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General Information

The Japanese Society of Magnetic Applications in
Dentistry (President: Shuji Ohkawa, Meikai University) is
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Discussion:
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Optimal structural design evaluation of magnetic attachments using a three-
dimensional finite element method

H Nagai', H Kumano', R Kanbara', T Itakura', K Hayashi', A Ando', T Masuda', Y Nakamura',
Y Takada®, Y Tanaka', and J Takebe'

'Department of Removable Prosthodontics, School of Dentistry, Aichi-Gakuin University

’Division of Dental Biomaterials, Tohoku University Graduate School of Dentistry

Abstract

Magnetic attachments are designed to exert an attractive force at clinically useful levels. However,
improving the attractive force is necessary in order to deal with complex clinical conditions. The
present study analyzed and investigated magnetic attachments from the point of a magnetic circuit
using a three-dimensional finite element method to enhance their performance.

An analysis model was constructed based on a dental magnetic attachment (GIGAUSS D 600, GC).
In the analysis model, a round, non-magnetic material was embedded in 1) the disk yoke only, 2) the
keeper only, and 3) both the disk yoke and the keeper. The magnetic flux density distribution and
attractive force were analyzed by changing the diameter of the non-magnetic material by 0.05 mm.

An increase in the magnetic flux density on the attractive surface was confirmed by embedding a
non-magnetic material in the magnetic assembly and the keeper. However, the magnetic flux density
was oversaturated when it exceeded a certain value. A similar tendency was observed in the attractive

force.

Introduction

Magnetic attachments have continued to improve. Various magnetic circuits have been designed so
that the minimal amount of magnetic attachment can exert a high attractive force.

A magnetic attachment consists of a magnet assembly and a keeper. A magnet in the magnetic
assembly is encapsulated by magnetic and non-magnetic materials. Magnetic flux can penetrate a
magnetic body but cannot penetrate non-magnetic material. Magnetic flux is the magnetic line of force.
[t penetrates magnetic materials and forms a closed magnetic circuit that exerts an attractive force
when a magnetic assembly and a keeper come into contact."

Attractive force is affected by the attractive surface area of a magnetic assembly and a keeper and
the magnetic flux density. Since the size of a magnetic attachment should be minimal, it is impossible
to increase the attractive surface area of a magnetic assembly and a keeper.?) The attractive force of a

magnetic attachment can be effectively increased by increasing the magnetic flux density. A magnetic
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circuit changes by incorporating non-magnetic material in the inner structure of a magnetic assembly
and a keeper; this may increase the magnetic flux density. In other words, clinically feasible magnetic
assemblies and keepers can be developed by introducing an optimal magnetic circuit. The finite
element method is considered the most effective for optimizing the magnetic circuit, as it can visualize
the dynamic behavior of the magnetic circuit inside a magnet, and simulations can be performed by

changing the conditions.

Objective

A three-dimensional finite element method was used to analyze the influence of differences in the
magnetic circuit on the attractive force and to optimize the magnetic circuit by changing the internal

structure of the magnetic attachment.

Materials and Methods

1. Analysis model

The size of the magnetic assembly was 1.8 mm in radius and 1.3 mm in height. The magnet inside
the magnetic assembly was round with a radius of 1.3 mm and 0.5 mm in height. The size of a ring
was 0.2 mm in width and 0.2 mm in height. A disk yoke had a radius of 1.1 mm and a height of 0.2
mm. The keeper was round, with a radius of 1.8 mm and a height of 0.7 mm. Considering that the
model was axially symmetrical, the basic model was set at 1/4 scale (Fig. 1).

The analysis range was 2.0 mm around the magnetic assembly and keeper. Marc Mentat 2010 (Multi-
Purpose Finite Element Pre- and Post-Processor, MSC) was used for model construction, using pu-MF
(electromagnetic field analysis system, p-TEC) analysis software. Elements were three-dimensional
pentahedrons and hexahedrons. The element count was 53,802, and the nodal point count was 57,784.

The components of the magnet were Nd-Fe-B (Neodymium, Ferrum, Boron), and its magnetic
properties were calculated based on the thermal property of GIGAUSS D 600 and values provided by
the manufacturer.” The components of the yoke and keeper were measured by the magnetic properties
of SUSXM27, and the B-H curves of the magnetic properties were calculated by the approximation
formula (Table 1).

Table 1  Analysis conditions

.{* X
Magnet

Nd-Fe-B { BH ) max = 46 MGOe
Residual magnetic jnduction =1.22 T

Keeper & Yoke
[ SUS XM27 Saturation magnetic induction=1.35T ]

B-Hecurve B=Bs {1-exp(-p, " py* H/Bs)}

Fig. 1 Basic model
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2. Analysis items

(1) Disk yoke only

Non-magnetic material was embedded at the center of the disk yoke of a magnetic assembly and the
center of the attractive surface of a keeper. The radius of the non-magnetic material was changed in
0.05 mm increments from 0.05 mm to 1.0 mm at the center of a disk yoke (20 patterns in total) (Fig.
2).

(2) Keeper only

At the center of the attractive surface of a keeper, the radius of the non-magnetic material was
changed in 0.05 mm increments from 0.05 mm to 1.0 mm, and the depth was changed by 0.1 mm from

0.1 mm to 0.6 mm (120 patterns in total) (Fig. 3).

'Im Depth: 0.10 mm ~ 0.60 o
...... 0. 10 mm increment

)

Depth : 0.05 mm ~ 1.00 mm
0.05 mm increment

Radius: 0.05 mm ~ 1.00 mm
0.05 mm increment

Fig. 2 Analysis item

(3)Both the disk yoke and keeper

Fig. 3  Analysis item

(" Magnetic assembly ")

Radius: 0.05 mm ~ 0.50 mm

Parts of (1) and (2) were combined, and a total of

0.05 mm increment

\

>

1,200 patterns were analyzed (Fig. 4). "

Keeper
Analysis results were evaluated as the magnetic flux

0.05 mm increment

density and the attractive force.

0.10 mm increment

1200 patterns

-

Radius: 0.05 mm ~ 1.00 mm

Depth @ 0,10 mm ~ 0.60 mumn

~N

/

Results

Fig. 4 Analysis item

Attractive force and magnetic flux density distribution

(1) Disk yoke only

A graph of the attraction force of the analysis result is shown (Fig. 5). A gradual increase in the
attractive force was observed. The attractive force reached a maximum of 560 gf when the radius of
the non-magnetic material at the center of the disk yoke was 0.3 mm, but it decreased thereafter as the

radius of the non-magnetic material increased.
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Representative magnetic flux density distribution is shown in Fig. 6. An increase in the magnetic
density was confirmed in the magnetic assembly and the attractive surface of a keeper. When the radius
of the non-magnetic material at the center of the disk yoke exceeded 0.3 mm, the magnetic flux density
in the magnetic assembly and on the attractive surface of the keeper became oversaturated, and a

decrease in the magnetic flux density in the magnetic assembly and within the keeper was observed.

(ef) |:I Non-magnetic m: m:mI]
| 560 ef T
600
o 54
B s ’\ "
= | \ h-"‘ﬂ s
g (E ]
g 400 - 31
=) | Lo
% | Radius : 0. 15 mm Radius : 0. 30 mm .
€ 300 | an
e o
= 2o
0 3 an
0.0 02 0.4 0.6 0.8 10 Rasic model h
{mm }
Radius ‘
Radius : 0. 60 mm Radius : 0. 80 mm

Fig. 5 Attraction force Fig. 6 Magnetic flux density distribution

(2)Keeper only

A graph of the attraction force of the analysis result is shown (Fig. 7). A gradual increase in the

attractive force was observed. The attractive force
(ef)

reached a maximum of 582 gf when the radius of the

- ‘_"_’"‘\ Depth
. . 2 54 - 0
non-magnetic material at the center of the keeper was | 5 . = -
<f \ 03
0.6 mm, but it decreased thereafter, with an increased | 2 = -
2 -

o

radius of the non-magnetic material. There was little

influence on the depth of the non-magnetic material
until its radius at the center of the keeper’s attractive
surface reached 0.6 mm, where the attractive force

continued to increase.

Representative magnetic flux density distribution { — Non-maguetic material ]
) * Depth of non-magnetic material : 0. 1 mm
is shown (Fig. 8). An increase in the magnetic 4>I<x ~ —=
density was confirmed in the magnetic assembly and “-"""’“ ‘-“"ﬁp’:] n
L A e -
the attractive surface of the keeper. When the radius C_\‘Q Rodius :0.20mm  Radius: 0.40mm  [|o#
of the non-magnetic material at the center of the = r\q t’\l\ o
Basic model _y = o
keeper’s attractive surface exceeded 0.6 mm, the A as 4 \'
Radius - 0. 60 mm Radius : 0. 80 mm

magnetic flux density in the magnetic assembly and

on the attractive surface of the keeper became

0.2
Radi

06

us

{ mm }

Fig. 7 Attraction force

Fig. 8 Magnetic flux density distribution

oversaturated, and a decrease in the magnetic flux density in the magnetic assembly and within the

keeper was observed.
(3) Both the disk yoke and keeper

A graph of the attraction force of the analysis result is shown (Fig. 9). This is influenced by the radius
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of the non-magnetic material embedded in the
keeper’s attractive surface on the attractive force at
the depth where the radius of the non-magnetic
material at the center of a disk yoke was 0.15 mm.
There was no influence on the depth until the radius
of the non-magnetic material in the keeper’s
attractive surface reached 0.5 mm. The attractive
force was highest when the radius was 0.5 mm.
When the radius exceeded 0.55 mm, the attractive
force started to decrease and was affected by the
depth.

A graph of the attraction force of the analysis result
is shown (Fig. 10). This is influenced by a change in
the radius of the non-magnetic material in the
keeper’s attractive surface on the attractive force at
the center of a disk yoke. Since the depth of the non-
magnetic material had little influence until the radius
of the non-magnetic material at the center of the
keeper’s attractive surface reached 0.5 mm where the
attractive force continued to increase (Fig. 9), the
depth of the non-magnetic material was set at 0.1 mm.
The attractive force increased as the radius of the non-
magnetic material at the center of the keeper’s
attractive surface increased. The attractive force
reached a maximum of 598 gf when the radius of the
non-magnetic material was 0.15 mm and that of the
keeper was 0.5 mm; however, it decreased thereafter
as the radius of the non-magnetic material on the
attractive surface of the keeper increased.

The representative magnetic flux density
distribution is shown (Fig. 11). This is the radius of
the non-magnetic material at the center of the
attractive surface of a keeper that was changed when
the radius of the non-magnetic material at the center
of the disk yoke was 0.15 mm, and the depth of the

non-magnetic material at the center of the attractive

No.2 2017

Depth
g - a1
E. (2]
.8_, : as
% - o8
§ -
o
0.0 02 04 06 08 10
Radivs (D Lt
* Radius of non-magnetic malerial in shield disk : 0. 15 mm
Fig. 9 Attraction force (Influence of the depth)

= e
g b
8 )
g =
® o -

0.2 04 0.6 0.8

Keeper -

* Depth of non-magnetic material in keeper - 0. 1 mm

Fig. 10  Attraction force
(Influence of disk yoke and keeper)

— Non-magnetic material
* Depih of non-magnetic material : 0. 1 mm

* Radius of non-magnetic matcrial in a disk Yoke : 0. 15 mn]

Hadius : 0. 25 mm Radius : 0. 50 mm

BEEEOBUSEHNBS

Radius : 0. 75 mm Radius : 1.00 mm

Fig. 11 Magnetic flux density distribution

Center ol a disk yoke
0.15 mm
Center of the attractive surtace of a kecper
0.50 mm
Depth ol a keeper
0.10 mm

N

S

Maximum attractive force

598gf

[' Basic model : 544gf ]»[

~

Fig. 12 Optimal structural design model
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surface of the keeper was 0.1 mm.

An increase in the magnetic density was confirmed in the magnetic assembly and attractive surface
of the keeper. When the radius of the non-magnetic material at the center of the attractive surface of
the keeper exceeded 0.75 mm, the magnetic flux density of the magnetic assembly and on the attractive
surface of the keeper became oversaturated, and a decrease in the magnetic flux density in the magnetic
assembly and inside the keeper was observed.

From the analysis results so far, when the attractive force of the basic model was defined as 100%,
the attractive force increased to approximately 110% at a radius of 0.15 mm of the non-magnetic
material at the center of the disk yoke, a radius of 0.5 mm of the non-magnetic material at the center
of the attractive force of a keeper, and a depth of 0.1 mm of the non-magnetic material in a keeper

where the attractive force reached the maximum (Fig. 12).

Discussion

1. Efficiency of the finite element method

[t is difficult to measure and observe details of the behavior of the attractive and repelling forces
created by a magnet. This is because the magnetic field has a gradient in all directions, and, therefore,
a simple calculation formula cannot be established. The finite element method allows the visualization
and simulation of the inner behavior of the magnetic circuit by adding various conditions. It is
considered time efficient and cost-effective to search the optimal magnetic circuit using the finite
element method.
2. The relationship between the attractive surface area and the magnetic flux density

The attractive force of a magnet can be expressed as F = (1/2p0) * S * B?{po- space permeability, S:
attractive surface area, B: magnetic flux density}.* The attractive force of a magnetic attachment is
affected more by the magnetic flux density than by the attractive surface area.” Therefore, the
attractive force can be increased efficiently by increasing the magnetic flux density. The magnetic
circuit changes by replacing part of a keeper of a magnetic attachment with a non-magnetic material,
resulting in an increase in the magnetic flux density on the attractive surface. The attractive force was
affected more by an increase in the magnetic flux density than by a decrease in the attractive surface
area, resulting in an increase in the attractive force. However, there is a limit to the magnetic flux
density in the magnetic body, called “saturated magnetic flux density.” When the magnetic body
reaches that point, the increase in the magnetic flux density stops, even when the size of the non-
magnetic material continues to increase. As a result, the attractive force decreases, due to the influence
of the attractive surface area. The relationship between the attractive surface area and the magnetic
flux density is extremely important for optimizing the magnetic circuit.
3. Inferring the depth

The attractive force is affected by an increased magnetic flux density on the attractive surface, and it
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is rarely affected by the depth of the non-magnetic material. However, when the radius of the non-
magnetic material at the center of an attractive surface of a keeper exceeds 0.5 mm, the magnetic flux
density on the attractive surface becomes oversaturated. The magnetic flux that could not penetrate
the attractive surface flows into the non-magnetic material. The magnetic flux has difficulty
penetrating the non-magnetic material; however, a small amount of magnetic flux can flow. The deeper
the non-magnetic material gets, the more difficulty the magnetic flux has penetrating the non-magnetic
material. A decrease in the attractive force is considered to be caused by the depth of the non-magnetic

material.

Conclusion

Optimal structural design evaluation of magnetic attachments was analyzed and investigated using
a three-dimensional finite element method, and the following results were obtained:
1. An increase in the attractive force was confirmed by setting a non-magnetic material inside the
magnetic attachment and changing the magnetic circuit.
2. It was confirmed that the increase in the attractive force was greater when the non-magnetic
material was set at the center of an attractive surface of a keeper than at the center of a disk yoke of
the magnetic assembly.
3. The influence of the depth of non-magnetic material at the center of an attractive surface of a

keeper was small compared to the size of the radius.
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Effect of horizontally shifting the center of the magnetic assembly and that
of the keeper on the retentive force of cup-yoke dental magnetic
attachments
M. Takahashi, H. Sakatsume, M. Kanyi and Y. Takada

Division of Dental Biomaterials, Tohoku University Graduate School of Dentistry

Abstract

It is generally known that the retentive force of dental magnetic attachments decreases in the presence of
a gap. In this study, the retentive forces of cup-yoke type magnetic attachments in different horizontal
positions, were measured and the relationship investigated. The mechanism leading to the change was studied
by making use of models.

The three dental magnetic attachments used were: GIGAUSS, HYPER SLIM and an experimental set
made of HYPER SLIM magnetic assembly paired up with a keeper which had a hole at the center. Retentive
forces were measured as per ISO 13017, in various positions whereby the center of magnetic assembly and
that of the keeper was shifted horizontally at intervals of 100 um.

Retentive forces of all the sets decreased with increase in horizontal displacement. The decrease was not
uniform and the curve had many inflection points. Based on analysis using mathematical formulas,
conclusions could be made as follows: 1. Retentive force changes due to movement of magnetic assembly
away from the keeper though the actual determinant is the disparity in contact surface area between cup-yoke
to keeper and keeper to disk-yoke. 2. The change in contact surface area affects fields in the closed magnetic
circuit leading to reduced retentive forces.

Introduction

It is well known that the retentive force of a dental magnetic attachment decreases with the presence of a
vertical gap between mating surfaces, which may occur due to an air gap erroneously introduced into the
magnetic assembly during the fixation of a magnetic attachment into a removable denture."” The three-
dimensional finite element method of analysis and some rough measurements show that even in the absence
of a gap between the mating surfaces, any horizontal displacement between the magnetic assembly and the
keeper reduces the retentive force.>*) However, no available research shows the detailed relationship between
the horizontal displacement and the retentive force.

There are two types of magnetic attachments based on magnetic circuits: open and closed. The open
magnetic circuit type has a retentive force that is directly proportional to the area of mating faces in contact;
however, this type of attachment is hardly used. In contrast, the closed magnetic circuit type does not have a
retentive force that is directly proportional to the contact surface area. This is due to the influence of the
magnetic flux direction on the retentive force; this type of attachment is mainly used in Japanese products. A
proper understanding of the retentive force change mechanism is useful for developing a magnetic attachment
and the appropriate technique for clinical purposes.

Objective

In this study, the retentive forces of cup-yoke type dental magnetic attachments were measured in different
horizontal positions and the relationship between the retentive force and horizontal displacement was
investigated. The mechanism leading to the changes in retentive force was studied by means of modeling.

Materials and Methods

Three dental magnetic attachments were used: GIGAUSS D600 (GC), HYPER SLIM 3513 (Morita), and
an experimental set (hereafter named Hollow Keeper) based on a HYPER SLIM magnetic assembly paired
with a keeper (¢ 3.5 mm) made of SUS XM27 bearing a ¢ 1.4 mm hole at the center. A measuring device that
matched 1SO 13017:2012/Amd.1:2015%% was connected to a digital force gauge (ZPS, Imada). Retentive
forces were measured at a crosshead speed of 5 mm/min according to ISO 13017 in various positions wherein
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the center of the magnetic assembly and that of the keeper were shifted horizontally (horizontal displacement)
at intervals of 100 pm.

Simplified models of the magnetic attachments were used to assist in calculating the contact surface area
between the cup-yoke and the keeper and between the disk-yoke and the keeper in different positions. The
values derived from mathematical projections and calculated by formulas were compared with the actual
values.

Results

Dependencies of the retentive force on the horizontal displacement are shown in Fig. 1 for GIGAUSS,
HYPER SLIM and Hollow Keeper. Retentive forces for all three types decrease as horizontal displacement
increases. The dependency was not linear and had several inflection points. The curve lines for the retentive
force versus the displacement for GIGAUSS and HYPER SLIM were smooth in contrast to that for Hollow
Keeper, which had a single odd point slightly above 2 mm of displacement.

o
o

o

o

>
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o
o
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Retentive force (N)

0.0 _— .
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Horizontal displacement (mm)

c: Hollow Keeper
Fig. 1 The retentive force against the horizontal displacement

Discussion

1. Internal structure of dental magnetic attachments

To analyze the retentive force of a magnetic attachment, it is important to know the internal structure of
magnetic attachments beyond the information disclosed by the manufacturer. A simple model of magnetic
attachments for illustration of internal structure is shown in Fig. 2, where r is the radius of the magnetic
assembly and keeper, a is the radius of the disk-yoke, 4 is the thickness of the shield ring (spacer),c=a + b

is the radius of the disk-yoke and thickness of the shield ring, and d is the radius of the hole in the Hollow
Keeper.
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=00

a: Magnetic attachment  b: Magnetic assembly c: Keeper d: Hollow Keeper
transverse view surface view
Fig. 2 Simple model of magnetic attachments

The magnetic attractive force (F) is calculated using equation (1), where C is the constant, B is the magnetic
flux density, and S is the surface area. Increasing the magnetic flux density enhances the magnetic attractive
force, as compared to a similar increase in the surface area of a mating surface.

F=CxB?xS (1

Since a strong neodymium magnet was used in all the sets in this study, the magnetic flux density at the cup-
yoke surface was predominantly saturated. Therefore, the cup-yoke surface area was the main determinant
of the retentive force. Magnetic flux begins on the cup-yoke and returns to the magnet through the disk-yoke.
To optimize this effect, the design should be geared toward a cup-yoke, which has a surface area (Sc.p) equal
to or slightly smaller than that of a disk-yoke (Suis).

Seup = mr? —m(a+ b)? (2)
SdiSk = T[ﬂ.z (3)
Scup < Sdisk (4)

As an illustration, GIGAUSS has an outer diameter of 3.6 mm (radius is 1.8 mm), and a shield ring generally
is 0.15~0.2 mm thick.>® Thus = 1.8, and b = 0.2. After substituting the above values into equations (2-4),
one obtains a > 1.169. The thickness of the cup-yoke {r - (¢ + b)} is 0.4 mm, whereas the radius of the disk-
yoke is 1.2 mm. In a similar way, for HYPER SLIM (r = 1.75 and b = 0.2), one can calculate the thickness
of the cup-yoke as 0.4 mm and the radius of the disk-yoke as 1.15 mm.

2. Calculation of the contact surface area between magnetic assembly and the keeper

Since the retentive force of the magnetic attachment was dependent on the contact surface area between
the magnetic assembly and the keeper, we calculated the contact surface area for the horizontal displacement.
The horizontal displacement (¢) represents the distance between the center of the magnetic assembly and that
of the keeper, which was calculated using equation (5). The central angle, @, is formed by the intersection of
two lines drawn from the center of either the keeper or the magnetic assembly to each of the two points where
the outer margins of the keeper and the assembly intersect (Fig. 3a).

t=2r cosg (5)

¢ and ¢ in Fig. 3a correspond to the shifting movement of the assembly or the keeper. Wherein 8: m— 0 in
equation (5), t: 0 — 2r. The overlap decreases until the assembly and the keeper eventually separate
completely (Fig. 3a).

Two additional equations were derived in order to calculate the contact surface area of the magnetic
assembly in contact with the keeper at different positions based on the displacement. Equation (6) is based
on Fig. 3b, which illustrates a certain position when area S, is formed by two components with the same
radii () at distance ¢.

S,.r=rrr2%X2—r-rsin9=r2(8—sin9) (6)

Equation (7) is based on Fig. 3¢, which illustrates a certain position in which area S was formed by two
circles with different radii (r, ¢) at distance 7.
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t24c2—r? 1 [t2—c?+r? Jat2c2—(t24c2—r?)?
—)+:r2 cos 1( )— 7

2

S, =¢%0"+7r%0" —t xcsin@' = c?cos™! (
2tc 2tr

, tP+ct—r? . tr=c?+r? o .
wcost ZT’ cosf' = ——, sin“ 8 +cos“ 6 =1

2tr

a: Horizontal displacement ¢ b: Same radius size c¢: Different radius size
and central angle ¢
Fig. 3 Calculation of the contact surface area in various positions of displacement

3. Contact surface area of GIGAUSS and HYPER SLIM

Since the retentive force of the cup-yoke-type magnetic attachment was relatively dependent on the area
of the cup-yoke surface in contact with the keeper, the area values were calculated at three different positions
of horizontal displacement as a result of shifting either the keeper or the assembly laterally. Figure 4 shows
equations for calculating surface area S, 1-3 corresponding to horizontal displacements /1-3.

Seupl = 1r*(6 — sin @) — mc? (8)
Seup2 =1%(6 —sin @) — {c2 cos™! (_¢z+cz_r ) + 1% cos™?! (tz_:;”z) - J“zcz_(t:ﬂz_rz)z} 9)
Seup3 =1%(0 —sin ) (10)

cup

O -
.O

Fig. 4 Schematic diagram for calculating the surface area of a cup-yoke in contact with a keeper in different
positions

Values obtained from equations (2-4) for both GIGAUS and HYPER SLIM were substituted into equations
(8-10), and the obtained values were plotted on a graph, as shown in Fig. 5a or 5b (blue lines).
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Fig. 5 Contact surface areas against the horizontal displacement
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Although the general view of the cup-yoke curve lines is similar to the retentive force in Fig. | for values
less than 2 mm, the difference becomes apparent for values above 2 mm. This is due to the fact that the
surface area between the cup-yoke and the keeper is not the only factor that determines the functionality of a
closed magnetic circuit. Therefore, the dependence of the area of the disk-yoke surface in contact with the
keeper (Suisk1-3) on horizontal displacement (¢1-3) was determined as shown in Fig. 6, using the following
equations.

Saisk1 = ma® (1)
1 (tP+a?-r? 1 (tP=a?+r? 4t2a?—(t?+a-r?)?

Saisk2 = a* cos™? (T) +7r%cos™? ( oy ) _Y . (12)

Saisk3 =10 (13)

The values obtained for GIGAUS and HYPER SLIM were substituted into equations (11-13), and obtained
values were plotted on a graph as shown in Fig. 5a or 5b (magenta lines).

O
)
o

Fig. 6 Schematic diagram for calculating the surface areas of a disk-yoke in contact with a keeper

Saisk1 =

Sgisk2 =

Sgiskd =0

Magnetic flux from the cup-yoke passes through the keeper and returns to the magnet via the disk-yoke in
a closed magnetic circuit system. When the surface area of the contact between the disk-yoke and the keeper
is smaller than that between the cup-yoke and the keeper, the magnetic flux that exits through the cup-yoke
does not return back, as in the case of a closed magnetic circuit. In such a case, the total retentive force is a
function of both closed and open magnetic circuit systems. Therefore, the effect of the surface area on the
retentive force should be considered in a relative manner. The resulting surface area related to the total
magnetic circuit effect is designated as “Syqe.”” When the contact surface area between the cup-yoke and the
keeper is smaller than that between the disk-yoke and the keeper, the magnetic circuit works absolutely as a
closed magnetic circuit, and Sy is equal to Se,. The value of the retentive force in a closed magnetic circuit
is 2-4 times larger than that of an open magnetic circuit. The influence the area has on the retentive force in
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an open magnetic circuit is 1/3 of a closed magnetic circuit. Therefore, S can be calculated using equation
(14) in a case when the surface area of contact between the cup-yoke and the keeper is larger than that between
the disk-yoke and the keeper.

Smag = Saisk T w (14)

The resulting surface area (S,.4¢) values were converted to retentive forces. The conversion was based on
the Swae value and actual measured force value at a position where £ = 0 (without displacement), and then
plotted as shown in Fig. 7. The similarity in the shape of the curves indicates that the retentive force is
dependent on the contact surface area, which influences the magnetic circuit. In general, the actual measured
values were higher than those generated using values from projected calculations. This is probably due to the
leakage of the magnetic flux from the cup-yoke through a portion of an area that does not contact the keeper.

6.0 6.0
= Actual measured value =3 Actual measured value
E 40 } ——Values derived from E 4.0 ——Values derived from
:c_-, mathematical formulas :c_-, mathematical formulas
2 2
=20 | = 20 |
D 0]
© ©
14 14
0‘0 " 1 L L L I s 00 " 1 " 1 " 1
0.0 1.0 2.0 3.0 4.0 0.0 1.0 2.0 3.0 4.0
Horizontal displacement (mm) Horizontal displacement (mm)
a: GIGAUSS b: HYPER SLIM

Fig. 7 Retentive force against the horizontal displacement

4. Contact surface area of the Hollow Keeper

Calculating the contact surface area in the case of the Hollow Keeper is quite complex, as illustrated in
Fig. 8. The contact surface areas between the magnetic assembly and the keeper in various positions of
displacement were plotted on a graph and are shown in Fig. 9a as blue and magenta lines for the cup-yoke
and disk-yoke, respectively. It is remarkable that, at certain positions of displacement, the contact surface
area of either the cup-yoke or the disk-yoke against the keeper increased with an increase in the horizontal
gap. Similarly, when the area of the disk-yoke in contact with the keeper was smaller than that of the cup-
yoke in contact with the keeper, the resulting surface area related to the total magnetic circuit (Spuqg) was
calculated using equation (14). Both derived and actual values were represented on a graph are shown in Fig.
Ob. In general, the shapes of the two curves are similar. There was a peculiar point (= 2.1 mm) on the graph
when the curve based on derived values showed a spike. This represents the position where the retentive
force based on Sy increased with an increase in the horizontal gap. The spike corresponded with a previously
noted odd point on the curve of the actual measured values. This proves that the retentive force is influenced
by the resulting contact surface area related to a magnetic circuit. The reason for the large difference between
the actual and calculated values at = 1.0~2.0 probably lies in the effect of the magnetic flux leakage through
the hole that exists in the keeper in that displacement range.

Fig. 8 Schematic diagram for calculation of surface areas of the cup-yoke in contact with the Hollow
Keeper

13
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Fig. 9 Contact surface areas and retentive force of the Hollow Keeper against horizontal displacement

Conclusion

The retentive force of all sets decreases as the horizontal displacement increases. The decrease was not
uniform, and the curve had several inflection points. Analysis carried out by means of mathematical formulas
demonstrates that the retentive force is influenced by the contact surface area between the cup-yoke and the
keeper, as well as the disk-yoke and the keeper, which determine the resulting contact surface area in the
magnetic circuit.
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A case report of an implant overdenture using Magfit SX2®
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Abstract

A 76-year-old man with a chief complaint of a masticatory disturbance with his upper
denture came to our hospital in September 2010. Although we fabricated the upper
acrylic resin base denture, the patient was not satisfied. Then, after consulting, we
fabricated an implant overdenture.

In the case of an implant overdenture, it is difficult to get a well-balanced adjustment
for the amount of tissue displacement between the mucosal surface and the implant
abutment. In some cases, the attachment may not obtain suction due to the mucous
membrane. Magfit SX2®, which was used in this case, has a 0.4 mm range of motion,
which is approximately the amount of tissue displacement. We fabricated the implant
overdenture with Magfit SX2® using this procedure in order to take advantage of this
attachment’ s characteristics and shorten the treatment time.

Four years have passed since the insertion of this denture; it has functioned well, and
the patient is currently satisfied. It seems this method can easily balance the amount of
tissue displacement.

Introduction

Magnetic attachments have been medically approved and quarter a century became
common as an abutment device for dentures, and it has also qualified for national exams
of dentistry. When using a natural tooth as an abutment, there is the potential for
interference equal to a displacement amount of about 70 um due to the periodontal
ligament. However, with an osseointegrated oral implant abutment, adjustment of the
displacement amount of the mucosa and the pressure of the implant often depends on
the clinical experience, such as design, implant implantation position, and impression
pressure.

Magfit SX2®
(Self-adjusting type)
Structure and material

Magnetic assembly POM (polyacetal) '

0.4'mm
When stretched

The cap can be inclined by 04 mm or 8° in the
vertical direction according to the movement

of the denture. The fitting force of the cap is
about 15 Kgf.

15
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This figure shows the schematic diagram of a Magfit SX2® (self-adjusting type) that
has a loose pressure capability, which was used this time. In this issue, we will introduce
the method of denture fabrication taking the Magfit SX2® into consideration for
adjusting the pressure displacement amount.

Outline of the case

A 76-year-old man with a chief complaint of masticatory disturbance with his upper
denture came to our hospital in September 2010. He hoped to obtain a new denture,
because the upper complete denture that was made three years ago was not able to
chew much. His past history included a cholecystectomy and the ossification of the
posterior longitudinal ligament. He was using an upper complete denture that had no
spillway and an anti-Monson curve condition. Moreover, because the denture margin
was short, due to posterior osteoporosis, I made an upper-jaw resin denture at the
patient’ s request. However, he was not satisfied; therefore,

I decided to produce a magnetic implant overdenture with the implant.

X-ray photograph before and after

implant-placement surgery

These panoramic X-ray images are from before and after implant implantation.
Absorption of the maxillary alveolar bone is recognized; however, in March 2011, we
implanted a 4.3 mm x 13 mm tapered implant at the maxillary bilateral canine tooth and
the second molar tooth (17, 13, 23, and 27).
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Therapeutic procedures

We surgically removed the stent for implantation with reference to the denture made
at the first visit and after the first operation and second operation, since the outer
mucosal symptoms on the buccal side of the second molar teeth on both sides were
remarkable. After that, we observed the outcome while using mucosal conditioning
material. For the final denture production, we made a pilot denture, duplicated it and
attached the magnet structure to the denture after the metal floor denture was made,
and completed it.

Working cast*Record base with

occlusion rim=Wax denture

The pilot denture working model, the occlusal floor, and the crescent teeth are shown.
The implant was placed in a good position by using the dental prostheses made at the
initial visit for examining the implant placement position.

Wax denture - bite-seating impression * finished denture
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A crescent tooth and bite impression and a completed denture are shown. The fitting
of the pilot denture was also good.

Mucosal surface-matching state

Installation of denture

After 5 days After 15 days

The temporal course of the mucosal surface and the change in the conformity state at
occlusion are shown. The compliant condition was improved after five and fifteen days
of wearing the denture.

Impression of the pilot denture

The bite-seating impression using the pilot denture is shown. The fitting and occlusion
of the pilot denture were also good. Instructions on the finishing line and palate denture
margin have been written in the bite-seating impression and the pilot denture.
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Working cast and wax denture

The working cast and wax denture are shown. A buccal side core, arrangement of the
artificial teeth, and finished wax dentures were obtained.

Finished denture and the magnetic

attachment placed on the denture

The impression for the finished denture and the magnetic attachment put on the
denture are shown. From the thickness of the impression material, it can be seen that
the fit of the denture is good. On the model, after injecting gypsum in the laboratory,
the magnet structure was attached to the denture.

19
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After denture insertion

The patient is shown after putting on the denture. The fitting and power maintenance
of the denture was good, and the patient was also satisfied with the oral sensation of the
palatal denture base. Due to the stabilization of the maxillary dental prosthesis, the
bridge of the mandible had been worn for about two years and was confirmed to be
flushed. After extraction of the tooth, it became a complete denture.

Three years and six months after

providing the patient with dentures

An intraoral photograph taken three years and six months later is shown. The
occlusion was stabilized by making the lower jaw into a complete denture.
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Four years and three months after

providing the patient with dentures

Photographs of the inside of the mouth and the dentures after four years and three
months are shown. Although five years have not yet passed, I was pleased when the
patient visited last month and was satisfied.

Discussion

It is difficult to adjust the amount of pressure on the implant in a well-balanced
manner; in some cases, the attachment may not be adsorbed due to repulsion of the
mucosal tissue. The Magfit SX2®, which was used this time, has a range of motion of
0.4 mm, which is close to the amount of pressure displacement of the mucosa.
Furthermore, the denture was made in consideration of its characteristics and
impression pressure control. Since the patient has functioned well now, even four years
after its installation, this method seems to make it easy to balance the amount of
implant displacement and mucosa pressure, even for dentists who do not have clinical
experience.

21



22

JJ Mag Dent vol.26 No.2 2017
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Abstract

The purpose of this study was to evaluate the influence of 2 different abutment tooth forms (for metal
coping and CAD/CAM coping) on the fitting accuracy of zirconia coping. Zirconia copings were made of a
semi-sintered zirconia block (Cercon® base, DeguDent) using the dental CAD/CAM system (Cercon® brain,
DeguDent). Fitting accuracy was evaluated by a cement-replica technique with white and blue silicone
materials. After the cement-replica specimens were sectioned, the thickness of the cross-sectioned white
silicone layer was measured at 5 points. For zirconia coping specimens, the mean discrepancy of fitting

gaps was over 120 ym between the die and the zirconia coping at all points in each group. This study

suggested that the zirconia coping fabricated by this system requires more precise fitting accuracy.

Introduction

The dental CAM system and CAD/CAM system has been used generally to fabricate various prostheses in
clinical dentistry. The progress of dental CAD/CAM technology has made it possible to use high-strength
ceramic materials such as zirconia, and zirconia ceramics have become popular materials in clinical
dentistry. Zirconia ceramics have excellent mechanical strength for prosthetic appliances and are
biocompatible with a significant reduction in plaque.” These facts suggest that zirconia ceramics are
clinically useful for keeper copings of magnetic attachments.

Nevertheless, the keeper copings of magnetic attachments were still cast by the lost wax method used in
dental casting. Our present study? introduced the method of zirconia keeper copings fabricated by the
dental CAM system. However, the adaption had poorer clinical acceptability than did other prostheses.
Thus, we prepared 2 different abutment tooth forms for zirconia keeper copings and investigated the fitting
accuracy.

The purpose of this study was to evaluate the influence on fitting accuracy of 2 different abutment tooth
forms of zirconia copings fabricated by the same CAD/CAM system.

Materials and Methods

Materials: The prepared epoxy resin lower canine tooth (338: NISSIN) was selected as the abutment tooth.
The abutment tooth forms for the metal coping (MC) and the abutment tooth form for the CAD/CAM
coping (CC) are shown in Figs. 1 and 2. As compared to the abutment tooth form for MC, the rotational
resistance groove was removed for the CC, giving additional reduction to gain more clearance and
rounding all orifice line angles.

The keeper copings were fabricated using the dental CAD/CAM system (Cercon® brain, DeguDent), and a
semi-sintered zirconia block (Cercon™ base, DeguDent) was employed for the keeper coping material
(Table 1).

(S,

Lingual view Occlusal view Buccal view

Fig. 1 Abutment tooth form for the MC
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Lingual view Occlusal view Buccal view

Fig. 2 Abutment tooth form for the CC

Puroduct Composition

Cercon® base Zr0,89.2%
Y,0; 5.0%
HfO, 5.0%

other oxides

Table 1 Material composition

Methods (Cement-replica technique): Fitting accuracy was evaluated using a cement-replica technique.
Each keeper coping was placed in the master die with a white silicone material (FIT CHECKER
ADVANCED, GC). After curing the white silicone material, the keeper coping with the white silicone
material was removed from the master die. Then, the keeper coping with it was embedded in a blue silicone
material (EXAMIXFINE Regular Type, GC). The keeper coping was demounted from the cured silicone
material, and a blue silicone material filled in the space (Fig.3).

"R
A g

Fig. 3 Procedure for fabricating specimens (cement-replica technique)

Determination of fitting accuracy: Each silicone-replica specimen was sectioned in the buccolingual
direction through the center of the coronal root. The measuring points of the white silicone layer are shown
in Fig.4. The thickness of the white silicone layer was measured at each point (a: canal orifice of the lingual

wall; b: center of the lingual wall; c: apical part of the post; d: center of the buccal wall; e: canal orifice of
the buccal wall).

23
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Fig. 4 Locations of the measuring points

Results

The mean thicknesses of the white silicone layer, namely the mean fitting gaps, were 781 =79 um at point
a, 16769 um at point b, 193 £31 umat point ¢, 168 £58 um at point d, and 156 £ 46 umat point e in the MC
group (Fig.5). There were statistically significant differences between point a and other measuring points
by one-way ANOVA and the Tukey—Kramer method (p<0.05).

In the CC group, the mean fitting gaps were 300 £ 147 um at point a, 171 £19 um at point b, 250 = 67 um

at point ¢, 127 =43 um at point d, and 192 % 129 um at point e (Fig.6). There were no significant differences

in the mean thicknesses of the white silicone layers between the 5 measuring points by one-way ANOVA
and the Tukey—Kramer method (p<0.05).

Application of the Student t-test indicated that there was a statistically significant difference between the
MC and the CC groups at point a (Fig.7).

1000

800 L

600

400

] "N
a b c d e

Fig. 5 Mean thicknesses of the white silicone layers at 5 measuring points (MC)
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Fig. 6 Mean thicknesses of the white silicone layers at 5 measuring points (CC)
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Fig. 7 Mean thicknesses of the white silicone layers at 5 measuring points in both groups

Discussion
Within the limitations of this study, it was concluded that modification of the abutment tooth form
improved fitting accuracy at point a in this system. This result indicates that removing rotational resistance
grooves and rounding all orifice line angles could have influenced the fitting accuracy of point a. However,
the fitting accuracy of a zirconia keeper coping fabricated by this system, ether MC or CC, had

unacceptable marginal gaps of 100 um.?) This result suggests that the adaptation of a zirconia keeper coping

fabricated by this system is not clinically recommended. Further investigation is needed to fabricate
CAD/CAM keeper copings.
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Abstract

The purpose of this study was to evaluate the fitting accuracy of zirconia keeper copings manufactured by
computer-aided design and manufacturing using scan posts.

The keeper copings, made from a zirconia block, were fabricated with four different cement spaces as
specimens (n=3 for each). The fitting accuracy of the specimens was evaluated using the cement replica
technique. Each silicone replica specimen was sectioned in the buccolingual direction through the center of
the coronal aspect of the root. The thickness of the white silicone layer was examined at five measuring points
(A: canal orifice of the lingual wall, B: center of the lingual wall, C: apical part of the post, D: center of the
labial wall, E: canal orifice of the labial wall).

The mean thickness of the white silicone layer at the five measuring points was 81422, 239439, 574468,
223+43 and 67+19 um for points A, B, C, D and E, respectively. There was no significant difference between
the results for each cement space (P<0.05).

Within the limitations of this study, it was suggested that the fitting accuracy of zirconia keeper copings
manufactured with this CAD/CAM system using scan posts was within the clinically acceptable range,
excluding marginal gaps.

Introduction

Advancements in computer-aided design/computer-aided manufacturing (CAD/CAM) techniques have
improved prosthetic devices milled in the dental clinic and laboratory. With CAD/CAM techniques,
copings and frameworks for all-ceramic restorations can be made from zirconia. This material has high
stability and toughness. Digital impression systems are generally composed of a three-dimensional scanner
recording the object and CAD software that uses the scanned image to design the prosthesis.

Although a method for manufacturing CAD/CAM keeper copings using a scanning probe has been
reported”) , the keeper coping of the magnetic attachment was still manufactured using the lost-wax
casting method.

Recently, laser scanning using a dental CAD/CAM system has been primarily used for producing zirconia
prostheses because of its high-precision performance. However, there is greater distortion of the digital
impression when scanning a prepared root canal, possibly because of the limitations of the specific
scanning technology. Although applying a scan post could enable digital images of the prepared root canal
to be obtained, there have been no studies investigating this method.

The purpose of this study was to evaluate the fitting accuracy of zirconia keeper copings manufactured by
CAD/CAM using scan posts.

Materials and Methods

Keeper coping fabrication

Prepared epoxy resin mandibular canine teeth (338; Nissin) with a root canal length of 5.0 mm were selected
as abutment teeth for the keeper copings. Impressions were taken of the prepared teeth using silicone
impression material (Examixfine Regular Type, GC). The working casts were made of type [V gypsum (New
Fujirock, GC). A scan post (Scan Posts, 3Shape) was placed into the prepared post space on each working
cast (Fig. 1). The keeper copings were designed using CAD software (Dental Designer, 3Shape) after
digitalization of the die was performed using a laser scanner (Aadva Scan D850, GC).

The keeper copings, made from a zirconia block (Aadva Zirconia Disk, GC), were fabricated with four

different cement spaces as specimens (Fig. 2). Each cement space for the zirconia copings was fabricated
using a milling machine (GM-1000, GC).
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Fig. 1 Scan post placed into the prepared root canal on the master die
(A. Scan posts, B. Insert into the master die)

Cement space (pm)

1 a:10 B:40

Fig. 2 Four different cement spaces

Cement replica technique

The fitting accuracy was evaluated using a cement replica technique. The post space was filled with a
white silicone material (Fit Checker Advanced, GC) and the keeper coping was seated on the master die
using finger pressure. After curing the white silicone, the keeper coping and white silicone material were
removed from the master die. These keeper copings were then embedded in a blue silicone material
(Examixfine Regular Type, GC) and the space created by demounting the keeper copings from the cured
silicone material was filled by the blue silicone (Fig. 3).

Fig. 3 Fabrication of the specimens (cement replica technique)

Fitting accuracy

The silicone replica specimens were sectioned in the buccolingual direction through the center of the
coronal aspect of the root (Fig. 4). The thickness of the white silicone was determined as a measure of the
discrepancy between the die and the restoration. The distances were recorded at five different measuring
points. The measuring points are defined in Fig. 5.

27
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Fig. 4 Silicone replica specimen sectioned in
the buccolingual direction

Fig. 5 Measuring points
(A: canal orifice of the lingual wall, B: center
of the lingual wall, C: apical part of the post,
D: center of the labial wall, E: canal orifice of
the labial wall)

Statistical analysis

The fitting accuracy at the different measuring points was analyzed statistically using one-way analysis of
variance and post hoc Scheffé test (2<0.05).

Results

The mean thicknesses of the white silicone were 81+22, 239+£39, 574+68, 223+43 and 6719 um for points
A, B, C, D and E, respectively. Point C had significantly higher values as compared to the other measuring
points (Fig. 6).

There were no statistically significant differences among the different cement spaces.

1,000
% %*
800 r - 1T - 1
) 1 1
* *
600 ' ' l ' '
400
- I .
, 4 =
A B C D E
(pm)

Fig. 6 Thicknesses of the white silicone layers at five measuring points
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Discussion

Suto et al. reported that the clinically acceptable limit for the fitting accuracy of CAD/CAM restorations is
a discrepancy up to 100 pm? .

The gaps at point B, C and D had higher values when compared with the clinically acceptable range.
However, there was a possibility that the fitting accuracy achieved was within the clinically acceptable range
because of modifications to the spacer setting on the CAD software.

The mean of the internal gaps at points A and E in this study ware within 100 pum. The fitting accuracy of
the zirconia copings fabricated using the scan posts method was within the clinically acceptable range when
excluding marginal gaps.

The fitting accuracy of the marginal gaps in the keeper copings manufactured with this CAD/CAM system
should be examined in future studies.

Conclusion

Within the limitations of this study, it was suggested that the fitting accuracy of zirconia keeper copings
manufactured with this CAD/CAM system using scan posts was within the clinically acceptable range,
excluding marginal gaps.
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