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Objectives. This study aimed to determine the influence of coating material thickness on the attraction force of dental magnetic
attachment (DMA).Materials and Methods. An in vitro experimental design was implemented using DMA as samples coated with
different material types including polytetrafluoroethylene (PTFE) and glass ionomer varnish. DMA consists of keeper and
assembly. The coating material was applied to DMA in two ways, on the assembly only and both the keeper and assembly.
The thickness of each coated DMA was measured with a digital micrometer, and analysis was subsequently conducted with a
universal testing machine to evaluate potential alterations in magnetic attraction force. Comparison was made between the
attraction force of both the coated and uncoated DMA serving as a control specimen. Result. The thickness of the coating material
applied to both the keeper and assembly was 25 μm, while PTFE and varnish coating on the assembly alone was estimated as 12 and
10 μm, respectively. The magnetic attraction force of the uncoated DMA was 613.63 gf. Following coating, the magnetic attraction
force decreased by 34.02–79.45 gf. The ANOVA test indicated that the decrease in magnetic attraction observed across both types
of coating material and technique did not show significant differences. Conclusion. The thickness and type of coating material had
no significant effect on magnetic attraction.

1. Introduction

Dental magnetic attachment (DMA) is a type of prosthetic
material commonly used in overdentures. Furthermore, it has
a simple attachment procedure and self-seating capabilities,
leading to being suitable for elderly patients with reduced
motoric skills. The disadvantages of DMA include the posses-
sion of relatively low retentive force among other attachment
types and susceptibility to corrosion, necessitating magnet
replacement [1]. Previous studies showed the tendency of
magnets to experience corrosion, which would trigger attrac-
tion force decline [2–5]. The production of overdentures with

magnetic attachment is a time-consuming and costly process.
DMA replacement in patients due to corrosion is inefficient.
Despite coating the DMA with stainless steel, the risk of cor-
rosion persists [3, 4, 6], suggesting the need for extra protec-
tion because the attachment is often placed in a corrosive oral
environment.

Polytetrafluoroethylene (PTFE) is widely applied as a
coating material for medical devices due to being chemically
inert, physiologically stable, nontoxic, and nonflammable
under normal conditions, without becoming metabolized
[7]. PTFE is also used in coating neodymium iron boron
(NdFeB) magnets to provide superior maintenance of flux
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density and other magnetic properties compared to uncoated
NdFeB [8, 9].

Varnish prominently serves as a coating material for
preventing glass ionomer cement from moisture contamina-
tion and dehydration during initial hardening [10, 11]. Tyagi
et al. [12] reported the efficacy of varnish in protecting the
surface of glass ionomer cement when exposed to nitric acid.
The lack of sufficient literature on the exploration of addi-
tional protection for dental magnets with stainless steel cas-
ings using PTFE or varnish has stimulated the need to
evaluate the optimal thickness of both materials. Therefore,
this study aimed to determine the influence of coating mate-
rial thickness on the attraction force of DMA.

2. Materials and Methods

The samples used in this study were Magfit DX 600 (Aichi
Steel, Japan), comprising assembly and keeper components
(Figure 1). All were further categorized into five groups,
including (1) PTFE coating on the assembly, (2) PTFE coat-
ing on the assembly and keeper, (3) varnish coating on the
assembly, (4) varnish coating on the assembly and keeper,
and (5) uncoated components as the control. Each group con-
sisted of three samples, and this number was calculated based on
the resource equation formula to determine the minimum sam-
ple size. The coating technique of PTFE material was modified
from a previous study [8]. PTFE liquidwas applied to the contact
surface of the assembly/keeper using a microbrush, followed by
gentle rubbing with a soft cloth. This procedure was repeated
until the surface became evenly covered with the coating mate-
rial. Varnish coating was performed by applying one layer of the
liquid onto the contact surface of the assembly/keeper using a
microbrush and allowing it to dry.

Coated DMA groups were analyzed using a scanning
electron microscope (SEM; Hitachi SU3500, Japan) to ensure
uniform coverage on the entire assembly/keeper contact sur-
face, while the control group was analyzed with SEM for
comparison. The thickness of the entire surface area of the
assembly and keeper in all groups was measured using a
digital micrometer (Syntex, China), as shown in Figure 2.
This measurement was conducted before and after coating
with PTFE or varnish. The thickness of the coating material
is obtained by calculating the difference in thickness between
the coated DMA and uncoated DMA. The average thickness
value for each group was determined based on the total
measurement of samples.

The subsequent step included the preparation of DMA for
attraction force measurement. In this context, the assembly

and keeper in all groups were attached to aluminum rods
using cyanoacrylic adhesive and thenmounted onto a univer-
sal testing machine (UTM; Llyod LRX-Plus 5 kN, Ametek
Inc., United Kingdom). The keeper was positioned on the
lower UTM arm and the assembly was placed on the upper
arm, each with a length of 1 cm [4]. The tensile test was
conducted at a cross-head speed of 50mm/min, and the max-
imum load value was taken [3, 13–16].

The attraction force in each sample was collected, and the
statistical analysis was perfomed with MegaStat software
V.10.4 release 3.2.4 Mac (McGraw Hill, USA). The mean
and the standard deviation of each group were calculated.
All the data were subjected to one-way analysis of variance
(ANOVA) at a 95% level of confidence (α= 0.05).

3. Result

The results of SEM analysis conducted in this study are pre-
sented at 250x magnification in Figure 3. These showed that
the PTFE-coated assembly surface (Figure 3(a)) was different
from the uncoated surface (Figure 3(b)) as well as the
varnish-coated assembly surface (Figure 3(c)).

The average of magnetic attraction force of the uncoated
DMA was 613.63 gf. The magnetic attraction force after coat-
ing decreased by 34.02–79.45 gf compared to the uncoated
DM, as shown in Table 1. Data subjected to the ANOVA test
(Table 2) showed a p-value of 0.0572 (p >0:05), indicating
that no significant difference was found in magnetic attrac-
tion force across all groups.

4. Discussion

According to the results, the addition of coating material on
the assembly/keeper contact surface was found to reduce the
magnetic attraction force. The reduction of the magnetic
attraction force was due to PTFE and varnish being nonfer-
romagnetic materials. The study conducted by Ahmad et al.
[8] showed that a thicker coating material would provide a
greater barrier to the magnetic field. Ahmad et al. coated
some groups of NdFeB magnets with one layer of PTFE
and others with two layers of parylene. Consequently, the
parylene group lost more magnetic flux density than the
PTFE group [8]. In their study, the two layers of parylene
produced a thickness of 20 μm. This was consistent with the
present study, where the thickness of the coating material for
both the keeper and assembly was 25 μm. Additionally, PTFE
and varnish coating on the assembly was estimated to be 12
and 10 μm, respectively. The coating on the assembly alone
was considered a single layer, while it had two layers on the
assembly and keeper.

FIGURE 1: Magfit DX 600, comprising assembly and keeper
component.

FIGURE 2: The thickness measurement.
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In contrast to the report by Ahmad et al. [8], the thick-
ness of one and two layers of coating material in this study
did not produce a significant difference in reducing magnetic
attraction. The differences in results were attributed to
Ahmad et al. testing the density of magnetic flux, while
this study examined attraction force. The scarcity of litera-
ture exploring the effect of PTFE coating on DMA led to
difficulty in comparing the present results obtained.

The magnetic attraction force in group C PTFE (Table 1)
has a lower value than in other groups, which might be due
to the superiority of cohesive over adhesive properties of
PTFE despite the lack of supporting evidence. Consequently,
magnetic attraction force in group B PTFE with thicker

coating material generated a stronger attraction force com-
pared to group C PTFE.

There is a correlation between the retention of the over-
denture and the attraction force of magnetic attachment. The
magnetic attraction force required to provide retention in
overdentures is approximately 400–600 gf [14]. The magnetic
attraction force on the coated DMA in the present study
exceeded 500 gf. This suggests the attraction force to be suffi-
cient for overdenture retention despite the value being lower
than the amount generated in the uncoated DMA.

The results showed that DMA coating could be applied on
both the assembly and keeper surface. Furthermore, the assem-
bly needs adequate protection because this part contains

ðaÞ ðbÞ ðcÞ
FIGURE 3: SEM analysis results for assembly surfaces: (a) after PTFE coated, (b) uncoated, and (c) after varnish coated.

TABLE 1: Thickness of the coating material and the magnetic attraction force.

Coating material Group
Mean of the coating

thickness (µm)
Attraction
force (gf )

Mean of the
attraction force (gf )

Std.dev

Control Uncoated (A) —

601.16
613.63 24.55597.81

641.91

PTFE

Assembly and keeper (B) 25
571.25

558.02 21.98570.16
532.64

Assembly (C) 12
532.80

534.18 11.75523.18
546.55

Varnish

Assembly and keeper (B) 25
558.19

558.98 41.16600.52
518.22

Assembly (C) 10
557.15

579.61 33.20617.75
563.94

TABLE 2: ANOVA test results for analyzed data.

Source SS df MS F p-Value

Treatment 10,613.63 4 2,653.41 3.30 0.0572
Error 8,040.24 10 804.02 — —

Total 18,653.88 14 — — —
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NdFeB magnet. The keeper lacks a magnet but is cemented at
the tooth root or implant so that there is persistent contact with
the oral cavity environment. The oral environment is known to
be corrosive; therefore, magnets need to be protected.

The study by Guttal et al. [9] indicated that NdFeB mag-
nets encased with 0.7mm solid PTFE exhibit greater resis-
tance to corrosion than those without casing. Varnish has
been proven to prevent glass ionomer restorations from con-
tamination of moisture [10, 11] and acidic fluids [12]. By
applying varnish, it is expected that the magnet can be
shielded from fluid exposure, consequently leading to corro-
sion prevention. Corrosion needs to be prevented because it
is recognized as the most significant factor contributing to
the decrease in magnetic attraction force [17]. The limitation
of this study was the minimal sample size, and this was due to
the difficulty of obtaining samples during the pandemic sea-
son. Further investigation is required to thoroughly examine
the corrosion resistance, durability, and mechanical proper-
ties of PTFE and varnish as magnetic coating material.

5. Conclusion

In conclusion, the results showed that the addition of PTFE
and varnish on the DMA surface tended to reduce magnetic
attraction force, but the thickness of these two coating mate-
rials would have no significant influence. The coating mate-
rial could be added to both assembly and keeper surfaces.
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