biotinylated
detection antibodies were added and allowed to bind
for 30 min. After another washing step, streptavidin-
conjugated phycoerythrin was added and, after a final
washing procedure, quantitative data were acquired
by running the samples through the BioPlex® 200
instrument. All washing procedures were performed
using the Bio-Plex Pro™ Wash Station (Bio-Rad
Laboratories Inc.) and the program indicated in the
assay protocol for each step. Analysis and calculations
were made using the BioManager analysis software
version 6.0 (Bio-Rad Laboratories Inc.) [12], with
MountainsMap Premium 7.4.16 software (Digital
Surf; Besancon, France).

Surface roughness analysis

Three disc-shaped specimens (size and cleaning
procedure as described above) from each material
were randomly selected and examined regarding
surface topography with an optical interferometer

(smartWLI-extended - GBS; Ilmenau, Germany). Five

randomly selected regions/specimen were measured

i.e. in total a mean number of 15 measurements

per material. High-pass Gaussian filter 50 x 50

um was utilized to separate roughness from errors

of form and waviness [24]. According to previous
recommendations, three surface parameters were

calculated [24]:

* S, (um) - the average height deviation of each
point compared to the arithmetical mean of the
surface.

¢ S, (I/um* - the density of the summits, i.e.
number of summits per area.

* S, (%) - the developed interfacial area ratio; the
percentage of the definition area’s additional
surface area contributed to the texture as
compared to the planar unit definition area.

The surface evaluation was performed with

MountainsMap Premium 7.4.16 software.

Statistical analysis

The statistical analysis for cytokine levels included
Friedman’s non-parametric test and Dunn’s multiple
correction test for post-hoc testing. The One Way
ANOVA test was used for analysing surface properties
and the Tukey test was applied for pairwise post-
hoc testing [25]. Parametric data were expressed as
mean and standard deviation (SD). Data processing
was performed using GraphPad Prism version 9.1.0
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software (GrapdPad Software Inc.; La Jolla,
California, USA) and SPSS version 27 (IBM Corp.;
Armonk, New York, USA). The significance value
level was set to P < 0.05.

RESULTS
Cytokine analysis

The results from the multiplex cytokine release test
are visualized in the heat map in Figure 1. In general,
four hours of incubation did not reveal any major
differences between the materials. However, Zz
demonstrated seemingly greater cytokine levels of
IL-4 and IL-8 after 4 h.

Overall, the milled, laser melted Co-Cr and both
titanium materials (CpTi4 and Ti-6Al-4V ELI)
demonstrated lower levels of cytokine release
(pro- and anti-inflammatory) compared to cast
and presintered milled Co-Cr alloys. The levels of
cytokine release for the milled, laser melted Co-Cr
and titanium specimens, reached a similar level as the
controls (cells without any specimen).

After one and three days, the pattern changed and
higher cytokine levels were observed for the cast

Co-Cr

Titanium

4 hours 1 day 3 days

Figure 1. The columns from the heat map represent the specimen
material (and control) and the rows represent the cytokine
expression profiles from exposed (and non-exposed) peripheral
blood mononuclear cells after three days of incubation.

The colour codes symbolize the mean levels of cytokine release
from supernatants obtained from 10 anonymous healthy donors:
red = high; black = intermediate; green = low.

Co-Cr = cobalt-chromium; W280 = Wirobond 280%; Rc =
Remanium® Star; Rm = Remanium® Star MDII; Rlm = Remanium®
Star CL; Zz = Zirkonzahn® Sintermetall; CpTi4 = commercially
pure titanium grade 4; Ti-6Al-4V = titanium alloy grade 23.
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Co-Cr and presintered milled compared to the
other Co-Cr materials. Except for IL-Ira and IP-
10, lower cytokine level release could be observed
from CpTi4 and Ti-6Al-4V ELI after three days
compared to the CoCr materials. Thus, after both
one and three days, the highest cytokine levels were
observed for the cast Co-Cr and presintered milled
Co-Cr specimens whereas the other Co-Cr alloys, as
well as CpTi4 and Ti-6Al-4V ELI, presented very
low levels. The expression of pro-inflammatory
cytokine levels from day three was selected for the
statistical analysis. At the first registration (4 h),
low cytokine levels were detected from all cells that
were exposed to the materials tested, except for the
expression level of RANTES that was upregulated,
P > 0.05 (Figures 1, 2, 3). Low levels were observed
for the controls of all materials, except for RANTES
and IP-10 where the level decreased (for RANTES)
and increased (for IP-10), but the differences were
not statistically significant, P > 0.05. Statistically
significant higher cytokine levels were observed for
the following pro-inflammatory cytokines: IL-1p,
IL-6, IL-8, IL-17, IFN-y, and TNF-o when exposed
to the cast specimens compared to milled, laser
melted, and both groups of titanium specimens,
P < 0.05 (Figure 2). A higher value was also observed
for the anti-inflammatory cytokine release of IL-4
when exposed to the cast (W280) as compared
to milled and laser melted Co-Cr specimens, P <
0.05. Moreover, a higher expression level of anti-
inflammatory cytokines (IL-4, IL-10, IL-12, IL-ra)
for both cast Co-Cr specimens, compared to CpTi4,
P < 0.05, was shown (Figure 3). Also, increased pro-
inflammatory cytokine levels (IL-1B, IL-17, IFN-y
and TNF-o) and anti-inflammatory cytokines (IL-4,
IL-12) were shown for the presintered milled Co-Cr
specimens compared to the milled and laser melted
Co-Cr specimens, P < 0.05. No difference in pro-
and anti-inflammatory release was observed between
the titanium specimens (CpTi4 and Ti-6Al-4V ELI),
P>0.05.

Surface roughness analysis

The results demonstrated extremely small statistically
significant differences in surface roughness among the
specimens. Range of difference: S = 0.02 to 0.03 pm,
S,= 0.9 to 1.6 %, S, = 0.03 to 0.05 1/um>. Slightly
higher S_and S, values for the milled and presintered
milled Co-Cr specimens and CpTi4, compared to
the cast and laser melted Co-Cr specimens, P <
0.05. Commercially pure titanium grade 4 presented
higher S, values compared to Ti-6Al-4V ELI, P <
0.05. However, all Co-Cr specimens (except for the
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presintered) demonstrated higher S, values compared
to Ti-6Al-4V ELI, P <0.05.

DISCUSSION

In summary, the results from the cytokine release test
demonstrated that cast and presintered milled Co-Cr
specimens initiated higher cytokine levels compared
to milled, laser melted Co-Cr and titanium (CpTi4, Ti-
6Al1-4V ELI) specimens.

As has been previously reported in the literature,
the surface roughness may affect the inflammatory
response to a material [2,17,26]. To avoid the
possible impact of surface parameters in our results,
we prepared the surfaces of the specimens according
to a standardized protocol. Although the mean range
difference in surface roughness was extremely small,
a slightly rougher surface (S,, S;) was observed for
the milled and presintered Co-Cr specimens compared
to cast and laser melted Co-Cr specimens (P < 0.05).
In a previous study by our research group, it was
demonstrated that cast Co-Cr specimens showed
higher ion release compared to the milled Co-Cr,
although no statistically significant differences in
surface roughness could be observed among them
[2]. In another publication investigating surface
roughness on the nanoscale, a rougher surface for the
laser melted Co-Cr compared to cast, milled, and laser
sintered Co-Cr was demonstrated [27]. With respect
to the limited literature regarding surface roughness
parameters to Co-Cr in relation to inflammatory
response to monocytes, we concluded that the small
differences in surface roughness among the materials
were negligible [28,29] (Table 2).

The results from the present study demonstrated that
the cast Co-Cr (Rc) specimen provoked a higher pro-
inflammatory cytokine release as compared to the
other alloys. Although small amounts of Mo (in W280
and Zz), Si (in W280 and Zz) and Mn (in W280 and
Rc) are added to improve the mechanical properties of
Co-Cr alloys, no general conclusion between included
elements and inflammatory response could be drawn
[30,31] (Table 1).

According to the previous literature, the cast Co-Cr
releases a higher amount of ions compared to laser
melted Co-Cr [2,32-34]. It has been suggested that
ion release provokes an up- and down- regulation
of inflammatory regulators that may cause tissue
destruction around dental or orthopaedic implants
[7,21,35,36]. In a study investigating metal ions and
cytokine expression in saliva from patients with oral
lichen planus and dental prostheses, demonstrated a
positive correlation between IL-1B and Cr ions [37].
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Figure 2. Pro-inflammatory cytokine production by peripheral blood mononuclear cells exposed to cast (W280, Rc), milled (Rm), laser melted (Rlm), presintered (Zz) Co-Cr and titanium (CpTi4, Ti-6Al-4V)
after three days. W280 = Wirobond 280%; Rc = Remanium® Star; Rm = Remanium® Star MDII; Rlm = Remanium® Star CL; Zz = Zirkonzahn® Sintermetall; CpTi4 = commercially pure titanium grade 4.
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Figure 3. Anti-inflammatory cytokine production by peripheral blood mononuclear cells exposed to cast (W280, Rc), milled (Rm), laser
melted (Rlm), presintered (Zz) Co-Cr and titanium (CpTi4, Ti-6Al-4V) after three days.

Co-Cr = cobalt-chromium; W280 = Wirobond 280%; Rc = Remanium® Star; Rm = Remanium® Star MDII; RIm = Remanium® Star CL;
Zz = Zirkonzahn® Sintermetall; CpTi4 = commercially pure titanium grade 4; Ti-6Al1-4V = titanium alloy grade 23.

Table 2. Results of surface

analysis: S, S, and S

S, (um) S, (%) S,, (1/pm?)
Mean (SD) | Mean (SD) | Mean (SD)
Wirobond 280® 0.13 (0.06) 4.2 (0.4) 0.22 (0.02)
Remanium® Star 0.13 (0.01) 4.7 (0.7) 0.23 (0.04)
Cobalt-chromium | Remanium® Star MDII 0.15(0.01) 5.8(0.7) 0.23 (0.04)
Remanium® Star CL 0.13 (0.02) 4.8 (0.3) 0.23 (0.04)
Zirkonzahn® Sintermetall | 0.15 (0.01) 5.8(0.3) 0.21 (0.02)
L. CpTid 0.16 (0.03) 52(1.4) 0.19 (0.01)
Titanium
Ti-6Al-4V 0.14 (0.01) 3.8(0.3) 0.21 (0.01)

Mean range differences: S, = 0.009 to 0.01um, S, = 0.1 t0 0.7 %, S, = 0.01 to 0.02/um?* P < 0.05.
SD = standard deviation; CpTi4 = commercially pure titanium grade 4; Ti-6Al-4V = titanium alloy grade 23.
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The latter finding was confirmed in the present study,
where the IL-1B cytokine was upregulated when
cells were exposed to the cast and presintered Co-
Cr specimens. It should be noted that comparisons
between these studies must be made with caution
since ion release in in vivo conditions may be
influenced by dietary intake, saliva composition, and
the contents of prostheses’ alloy that were not fully
declared [37,38].

In cases where the Co-Cr supra-constructions are
retained on the implant platform without an abutment,
Co-Cr is located deep in the sulcus and may interact
and cause a reaction in the periimplant mucosa. Both
tooth- and implant-supported supra-constructions
manufactured by Co-Cr are, to some extent, exposed
to the oral cursive as well as the mucosa, and may
release metal ions [2,21,33]. This may induce an
inflammatory response with the upregulation of
cytokine mediators that may lead to bone destruction
around an implant [6,21]. However, further research is
needed to determine the role of the material and the
specific cytokines in the mechanisms of inflammatory
bone loss around dental implants as well as the
interplay with bacteria [6,8,39,40].

Within the limitations of the present study, the results
showed a general upregulation of the pro- and anti-
inflammatory cytokines to the cast Co-Cr compared
to the laser melted. Both titanium materials (CpTi4
and Ti-6Al-4V ELI) demonstrated similar cytokine
expression levels as the laser melted Co-Cr. The
upregulation of cytokine level was not as prominent
for the anti-inflammatory cytokines as for the pro-
inflammatory cytokines (Figure 2 and 3). In the
previous literature, the majority of the studies that
have investigated the inflammatory response to
implants are related to analyses of pro-inflammatory
cytokines [3,6,10,14,15,17,20,21,26,37,41,42 The
present study classifies IL-4 as an anti-inflammatory
cytokine that may contribute to inhibit bone resorption
[8,36,43]. In other studies IL-4 has been classified as
a pro-inflammatory or adaptive immunity cytokine
[11,12,26,44]. It has been proposed that IL-4 should
be defined as a pleiotropic (polyfunctional) cytokine
that acts both as an inhibitor and enhancer for the
expression of mediators to osteoblasts, osteoclasts,
fibroblasts, and inflammatory cells [8,45]. The
multiple roles of specific cytokines display the
variety and complexity of ways to understand the
inflammatory response.

Furthermore, an increased ion release from cast
Co-Cr compared to the laser melted, that has been
demonstrated in an earlier publication, may also
contribute to the upregulation of cytokines [2]. The
microstructure of a material is another factor that may

http://www.ejomr.org/JOMR/archives/2021/4/e3/v12n4e3ht.htm

affect the ion release and thereby the inflammatory
response [32]. Studies have demonstrated that laser
melted Co-Cr specimens showed smaller grain
size and a more homogeneous and dense structure
compared to the cast Co-Cr specimens [46-53]. It has
been demonstrated that a rapid cooling and strong
temperature gradient in the manufacturing process
of laser melted Co-Cr resulted in a more corrosion-
resistant microstructure as compared to the procedures
of the casting technique [32]. It may be suggested
that microstructural differences between laser melted
and cast Co-Cr alloys regarding (a) the non-presence
of segregation of Co and Cr in laser melted Co-Cr
alloys, and (b) the type of secondary phases, results in
a decreased ion release from laser melted Co-Cr alloys
compared to cast Co-Cr alloys [2,48,54].

In order to further understand the microstructural
factors that may contribute to differences in ion
release and subsequent cytokine levels between the
materials, more research is needed.

Despite the limitations of the present study, the
significance of basic research is that it contributes to
an increased understanding of the potential cellular
effects of metal-based dental prostheses.

In summary, it can be concluded that an upregulated
inflammatory response was mainly observed to the
cast Co-Cr alloys. Laser melted Co-Cr and titanium
(CpTi4 and Ti-6Al-4V ELI) demonstrated a similar
inflammatory response, but one that was lower
compared to cast Co-Cr.

The null hypothesis was rejected since the cytokine
release among the cells exposed to the different
materials differed, P < 0.05.

CONCLUSIONS

Within the limitations of the present study, it may
be suggested that cast and presintered milled cobalt-
chromium alloys provoke a stronger inflammatory
response compared to milled and laser melted cobalt-
chromium alloys and titanium materials.
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