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Abstract: Magnetic attachment keepers used in dental implants are treated in one of the following ways: Co-Cr alloy
casting, Ni-Cr alloy casting, gold alloy casting, and laser welding (Ni-Cr alloy). All four treatments can partially change
the surface structure of the magnetic attachment keepers and affect the keepers’ resistance to corrosion. The
objective of this study was to evaluate the differences in the corrosion properties of magnetic attachment keepers
processed using the four treatments and tested in artificial saliva. Magnetic attachment keepers were treated with
Ni-Cr metal ceramic alloy, Co-Cr alloy, and gold noble metal alloy and welded by spot laser, forming samples to be
immersed in artificial saliva and tested 10 and 20 days after treatments. An inductively coupled spectrum instru-
ment was used to detect the ionic (Fe, Cr, and Mo) concentrations in the soaking solution. Co-Cr, Ni-Cr, and gold alloy
treatments showed the largest amounts of precipitated Fe and Mo ions in artificial saliva (all P<0.05 vs. the control
and laser treatments, except for Mo ions in Gold alloy vs. laser 10 days after treatments, and Ni-Cr vs. control, Ni-Cr
vs. laser, Gold alloy vs. laser 20 days after treatments). Co-Cr treatment showed the largest amount of precipitated
Cr ion in artificial saliva (all P<0.05 vs. the control and laser treatments). In conclusion, Co-Cr alloy casting, Ni-Cr
alloy casting, gold alloy casting, and laser welding could decrease the keepers’ resistance to corrosion in the oral
environment. Laser welding showed the least decrease in corrosion resistance of the keepers.
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Introduction a uniform and dense metallic structure. The
end product keeper must be connected to den-
tal metal to form the root surface cap, which is
achieved using one of the four following treat-
ments: Co-Cr alloy casting, Ni-Cr alloy casting,
gold alloy casting, or laser welding. The three
alloy treatments use the cast-bonding method
by which the end product keeper is an invest-
ment cast with the root cap forming an integral
whole. A noble metal such as gold, mixed with
another metal to create a gold alloy with a low
melting point, is commonly used for the root
cap in many countries; however, in China, less-
expensive base metals such as Co, Cr, and Ni
are often used to create various alloys used for
the root cap. Laser welding is a method that
has been developed over the years and that
integrates the keeper with the pedestal by
accurately controlling the welding zone with a
laser [2].

A magnetic attachment is a device used in den-
tistry that uses a magnetic force to ensure that
a restoration device adheres to a dental abut-
ment or implant for fixation and stabilization.
The magnetic attachment is composed of a
permanent magnet installed at the tissue sur-
face of the denture and a magnetized soft alloy
(keeper) placed in the intraoral remaining den-
tal root surface, proximal to the abutment or
implant. The axial retention of the attachment
is strong and persistent, and antagonizes lat-
eral and twisting forces by shifting or even dis-
locating, which can protect the abutment. In
addition, the device has other advantages such
as an unrestricted insertion direction, an auto-
matic reset, and lack of a visible clasp for aes-
thetic value; therefore, it is becoming more and
more popular with dentists and patients [1].

The keeper is formed mainly by cold forging or
cold working, and its primary structure is sin- The keeper that is processed by heating dental
gle-phase ferrite compound (Fe-19Cr-2Mo) with metal often shows different levels of corrosion,
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Table 1. Concentrations of metal ions from keepers

after 10 days in artificial saliva

cessed by conventional investment ca-
sting, grinding, and buffing with Ni-Cr

Group Fe Cr

Mo

ceramic alloy, Co-Cr alloy, and gold noble

Co-Cr

247.80+38.40"* 3.32+1.37"* 283.20+25.82"*

metal alloy, respectively. The fourth gr-
oup was polished by laser spot welding

Ni-Cr 173.30+£40.30"* 0.19+0.27  31.00+10.86™* before welding using a pedestal welder
welding usi wi .

Gold alloy 361.80+65.84"# 0 22.60+4.55" g gap

L 13.3041.95 o 19404184 The keepers were welded onto the cast

aser e T dowel-copings made from Co-Cr alloy

Control 0 0 0 using a Nd: YAG laser spot-welding appa-

Pt <0.001 <0.001 <0.001

ratus. All samples were in sheet form

Data are shown as mean * standard deviation (n=10/group). "P<0.05
vs. the control group; #P<0.05 vs. the laser group. A: Overall P values

among five groups (ANOVA).

such as tarnishing, rust, desquamation, and
fracture, affecting the working life of the mag-
netic retainer. In addition, precipitation (leach-
ing) of some metal ions poses a potential dan-
ger of toxicity to the patients [3, 4].

Therefore, the present study aimed to assess
qualitatively and quantitatively the changes in
corrosion resistance of keepers after dental
metals were heat treated and exposed to artifi-
cial saliva. Inductively coupled plasma atomic
emission spectroscopy (ICP-AES) was used to
measure the precipitated metal ions. This
method uses ICP as the excitation source to
study the emission spectrum of the atom and
has several advantages such as being highly
accurate, having stability without interference,
and having the ability to detect multiple ele-
ments at the same time or in order. ICP-AES is
an effective method to detect multiple trace
elements in solution.

Materials and methods
Materials and instruments

The AUM20 keepers were purchased from Aichi
Steel (Tokai, Japan), the Ni-Cr ceramic alloy and
gold noble metal were from Heraeus Kulzer
(Hanau, Germany), and the Co-Cr alloy was fr-
om Dental Materials Plant in Shanghai (China).
The HT-W120 laser spot welder was purchased
from Shenzhen Chinasky Laser Technology Co,
Ltd. (Shenzhen, China), the CS501-3C thermo-
static water bath was from Chongqging Sida
Experimental Equipment Co., Ltd. (Chongging,
China), and the ICP-MS ICPEQO0O0 was from
SHIMADZU Corporation (Kyoto, Japan).

Sample preparation

Fifty AUM20 keepers were divided into five
groups (n=10/group). Three groups were pro-
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measuring 8.0 mm in diameter and 3.0
mm thick, and were sealed and fixed with
epoxy resin, exposing only the test sur-
face (i.e., the surface in contact with the
magnet). The fifth group was the control group
and was sealed and fixed directly with epoxy
resin, exposing the test surface. All samples
were cleaned with ultrasound for 10 min with
acetone and ethanol.

Corrosive medium

The corrosive medium was artificial saliva using
ISO/TR10271 as the standard. The compo-
nents were: 0.4 g.L.*NaCl, 0.4 g:.L*KCI, 0.78 g:L*
Na,HPO,2H,0, 0.795 gL* CaCl,2H,0, 0.005
gL' Na,S22H,0, and 1.0 gL* urea. Analytical
grade reagents and distilled water were used,
and NaOH and HCI were used to adjust the pH
to 7.0. All experiments were performed at 37+
1.0°C[5, 6].

Immersion test

The samples in the control and study groups
were completely immersed into sealed tubes
containing 20 mL artificial saliva and placed in
a thermostatic water bath at 37°C. Five millili-
ters of the suspension was removed on days 10
and 20 to measure the precipitated amounts of
Fe, Cr, and Mo. The concentrations of metal
ions in the test solution of each group were
determined using the standard curve created
by ICP-mass spectrometry (-MS).

Statistical analyses

Data were analyzed using SPSS 10.0 for Win-
dows (SPSS Inc., Chicago, IL, USA). Data were
shown as means + standard deviation (SD) and
analyzed using one-way analysis of variance
(ANOVA) with the Dunnett’s post hoc test.
Differences were considered significant at a
P-value of <0.05.
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Table 2. Concentrations of metal ions from keepers after

20 days in artificial saliva

sues. The more ions that precipitate,
the less resistance of the keeper to

Group Fe Cr

corrosion and the higher the toxicity to

Co-Cr 721.204£123.48"* 10.12+4.62"* 519.20+92.70"#

the patient [7]. Because of the various
metal-binding processes, when sever-

Ni-Cr 645.80+58.30"* 0.65+0.48 43.30£12.43 | metal ra intermixed the metals’
Gold alloy 681.40+123.34™# 0 60.00+15.00" a . ctals are inte .|xe . © metals
resistance to corrosion will be further
Laser 10.00+2.21 0 15.40+3.86 ) . . -
compromised, increasing the possibil-
Control 0 0 ity of galvanic corrosion. The durability
Pt <0.001 <0.001

and safety of the commonly used

Data are shown as mean * standard deviation (n=10/group). "P<0.05
vs. the control group; #P<0.05 vs. the laser group. A: Overall P values

among five groups (ANOVA).

Results

Tables 1 and 2 present the concentrations of
metal ions from keepers after 10 and 20 days
in artificial saliva, respectively. The control
keepers did not release any detectable amount
of metal ions. Co-Cr, Ni-Cr, and gold alloy treat-
ments showed the largest amounts of precipi-
tated Fe ion in artificial saliva (all P<0.05 vs.
the control and laser treatments). Co-Cr, Ni-Cr,
and gold alloy treatments also showed the larg-
est amounts of precipitated Mo ion in artificial
saliva (all P<0.05 vs. the control and laser
treatments, except for Gold alloy vs. laser after
10 days in artificial saliva, and Ni-Cr vs. control,
Ni-Cr vs. laser, Gold alloy vs. laser after 20 days
in artificial saliva). Furthermore, Co-Cr treat-
ment showed the largest amount of precipitat-
ed Cr ion in artificial saliva (all P<0.05 vs. the
control and laser treatments).

Discussion

Ferritic stainless steel is the alloy commonly
used in dentistry to make magnetic keepers.
This alloy is constantly exposed to the warm
and humid environment of the mouth and is
affected by mastication, saliva containing elec-
trolytes, and a complicated microbial commu-
nity, all of which leading to various levels of cor-
rosion such as tarnishing, rust, desquamation,
and fracture. As a result of being completely
and constantly immersed in saliva, metal ions
will precipitate from the keepers, causing a det-
rimental effect on adjacent tissues. In addition,
because of the different components and
metallographic phases of alloys, the type and
amount of the precipitated metal ions vary,
also causing different effects on adjacent tis-
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keepers must be considered because
they will be used in the oral environ-
ment for a long time.

Metal corrosion is the damage to metal caused
by chemical and electrochemical reactions with
the metal’s surroundings, which often occur at
the metal-medium interface. Alloy metals are
used in most dental restorations, and their
long-term exposure to the oral environment
leads to different levels of corrosion. Corrosion
can cause the release of metal ions into the
local oral tissues, resulting in inflammation of
the gingival and periodontal tissues. The keep-
er in the magnetic attachment cast is fixed in
the root canal of the teeth, exposing its surface
to the oral environment. After some time, sur-
face staining and roughness increase and mag-
netic attraction decreases, which are consid-
ered by some authors to be associated with
corrosion [8].

In a previous study, we detected metal corro-
sion using a “weight-loss” method that was
converted into a corrosion rate, but the accu-
racy of the method was low. Here, we used ICP-
MS, a highly sensible and accurate method, to
detect the precipitated metal ions in artificial
saliva for each alloy sample, and further ana-
lyzed the influences of the metal-binding pro-
cess on the keepers’ corrosion resistance. This
method has several advantages, such as strong
selectivity, low detection threshold, high accu-
racy, and quick analysis [9, 10]. Using this
method, the precipitated metal ions could be
detected in each study group but in highly dif-
ferent amounts. The results showed that the
precipitated amounts of metal ions when using
the Co-Cr alloy, Ni-Cr alloy, or gold alloy were
significantly higher than those in the control
group, suggesting that these casting methods
decreased the corrosion resistance of the mag-
netic attachment keeper material. The precipi-
tated amount of metal ions from the sample
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processed by laser welding was higher than
that of the control group, which indicated that
laser welding could also decrease the corrosion
resistance of keeper metals, but the amount
was far lower than that in the other three alloy
groups, suggesting that laser welding is much
less destructive on keeper metals (Tables 1
and 2).

The high temperature during casting destroys
the original metallurgical structure of the keep-
er, changing the single-phase structure into a
multiple-metal structure and polycrystalline
phase structure mixed with ferrite, austenite,
and martensite. The formed crystalline grain
with a non-uniform size easily causes intergran-
ular corrosion [11] and forms either a rugged
oxide layer on the surface or surface indenta-
tion from the collapse of the crystalline grains.
In this case, a polishing process is needed,
which will change the smoothness of the origi-
nal surface [12, 13] and decrease the magnetic
adsorption and corrosion resistance to a value
that is significantly lower than that of the origi-
nal end product keeper. In addition, by using
the conventional polishing process, the surface
smoothness of the end product keeper cannot
be achieved; therefore, its resistance to corro-
sion is lower. Because laser welding do not
destroy the main part of the keeper, forming
only a melting region of about 0.25-0.30 mm in
width at the junction zone, this method did not
change the metallurgical structure. The center
of the keeper was still a large ferrite crystal and
although the surface smoothness was not as
good as that of the original end product keeper
after polishing, it was still better than that of
the cast keepers [14]; therefore, the corrosion
resistance of the laser welded keepers was
higher than that of cast keepers.

The processing technology for the magnetic
attachment keepers, using Co-Cr alloy, Ni-Cr
alloy, gold alloy, or laser welding, increased the
precipitation of metal ions from the keepers in
artificial saliva, suggesting that the processing
methods for casting and laser welding could
destroy the keepers’ resistance to corrosion.
Our results showed that the value of the metal
ions in the laser welding group was far lower
than that in the other groups. This suggested
that the laser welding process was a better
method by which to preserve the keepers’
resistance to corrosion in the mouth. Corrosion
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resistance of the magnetic attachment keep-
ers is one of the most important indices for
evaluating biocompatibility; therefore, deter-
mining the best keeper materials, root cap
alloys, and processing technology could im-
prove the keepers’ corrosion resistance.

The present study is limited and focused mainly
on the keeper materials and not on conditions
such as the size of the keepers, surface area
ratio of the embedded keepers and other met-
als, and surface roughness of the specimens.
In addition, the keepers that must be cast or
welded by laser can be used in clinical settings.
The oral environment is far more complicated
than the environment obtained using artificial
saliva and an incubator, and cannot be dupli-
cated in the laboratory; therefore, these factors
need further study and exploration.
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