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Abstract

Introduction: CAD/CAM technologies are becoming widely used for the production of metal ceramic dental restorations. Powder Co-
based alloys are developed for selective laser melting. The corrosion resistance of the dental alloy affects the biocompatibility, functional
suitability, and longevity of the prosthetic restoration.

Aim: The aim of this study was to evaluate and compare the corrosion resistance of a cobalt-chromium dental alloy for porcelain-fused-
to-metal (PFM) crowns produced for selective laser melting technique in clinical and laboratory conditions.

Materials and methods: PFM crowns were made for 35 patients using CAD/CAM technology. The metal copings of the crowns were
made of the EOS CobaltChrome SP2 alloy (EOS, Germany). Eocp measurements were conducted 2 hours and 7 days after fixing the
restorations in oral cavity. The digital files of patients’ designed copings were used for the production of another 35 specimens, which
were placed in artificial saliva. Eocp measurements were conducted after the same periods.

Results: In vitro studies showed high corrosion resistance after the short 2-hour stay. After 7 days in artificial saliva, the corrosion re-
sistance became even higher probably due to strong passivation. In clinical conditions, Eocp values were slightly higher than the normal
range 2 hours after fixing the crowns. Seven days after fixing, the Eocp values showed a decrease of corrosion resistance of the PFM
crowns. The cause of the decrease may be interaction with other metal objects or specific conditions of the oral cavity.

Conclusions: The investigated alloy showed high corrosion resistance in in vitro settings. Clinical research revealed that PEM crowns
had lower corrosion resistance. Further observation and research are required.

Keywords

cobalt based alloys, corrosion resistance, SLM

INTRODUCTION

3D printing by selective laser melting (SLM). These two
methods provide fast and precise dental restorations.!)

Metal-ceramic restorations are fabricated using either the Structural, mechanical properties, marginal fit, metal
traditional lost-wax method or cutting-edge CAD/CAM  ceramic bond strength, and corrosion resistance depend
techniques. There are two main ways to create the metal  on the composition of the alloy and the fabrication method
copings when using modern digital techniques: milling or  of the metal copings.>* Powder Co-based dental alloys are
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most commonly used for SLM. !

Corrosion resistance of dental alloys is critical for the
biocompatibility and has a direct impact on the functional
suitability and longevity of prosthetic restorations.!! Cor-
rosion is the process by which metal objects deteriorate
due to agents in the surrounding environment. Saliva has
a strong corrosive effect depending on its pH and chloride
ion concentration. When a metal object is immersed in an
electrolyte, the surface begins to ionize, metal ion emission
is observed, and the metal begins to dissolve. Oxygen mol-
ecules are absorbed on the metal surface and, together with
metal ions, help to form a surface oxide layer, which inhibits
corrosion and confines it to the surface of the metal object.

The oral cavity contains a thin biofilm composed of
proteins and glycoproteins from saliva. After fixing a pros-
thetic restoration in the patient’s mouth, this organic layer
covers its surface, potentially reducing corrosion. Despite
the formation of a passive oxide layer and the presence of
biofilm, it is possible that metal objects in the oral cavi-
ty will continue to corrode.”’ As a result, metal ions are
emitted and digested. They may be the cause of allergic
reactions, systemic and local toxicity, and changes in cell
structures and functions.!®1% The increased level of cobalt
ions may initiate cell apoptosis and may lead to suppressed
lymphocyte proliferation. Co** and Co%" may inhibit the
release of I1-2. It is suggested that even if the concentration
of metal ions has no direct cytotoxic effect, it may provoke
changes at molecular level and may contribute to alteration
in the immune response of patients with cobalt-chromium
implants.!'!) Electrochemical corrosion is observed in cases
where, along with the deterioration of the metal object, an
electric load appears on the surface.['?l Corrosion poten-
tials demonstrate the ability of the metal or the metal alloy

Figure 1. A digital impression.

Corrosion of Dental Alloy for Metal Ceramics

to dissolve in a specific electrolyte solution. Values of the
corrosion potentials represent the ion emission of the metal
or the metal alloy and its level is considered crucial for their
biocompatibility.l'*! According to Botushanov et al.['4], the
corrosion potentials of base metal dental alloys have refer-
ence values ranging from 0 mV to —150 mV, and the total
amount of corrosion potentials in the oral cavity should not
exceed 600 mV. In the prosthetic treatment of defects in
dental tissues and dental arches, different types of alloys are
used, which, when placed in saliva, have electrode corro-
sion potentials on their surfaces. If the metal objects are in
direct contact or become connected through a conductor,
such as saliva, blood plasma, or soft gingival tissues, gal-
vanic electrical current flows between them. The process of
oral electro-galvanism affects the body mainly because of
the ion emission. The increased ion concentration affects
the surrounding tissues and distant organs and systems
through its allergenic, cytotoxic, and genotoxic effects.!”)

AIM

The aim of this study was to determine the corrosion re-
sistance of a cobalt-chromium dental alloy produced for
selective laser melting technique in clinical and laboratory
environment.

MATERIALS AND METHODS

Porcelain-fused-to-metal crowns were manufactured for
35 patients using CAD/CAM technology. After taking dig-
ital impressions (Fig. 1), the metal copings were designed,
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and the files were sent to the 3D printer (EOS M100, Ger-
many) available at the CAD/CAM Center of the Faculty of
Dental Medicine in Plovdiv for selective laser melting of
the dental alloy (Fig. 2). The 3D printed resin models were
used for completing the PFM restorations (Fig. 3). Co-Cr
dental alloy EOS CobaltChrome SP2 (EOS, Finland) was
used for the production of the metal copings. The composi-
tion of the alloy according to the producer is: Co: 63.8 wt-%;
Cr: 24.7 wt-%; Mo: 5.1 wt-%; W: 5.4 wt-%; Si: 1.0 wt-%; Fe:
max. 0.50 wt-%; Mn: max. 0.10 wt-%; free of Ni, Be, Cd and
Pb according to ISO 22674.

Informed consent was obtained from all patients includ-
ed in the study. None of the patients reported symptoms of
gastric disorders and no signs of acidic erosion on the hard
dental tissues were observed. The crowns were fixed with
resin-modified glass ionomer cement Ketac Cem Plus (3M
ESPE, USA) (Fig. 4).

The tests were conducted in the morning. Before the
measurements, patients were instructed not to consume
any food or drink other than water. The corrosion resistance
of the alloy in clinical conditions was assessed according
to the values of the open circuit potentials (Eocp) appear-
ing between the visible metal edge of the PFM crown and
the gingiva at a distance of 2-4 mm using a Dentotest Six

Figure 2. 3D printed metal copings.

Figure 3. A metal coping on a 3D printed resin model.

Figure 4. A PFM crown on tooth 14.

apparatus (Atlantis, Bulgaria). The apparatus was calibrated
with a voltage calibrator FLUKE SLK 753 and was approved
by the standard ISO 13485 (CE 2274). The measurements
were conducted 2 hours after fixing the crowns into the
patients oral cavities and after a period of 7 days.

For the in vitro measurements, the patients’ digital
files of the designed copings were used and another 35
metal specimens were produced from the same alloy us-
ing SLM and 3D printing. After selective laser melting
and stress-relieving regime, the specimens were sand-
blasted with 50-um ALO, particles. The metal copings
were immersed in artificial saliva (Fig. 5), prepared of
0.9% NaCl with acidity adjusted by adding 1% lactic acid
and 4% sodium hydroxide up to pH 7.4+0.1 according to
standard ISO 2071:2011(E).'*! Containers were stored in
steady room temperature of 22°C. Eocp measurements
were conducted after 2 hours, and a 7-day stay in the me-
dium using the same apparatus (Dentotest Six, Atlantis,
Bulgaria) (Fig. 6).

For statistical analysis, SPSS v. 19.0 was used, applying
the parametric independent sample #-test and the paired
sample ¢-test.

RESULTS

The results of the open circuit potential measurements of
the specimens placed in artificial saliva and the Eocp values
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Figure 5. Metal specimens in artificial saliva.

Figure 6. The Dentotest Six apparatus.

received from the crowns in the oral cavity are presented
in Table 1.

Two hours after placing the metal copings in artificial
saliva with pH of 7.4+0.1, the Eocp measurements were
within the accepted range. There was no statistically signif-
icant difference between the received values and the norm
of -150 mV.

After staying 7 days in artificial saliva, the Eocp values
were also within the accepted range and were significantly
lower (in absolute values) than the Eocp values received af-
ter the 2-hour stay (Fig. 7).

Corrosion of Dental Alloy for Metal Ceramics

Two hours after fixing the PEM crowns in the oral cavity,
19 of the crowns (54.3%) had higher than 150 mV Eocp
values. The mean was —166.6+61.2 which is insignificantly
higher than the norm of -150 mV (p=0.119).

After staying 7 days in the mouth, an increase of the
corrosion potential mid values was detected, but it was
not significantly higher than the values measured after a
2-hour stay (p=0.149) (Fig. 8). There was, however, a sta-
tistically significant difference between the accepted norm
of —150 mV and the Eocp measurements received at the
7th day (p=0.009). An increase of the number of cases
with Eocp values exceeding the accepted range of 0 mV to
—-150 mV was registered, compared to the 2-hour period
(p=0.090) (Table 2).

Figure 7. Eocp values after 2 hours and after 7 days in artificial
saliva.

Figure 8. Eocp values after 2 hours and after 7 days in the oral
cavity.

Table 1. Descriptive analysis of the Eocp values measured in artificial saliva (AS) and in the oral cavity (OC) (mV)

Duration of stay min mean max Standard deviation
AS 2 hours -188.00 -114.80 -23.00 49.00648

7 days -135.00 -57.54 -13.00 26.78

2 hours -68 —-166.6 -280 61.2
oc 7 days -23 -188.7 -410 83.3
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Table 2. Crosstabulation: Eocp values after a 2-hour stay in oral cavity/Eocp values after a 7-day stay in the oral cavity

7 days after fixing
Eocp within normal range b Total crowns I
N Eocp above N (%) p-value
normal range
N
Eocp within the normal range 8 8 16 (45.7)
2 hours after fixing
Eocp above normal range 4 15 19 (54.3) 0.090
Total crowns N (%) 12 (34.3) 23 (65.7) 35 (100.0)
DISCUSSION Acknowledgements

The in vitro studies have shown high corrosion resistance
of the alloy 2 hours after placing the copings in artificial
saliva. The formation of a passive layer on the metal sur-
face provides good corrosion stability even after this short
period of time. After 7 days, the resistance to corrosion
becomes even higher probably due to continuing passiva-
tion or due to the stable oxide layer.

Regarding the results in clinical conditions, it can
be concluded that two hours after being placed in the
patient’s mouth, the PFM restoration with a substructure
of the studied alloy had low corrosion resistance; further-
more, the Eocp values were close to the risky -150 mV. A
one-week period was not enough for passivating the alloy
surface and improving its corrosion resistance. It can be
assumed that during the studied period, ion emission is
high and the biocompatibility of the restoration is under
consideration. The passivation process of the metal surface
and the formation of a biofilm are not strong enough to
improve the corrosion resistance of the alloy within the
first 7 days in the mouth.

The differences between the clinical and laboratory re-
sults may be explained with the specific conditions in the
oral cavity including the variable pH, temperature, and mas-
ticatory pressure. The presence of microorganisms in the
oral cavity, Streptococcus mutans and Candida albicans, has
a negative effect on the corrosion resistance.!'®! In addition,
other metal objects in the patients’ oral cavities influence
the corrosion resistance of the studied alloy.!'7! The acidity
of the saliva may also affect the corrosion resistance of the
dental alloys. The lower pH values due to gastro esophageal
reflux disease, bulimia or other pathological conditions may
lead to a decrease of the corrosion resistance of the metal
restorations.!®)

CONCLUSIONS

The obtained results suggest that the Cobalt-Chromium
alloy EOS SP2 (EOS, Germany) has a higher corrosion re-
sistance in the laboratory settings than in the oral environ-
ment.
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Pe3ome

BeepeHue: Texnonoruu CAD/CAM HaxomAT BCE 6oree IIMpPOKOe IIPUMEHeHMe /A IPOM3BOACTBA MeTa//IOKePaMIIeCKUX PecTaB-
parmii 3y6oB. IIopolKoBble CIZTaBBI Ha OCHOBE KOOajIbTa pa3paboTaHbI [/IA CEEeKTHBHOTIO JIa3epHOro IvtaBaeHnsa. KopposyuoHHas
CTOVKOCTb CTOMATOJIOTMYECKOTO CIIaBa BIMAECT Ha OMOCOBMECTUMOCTD, GYHKIMOHANIbHYIO IPUTOHOCTD ¥ JONTOBEYHOCTD MPOTE3-
HOJI pecTaBpalym.

Lienb: Lenpio faHHOTO MCCTEROBaHNUS OBIIO OLEHUTD U CPABHUTH KOPPO3MOHHYIO CTOMKOCTD KOOAIBT-XPOMOBOTO CTOMATOJIOTIYe-
CKOTO CIUIaBa IS META/TIOKEPAMIUYECKIX KOPOHOK, M3TOTOB/IEHHBIX METOJIOM CEJIEKTVBHOTO IA3€PHOTO IIAB/IEHNSI B KIIMHIYECKNX
U TabOPaTOPHBIX YC/IOBUAX.

Matepuanbl n MeTofbl: MeTanmokepaMuiecKyie KOPOHKM ObIIM M3TOTOBIEHDI 35 MallMeHTaM ¢ MCIOIb3oBaHMeM TexHomoruu CAD/
CAM. Meranmyeckue KOMIAYKM KOPOHOK 13rotosynensl u3s cmaaBa EOS CobaltChrome SP2 (EOS, Tepmanus). Vismepenns Eocp
IIPOBOAVIINCE Yepe3 2 yaca 1 7 fHelt mocyte GpuKcalym pectaBparyii B monoctu pra. Lndpossie daiinpl paspaboTaHHBIX MalMeHTaMu
KOJIIIAYKOB ObIIM MCIIONb30BAHBI /I USTOTOB/ICHNA elllé 35 06pasLioB, KOTOPbIe ObIIM MOMeIeHbl B ICKYCCTBEHHYIO CIIoHY. VsMepe-
uusa Eocp mpoBoammch yepes Te ke MHTepBasIbl BpeMeHN.

Pesynbratbl: VccnenoBaHus in vitro MOKa3auy BHICOKYIO KOPPO3MOHHYIO CTOMKOCTD IOC/Ie KOPOTKOTO 2-4acoBOro npebpiBanys. Io-
cre 7 mHell IpeObIBaHMA B YICKYCCTBEHHOJ C/IIOHE KOPPO3VIOHHAA CTOMKOCTD CTA/Ia ellié BBIIIe, BEPOATHO, 38 CYET CH/IBHOM ITacCUBa-
1yn. B KImHMYecKnx ycnoBuaAx sHaueHs Eocp ObUIM HECKONBKO BbIIIe HOPMBI Yepes 2 yaca 1mocye Gpukcanyum KOpoHok. Yepes ceMb
IHeit ocye ¢pukcanny 3HadeHusA Eocp mokasany CHIDKeHUe KOPPO3VOHHOI CTOMKOCTHU MeTa/UIOKepaMu4ecKux KOpoHoK. [TpuunHoit
CHIDKEHUSA MOXKET OBITh B3aMMOJEIICTBIUE C APYIVIMM META/IMYeCKIMU IIPeMeTaMMU VTN CIielduyecKue COCTOSAHNA MOIOCTH PTa.

3aknoueHune: Viccrenyemblit CIIaB MOKa3al BHICOKYIO KOPPO3MOHHYIO CTOMKOCTD B YCIOBUAX in vitro. KnmuHMYecKme uccnefoBaHms
I0Ka3a/IM, 4TO MeTa//IOKepaMyiecKie KOPOHKM UMeIOT 6o/Iee HU3KYI0 KOPPO3MOHHYIO CTOMKOCTD. TpebyloTcs [OIOMHNTeTbHbIE Ha-
6ITI0fIeHIA Y CCIIENOBaHMA.

KnwoueBble cnoBa

CITaBBI Ha OCHOBE KOOa/IbTa, KOPPO3MOHHAs CTOMKOCTh, SLM
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