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Application of a Night Guard Using a Magnetic Attachment
on a Patient with Bruxism

S. Kamogawa,1 N. Tsukimura.,l’2 M. Morokuma,lN. Suzuki,1 Y. Takeuchi,1 S. Ohno,1 T. Azuhata,1 Y. Abe,1 T.
Ishigami'

! Department of Partial Denture Prosthodontics, Nihon University School of Dentistry, Japan
? Division of Clinical Research, Dental Research Center, Nihon University School of Dentistry, Japan

Introduction

For handling of a removable denture, most dentists usually instruct patients to remove their dentures
overnight. On the other hand patients with bruxism are occasionally advised to wear at night because remain teeth
should be protect from the mal-functional pressure under bruxism. However, when dentures are used during sleep,
the mal-functional pressure under bruxism may result in their repeated fracture.

One clinical case involved a bruxism patient who used a night guard with a magnetic attachment while
sleeping.

Case

CASE

Patient:68y. Male

Fig.1 Occlusal view of
remaining dentition

Figure 1 shows the oral cavity.

The patient is a 68-year-old male.

The copings with a post-keeper were set at Nos. 12, 17, 21, 22, and 23, all of which were concave due to
lack of clearance except for No. 17.

The No. 35-44 dentition (6 anterior and 4 posterior teeth) was fabricated by resin facing cast crown in
mandible. Maxillary right incisor (No. 11) that was un-extractive owing to patient systemic condition
(hypertension).

Fig.2 Intraor ing denture

Figure 2 is a recently fabricated maxillary denture.

This denture was not extended to spaces Nos. 26 and 27 because of missing teeth (No. 36 and 37) in the
mandible. A non-palatal metal denture frame was designed for comfort, increased strength, and fracture
avoidance.

Figure 3 and 4 show the old denture that the patient wore while sleeping.

The denture caused significant problems (abrasion and break of the artificial teeth, loosing of the magnetic
assembles and damage of the metal frame) when worn as a night guard while asleep. In addition, some of the
covered hard resin on the anterior teeth was repeatedly chipped and damaged. A soft night guard was worn over
the mandible dentition. However, the patient did not wear the device due to discomfort and interference with
sleep.
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After taking an impression for a night guard, a working cast was fabricated (Fig. 5).
The night guard was took a registration of interocclusal relation using the replica of the new denture, so that
was obtained similar occlusal vertical dimension (Fig. 6).

After the working cast was mounted on the articulator, the replica was revised to the form of the sprint, and
then the core of the splint was taken by putty type of silicone impression material for making same form of the
replica (Fig. 7).

The night guard using a magnetic attachment was made with a transparent acrylic denture base resin
(Palapress Vario, Heraeus Kulzer). The acrylic resin of the artificial teeth was injected into the core on the
working cast and polymerized in the Palamat practice pressure curing unit 55°C at 2 bars pressure
for 30 min using the pressure pot.

The product was polished using the conventional method (Fig. 8).

Fig.9 the night guard with magnetic attachment

Figure 9 shows the night guard with a magnetic attachment.

Five magnetic assemblies were set in the corresponding keeper position in the night guard with a quick
self-curing (ORTHOFAST, GC) in the oral cavity.

The finished night guard form was considered to be similar to that of the existing denture as long as it was
acceptable for the patient.

Fig.10 wearing the night guard with
magnetic attachment

Figure 10 shows the night guard with the magnetic attachment.
All functional cusps in centric occlusion were adjusted to a point contact to avoid occlusal interference.

Considerations

In clinical practice, it is frequently difficult to find a satisfactory treatment solution.
Our results showed that the night guard that we provided in this case remained in good condition for 6 months and
offered full satisfaction for the patient. However, follow-up of the progress over a long term will be needed.
In conclusion, the night guard with a magnetic attachment was useful for a patient with bruxism who wore an
overdenture using magnetic attachments. Magnetic attachments may have various possibilities for application in
complicated cases involving prosthetics.

References

1.'Y. Komasa, E. Nagai, K. Sugikami, and Y. Shiina, Dental Technology of Denture: 235-237, Ishiyaku Publishers,
Inc., Tokyo, 2007.

2. S. Endo, T. Ishigami, K. Miyata, H. Toyoma, M. Tsuyumu, and T. Azuhata, Hardening time of self-curing resin
for installing magnets and removing dentures, JJ Mag Dent, 18 (2): 46-49, 2009, 3.
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Development of a Magnetic Rest Clasp
Part 2. An Application of a Magnetic Rest Clasp for Porcelain
Fused to Metal Crowns

Toshiaki Hasuike, Toshiyuki Kusano, Fumiko Okutsu, Takaaki Matsukawa, Mineyo Sone, and Shuji Ohkawa

Division of Removable Prosthodontics, Department of Restorative and Biomaterials Sciences, Meikai
University School of Dentistry

Introduction

The increased emphasis on physical appearance in contemporary society has increased the demand for
esthetic dental treatment.

The metallic color of the buccal clasps on premolars or canines is one of the common causes of patient
rejection. The appearance would be vastly improved if metal buccal clasps were eliminated. However, the
retentive function of clasps without buccal arms is extremely poor. We developed a new retainer without a
buccal clasp arm and with a magnetic attachment in the occlusal rest of the clasps (Magnetic Rest Clasp). '

Objective

The purpose of this study is to introduce the fabrication of a new retainer, a “Magnetic Rest Clasp,” for
porcelain fused to metal crowns on lower premolars with a plastic jaw model having artificial teeth.

Materials and Methods

Table 1 Materials used

Materials Product name Manufacturer
Magnetic attachment GIGAUSS C400 GC

Housing pattern Housing pattern (C400) GC

Keeper tray KB keeper tray (C400) GC

Alloy for ceramic bonding (Type L) Bio Herador N Heraeus-Kulzer
Alloy for framework (Type L) Bio Maingold SG Heraeus-Kulzer
Veneering ceramics VINTAGE Halo SHOFU
Cementing material Super-Bond C&B SUN MEDICAL
Pattern resin PATTERN RESIN GC
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Fig. 1 Magnetic attachment a: keeper; b: keeper tray; c: magnetic assembly; and d: housing pattern
GIGAUSS C400 (GC) used in this study.

Figs. 2 and 3 Working model
The working model is made from a plastic jaw model (DENTAL STUDY MODEL E50-526, NISSIN).

Fig.4 Working model (occlusal view of the abutments) Fig.5 Working model (lingual view of the abutments)
The abutments have partially concave forms for the magnetic attachment.
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a:7.0mm b:3.0mm c:3.8mm

Figs. 6 and 7 Wax pattern of porcelain fused to a connected metal crown
The wax pattern has a guide plane on the lingual and distal sides.

Fig.8 Wax pattern with a keeper tray
A minimum 0.3mm thickness of wax between the keeper and abutment is required for proper casting.
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Figs. 9 and 10 Framework of porcelain fused to a connected metal crown without a keeper on the working
model (buccal view and lingual view)
The framework is cast with a type [ gold alloy (Bio Herador N, Heraeus-Kulzer).

Figs. 11 and 12 Porcelain fused to a connected metal crown without a keeper on the working model (occlusal
view and lingual view)
The abutment crown has guide planes and channels.

Figs. 13 and 14 Lingual view of porcelain fused to a connected metal crown
A hygienic design is used for the gingival surface.
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Fig. 15 Porcelain fused to a connected metal crown with a keeper on the working model
The keeper is fixed with a cementing material (Super-Bond C&B, SUN MEDICAL).

Fig.16 Resin and wax pattern of the Magnetic Rest Clasp and minor connector incorporating the housing
pattern of the magnetic assembly (lingual view)
This pattern has no buccal clasp arm.



JJ Mag Dent Vol.19 No.2 2010

Fig.17 Inner surface of the finished Magnetic Rest Clasp with a magnetic assembly
The Magnetic Rest Clasp is cast with a type [J gold alloy (Bio Herador SG, Heraeus-Kulzer) and has a channel

at the lingual clasp arm tip.
A4

Figs. 18 and 19 Magnetic Rest Clasp seated in the porcelain fused to a connected metal crown on the working
model (lingual view and occlusal view)
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Figs. 20 and 21 Magnetic Rest Clasp seated in the porcelain fused to a connected metal crown on the working
model (buccal view and mesial view)

The advantages of the Magnetic Rest Clasp are esthetic. Among the disadvantages to the use of this clasp are its
complex structure of abutment and problems for the patient’s intact teeth.

Conclusions

We introduced the fabrication of a new retainer, “Magnetic Rest Clasp,” for porcelain fused to connected
metal crowns on lower premolars with a plastic jaw model. In the future, we will try to use the Magnetic Rest
Clasp in patients.

References

1. Hasuike T, Kusano T, Okutsu F, et al. An Application of a Magnetic Attachment to a Cast Clasp -
Development of a Magnetic Rest Clasp -, J ] Mag Dent, 18(1) ,64-68, 2009.

2. Hasuike T, Kusano T, Okutsu F, et al. An Application of a Magnetic Attachment to a Cast Clasp -
Development of a Magnetic Rest Clasp -, J ] Mag Dent, 18(2) ,91-93, 2009



JJ Mag Dent Vol.19 No.2 2010

Influence of the Measuring Methods

on the Attractive Force of Magnetic Attachments

Y. Nakamura, K. Shoji, R. Kanbara, H. Kumano, A. Ando, T. Iwai, T. Kogiso, Y. Ohno, Y. Takada',
Y. Tanaka

Department of Removable Prosthodontics, School of Dentistry, Aichi-Gakuin University
' Division of Dental Biomaterials, Tohoku University Graduate School of Dentistry

Introduction

There has been an increasing use of magnets in the clinical dental setting. Magnetic attachments are
excellent retaining devices with many functional applications and aesthetic benefits. These attachments have
also had high satisfaction ratings for the treatment results when used in conjunction with dental implant
treatments. A magnetic attachment consists of a magnetic assembly and a keeper. The optimum attractive force
relationships between these two components are of prime importance. Therefore, a careful evaluation of the
relationship of attractive force and magnetic assembly mechanism is required. Our department has been
conducting studies on magnetic attachments such as attractive force measurements to elucidate magnetic
attachment properties. Several different methods have been reported on magnetic attachment measurement
techniques. A specialized jig orientation measuring device was designed, reported and tested upon at
Department of Removable Prosthodontics, School of Dentistry, Aichi Gakuin University. The validity of the
attractive force measuring method using this jig was confirmed.

Objective

A simply designed device for the measurement of the attractive force between a magnet and a keeper was
proposed by the Australian magnet research institute at the 2009 ISO conference. The comparison to existing
measurement techniques was desired. In the present study, we compared the results of the attractive force
measurement method proposed by Australian magnetic institute with our measurement method to verify the
validity of the newly proposed method.

Materials and Methods

1. Materials
GIGAUSS C (GC) was used as a magnetic assembly testing 7
subject(Fig. 1). Attractive force was measured using a compact tabletop |l GIGAUSS &
EZ-test tensile tester (Shimazu) (Fig. 2). 600
2. Methods

1) Experimental items
(1) Attractive force measurement using a special jig

Attractive force of a magnetic assembly was measured using a special L
jig shown in Fig. 3. In obtaining measurements of attractive force Fig 1: GIGAUSU C600 (GC)
measurement using a conventional jig, there have been vertical and
horizontal restrictions on the attractive surface between a magnetic
assembly and a keeper when vertically separating a magnet potentially
interfering with vertical measurement accuracy. Repeated accurate
repositioning of the magnetic assembly and a keeper to an original position is
also very difficult. A special jig device was designed, consisting of a pair of
upper and lower holding members. Bilateral bars guide the movement of a jig,
preventing unwanted axial and horizontal deviations during the elevating
movements on a magnetic assembly. Two horizontal bars in the upper

member gf the jig can be ﬁt.inserted into the guid.e ho.les ofthe. lower Fig 2: EZ test (SIMAZU)
member jig part. The holes in the bottom are longitudinal bearing structure

10
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to avoid the friction resistance during the measurement. A magnetic assembly and a keeper can be returned to
the original position by using a mold and a guide bar shown in Fig. 4. The accurate attractive force
measurement was achieved by using this special jig design.

Vertical Section

Cross Section

Fig 3: special jig Fig 4: mold and a guide bar

(2) Attractive force measurement proposed by the
Australian magnetic institute.

The following is the attractive force measurement design proposed by the Australian magnetic institute in
2009 ISO conference. A simple jig is used instead of a complex previously reported design jig regulating the
sideslip on the attractive surface between
a magnetic assembly and a keeper.
Reliable measurement can be achieved by
using cotton string for flexible traction of
a magnetic assembly.

Based on the Australian design
proposal, another simple jig to correct
sideslip was designed (Fig. 5). It is
difficult to control the movement between
a magnetic assembly and a keeper due to
the small size (GIGAUSS C 600 - major
axis 4.1 mm and minor axis 3.3 mm).
Therefore, a magnetic assembly and a
keeper were attached to a holding mold. A
simple guide was fabricated using acrylic
cylinder around the mold. Adjustment was made between a
guide and a mold to avoid friction resistance. Cotton string
was used for flexible traction of a magnetic assembly.

(3) Attractive force measurement without vertical and
horizontal restrictions

Attractive force measurement without vertical and
horizontal restriction was applied to compare the attractive
force measurement methods between the Australian magnetic
institute and the specialized jig measuring method (Fig. 6).
Horizontal and vertical restrictions were eliminated by
removing the holding mold from the magnetic measurement
assembly, and the cotton string for traction, respectively.

2) Measurement conditions

Attractive force measurement was repeated 10 times for
each of the 5 samples using the EZ test. The cross head speed
was 5 mm/minutes.

(| Simple
Guide

Fig 5: simple jig based on the Australian design proposal

Fig 6: attractive force measurement
without vertical and horizontal restrictions
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Results

1. Attractive force measurement method using a special jig

Fig 7 shows the results of the attractive force measurement using a special jig. Minor variation was noted
in measurements between each sample. The maximum attractive force was 570 gf, and the minimum attractive
force was 543 gf. It was confirmed that the standard deviation for measurement precision was subtle in 10
measurements of each sample.

600
(gf) o
— = ] .

500
b=
a 400
o
2
s 300
g
3 200
100
o I | ] || | |
1 2 3 4 5
Sample

Fig 7: attractive force (special jig)

2. Attractive force measurement proposed by Australian magnetic institute

Fig 8 shows the results of attractive force measurement proposed by the Australian magnetic institute
using a simple guide. A significant variation in measurements and standard deviation were observed between
each sample. The maximum attractive force was 424 gf, and the minimum attractive force was 337 gf.

(gf) 600
500
Z 400 | : ] | }
§
-+ I
€ 300
®
g
2 200
100
o I || || |
1 2 3 4 5
Sample

Fig 8: attractive force (simple guide)
3. Attractive force measurement without vertical and horizontal restrictions
Fig 9 shows the results of attractive force measurement without vertical and horizontal restrictions.
Restriction-free measurements were achieved by eliminating the magnetic assembly holding mold and using a

12
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cotton string traction.

The variation in measurements between each sample was larger than other two measuring methods. The
maximum attractive force was 437 gf, and the minimum attractive force was 351 gf. Standard deviation
between each sample was larger than the method using a special jig.

(gf) 600
500
5 400
o
]
s 300
g
8 200
100
o
1 2 3 4 5
Sample

Fig 9: attractive force
(measurement without vertical and horizontal restrictions)

4. The influence of the measuring methods on the attractive force of magnetic attachments

The influence of the measuring methods on the attractive force was investigated by comparing attractive
force measurements of 5 samples obtained by 3 measuring methods. Multiple comparison test was performed
using one-way analysis of variance and Scheffe’s test to determine differences between the measuring method
using a special jig and other methods.( Fig 10)

A significant difference was observed in the mean attractive force measurements between three
measuring methods. The difference in the measurements was subtle between the measuring method using a
simple guide and the measuring method without restriction.

(gf) 600 ; L
+

500
2> 400
g
]
2
H 300
m
=]
a3
o 200

100

Special Jig Simple Guide Measurement without =:p<o.05
vertical and horizontal
restrictions

Fig 10: differences between the measuring method
using a special jig and other methods
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Discussions

1. The design of the simple guide in the measuring method proposed by the Australian
magnetic institute

We fabricated a simple guide based upon a design presented by the Australian magnetic institute. However,
exact duplication was unknown since there was no specific information regarding guide design. One
application method considered direct application of a keeper and a magnetic assembly attractive surfaces.
However, frictional resistance during the traction would likely adversely affect accurate measurement. Correct
guide placement was repeatedly difficult as the combination of a keeper and a magnetic assembly were only 2
mm in thickness.

Recommendations and considerations for the optimal measurements of magnetic attachments include
indirect guides for placement positioning when using the special jig testing apparatus reported. In the present
study, measurements were performed by using a mold in a magnetic assembly and a keeper, and a guide was
placed indirectly to the mold. This design seeks to minimize the friction resistance between a mold and a guide.
Inter-guide lubricans were considered but were not used. The effect of added lubricants could not be accurately
assessed.

2. Measurements

A significant difference was observed in the obtained attractive force methods using a simple guide and
another method without vertical and horizontal restrictions compared with the special jig method. The method
using a special jig showed the highest attractive force measurement values for the identical magnetic device.

1) Measuring method of the attractive force using a special jig

Greatest measurement accuracy was achieved by using the special jig design testing method. Unlike other
measuring methods, there was vertical and horizontal axis control of the magnetic attachments during
separation. Friction resistance during traction was not encountered due to the ball bearing structure design and
minimal measurement error. Disadvantages of the special jig design remain including high cost and high
maintenance requirements. Considered of these issues lead to a simple measuring method. The jig design is of
importance for accurate measurement of magnetic assembly attractive forces. The present study demonstrated
the role of a special jig in the attractive force measurement, and confirmed the measurement accuracy.

2) Attractive force measurement proposed by Australian magnetic institute (Simple guide)

The results of the attractive force measurement using a simple guide showed lower magnetic force
measurements. This finding is thought to be due to the lack of vertical control during the traction of a magnet
assembly. The traction using a cotton string produces not only vertical but also horizontal stress between a
magnetic assembly and a keeper in the guide, causing a non-axial rotational force. This force creates rotational
movement when a magnetic assembly and a keeper detatch, resulting in a decrease in measureable attractive
force.

3) Attractive force measurement without vertical and horizontal control

A decrease in the attractive force was observed due to the rotational movement caused by traction with a
cotton string. The results of the attractive force measurement without vertical and horizontal control showed
similar measurement values as the degree of attractive force in the simple guide method (Fig 10). The results
suggested that the rotational force caused by cotton string traction affects the results of the attractive force
measurement more than the horizontal restriction design.

Conclusion

The influence of the measuring methods on the attractive force of magnetic attachments was investigated.
Our prior report described the attractive force measurement of a magnetic assembly using a special jig, but a
more simple method was proposed by Australian magnetic institute. In the present study, the attractive force of
magnetic attachments using a simple guide was measured according to the specific designs proposed by the
Australian magnetic institute, and the results were compared. The following conclusions were drawn:
1. The measurement error was the smallest in the measuring method using a special jig that controls vertical
and horizontal direction during traction, and the highest attractive force was measured.
2. Although attractive force measurement using a simple guide fabricated according to the proposal appears to
provide horizontal displacement. The effectiveness of this design component was not shown.
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Introduction

Magnetic attachments which have multiple features such as smaller size, a stable retentive force, and an
improved operability, have become widely available thanks to the clinically-based research. The
conventional magnetic attachment consists of a magnetic assembly and a keeper. Using a conventional
magnetic attachment often involves some difficulty in designing a prosthesis due to the restrictive
flexibility of the keeper. Attract P (TOKURIKI-HONTEN Co.) is the only commercially available moldable
magnetic alloy that attaches to a magnet. The use of Attract P for the fabrication of a keeper may allow the
expansion of the magnetic attachment application. However, few studies are available in the literature on
the mechanical properties of Attract P. The basic data of Attract P is required to use this alloy for the
extensive variety of prosthetic designs.

In the present study, we fabricated keeper prototypes with the same planer morphology as GIGAUSS C
600 and with a thickness between 0.2 mm and 1.8 mm using Attract P. The attractive force of the keeper
prototype and magnetic assembly was measured, and compared with that of a GIGAUSS C 600 keeper.

Objective

The purpose of the present study was to evaluate the effect of keeper design using cast magnetic alloy
“Attract P, and investigate the relationship between the keeper thickness and attractive force.

Materials 7 ~
Table 1 shows the mechanical properties of T diet RewliE BLA Reltd
Attract P. Attract P is a Type 111 gold alloy. The _ coweliarazaly
mechanical properties of this alloy include magnetic Tor_le of mlo_ e
attraction as well as having high ductility. The entire BpoRimen.  §U4BIeaL
surface of a keeper fabricated from this alloy has Cabletemperaue 3 13001
magnetic attraction potential, and, therefore, there is Specific gravity  : 10.5g/m
great design flexibility with the “Attract P” alloy Strength HLOTHV
use. Offset vield strength : 300MPa
Methods

Cast test sample keepers were prepared with
Attract P alloy. They keeper samples had an
identical planar shape as a conventional keeper
(GIGAUSS C 600) for comparative purposes. The
fabricated keeper thickness varied from 1.8 to 0.2
mm. Attractive force measurement between a

M’e«g‘ure Altract Force
magnetic assembly and the test keepers were then ¥ i : S
measured, and compared with the result of the ||
attractive force between the standard magnetic P i
assembly and the conventional GIGAUSS C 600 \ )
keeper design. Six samples of each were fabricated P S
under identical conditions to test reproducibility. Comparison

1.Fabrication of samples
1) Pattern fabrication .
Two GIGAUSS C 600 keeper trays (GC) were Fig.1: Aflow chart of study
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prepared for each sample. Inlay wax was
poured into the trays. Two tray were
combined, and the attractive force side wax
surface was polished. Ready casting wax
R32 and R40 (GC) was used as a sprue
(Figures. 2 and 3).

2) Casting 3

The wax pattern was invested with
phosphate bonded investment CERAVEST
(GC), and cast in the ceramic crucible at
1300 degrees following the conventional
method using a vacuum casting machine
CASCOM (KDF) (Fig. 4).

Fig .2 : Fig .3 :
Two Keeper trays Sprued the Keeper trays

3) Recontouring and polishing

The oxide layer was removed by air abrasion
with aluminum oxide particles after casting,
followed by recontour polishing. The external
morphology and surface areas of both the
marginal and non-attractive faces were adjusted
to match the comparative sample keeper size
(GIGAUSS C 600). Samples were polished
under running water, and cleaned
ultrasonicically (Fig. 5).

Casting Fig .5 :
Experimental Keeper of Attract P

Fig 4 :

2.Attractive force measurement
Attractive force measurements were performed using a compact table-top universal tester machine

(SHIMAZU) (Fig. 6). A custom made jig and mold devised in our department were used to stabilize and
maintain the samples during measurement. Attractive forces were measured 10 times for each sample at 5
mm/min crosshead speed. Test sample thickness was sequentially reduced by grinding removal of the
non-attractive face with a # 100 wet-dry sandpaper.

Surface parallelism was confirmeded and measured using a seven-point method to ensure parallel
thickness of the samples tested (Fig. 7). Samples were polished with a grinder “ECOMET 3” to # 1000
until mirror-like surfaces were obtained, followed by the final buft polished finish. Attractive forces of
finalized samples were measured.
This process was repeated for
each of the 6 samples until the
minimum thickness of 0.2 mm -
was achieved and tested (Fig. 8). A
3.Statistical analysis W w

One-way analysis of variance
and multiple comparison using Fig. 6 : EZ test Fig .7 : Fig. 8 :
Shefte’s test were performed at Measuring Points Flow chart of study
the significance level of 5%.

Statistical analysis software (Dr. SPSS II for Windows standard version, SPSS) was used for the analysis.

Results

Keeper samples of sequentially different thickness were prepared with cast magnetic alloy “Attract P”,
and the attractive forces of each sample were measured. Fig.9 shows the relationship between the sample
thickness and mean attractive force of 6 samples. No significant difference was observed at a significant
level of 5% in samples of 1.8 -0.7 mm thickness. Attractive force started to decrease with a decreasing
sample thickness from 0.7 mm, showing statistically significant difference. The attractive force of 330 —
340 gf was maintained in samples of 0.7 mm or more. The attractive force measured was 65% of a
comparative GIGAUSS C 600 keeper. The results suggested that this alloy has an inflection point at 0.7
mm thickness.
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Fig.10 shows the comparison of the attractive force between Attract P and GIGAUSS C 600. We focused
on 0.7 mm thickness Attract P since it is the same thickness as GIGAUSS C 600. The attractive force of
Attract P was 60% of GIGAUSS C 600 keeper sample.

) 400
A TTTT 500
- | e N
;- T
g 200 3 :
= - }
= !
o |
" |
[} g :
1817 1615141312 1110 usuonmz (m)
Thickness L
Fig.9 : Relations between Thickness Fig.10 : Attract Force of Experimental Keeper
and Attract Force and GIGAUSS C600

Discussion & Conclusion

Attract P is moldable magnetic alloy that may be used for keeper attachment to a magnet in clinical
practice. The result of the present study demonstrated that the attractive force of Attract P alloy was 60% of
GIGAUSS C 600 keeper. However, the comparative actual total space clearance requirement of GIGAUSS
C 600 is 1.3 mm including extra consideration for a cast holding support for the keeper. The measured
Attract P attractive force at a 0.7 mm thickness was found to be 31 gf. The application of this material may
be useful for clinical requirements of minimal space clearance such as application on vital teeth.
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Introduction

Recently, magnetic attachments have been used in prosthodontic treatments due to improved masticatory
stability. We investigate the kinds of magnetic keeper copings worn in clinical applications. The purpose of this
study was to investigate types of teeth with magnetic keeper copings and measure the wax patterns made on
working casts with artificial gums to select the keeper size.

Materials and Methods

1. Types of teeth
The investigation period was from 2007 to 2009. Working casts of 100 teeth and artificial gums of keeper
copings were prepared, and the types of teeth were investigated.

2. Preparation of samples
Wax working casts with artificial gums were prepared (Fig. 1). Reference surface have connecting mesial and
distal gingival margins on waxing up.

CT images of the wax patterns were then obtained with a Microfocus X-ray CT system (Shimadzu Corporation).
Based on the image obtained, they were measured using analysis software CT-Solver (Shimadzu Corporation).
The resolution of CT images was established as 23 micrometers to the XY plane and the direction of Z. The
measurement point is shown in Fig. 2.

3. Selection of keeper tray

The mesiodistal width (reference surface) of the wax pattern and that of the abutment tooth were compared to
select the keeper tray (Fig. 3). Dentists frequently find it difficult to choose between the mesiodistal width
(reference surface) of the wax pattern or the abutment tooth.

Results and Discussion

Figure 4 shows the type of tooth for which a keeper coping was made. Both Upper jaw and Lower jaw, most
used as abutment tooth with magnetic keeper was the canine tooth (32% and 26%). (Note: The above is not at all
clear. Please check and change or clarify as appropriate.) For the upper jaw, the next is the first premolar (19%),
lateral incisor (18%), central incisor (11%), first molar (6%), and then the second molar (3%). For the lower jaw,
the next is the second premolar (24%), first premolar (21%), lateral incisor (13%), and then the second molar and
central incisor (8%). The first molar is not used (0%) in this report. Because the root of the canine tooth is long, it
often remains in the oral cavity. The root of the canine tooth has high rates of life expectancyAl)z) The length of
each tooth post is shown in Fig. 5. In a comparison, the teeth averaged 4 to 6 mm.

Figure 6 shows the mesiodistal width of the wax pattern and the abutment tooth. And horizontals line were
keeper tray width between D400 and D1000. The data in this sample indicate that the width of the abutment tooth
is narrower than that of the wax pattern. Therefore there is a possibility that size of magnetic keeper was selected
reference to cross-section of remaining root.

Conclusion
Based upon the results of this study, the following conclusions were reached:
1. In both the upper (32%) and the lower (26%) jaws, the tooth most often used for abutment was the canine tooth.

2. The post length was 4 to 6 mm.
3. Many dentists choose smaller magnetic keeper trays.
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Fig. 1 Schema of the wax pattern Fig. 2 Measurement point
a. Length of post
b. Mesiodistal width of the wax pattern (reference
surface)
c. Mesiodistal width of the abutment tooth
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(62 teeth) (38 teeth)

Second molar Second molar
2 teeth 3 teeth
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4 teeth
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Fig. 3 Compared width of the wax pattern and the
abutment tooth with a keeper tray
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The Influence of Keeper Tray Materials on Casting Precision
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Introduction

A cast-bonding technique is one of two techniques use to fabricate a keeper coping of a denture with
magnetic attachments. A plastic pattern is used in this technique. However, problems including a rough
surface and a misrun inside the keeper tray are indicated for a keeper coping fabricated by a direct-bonding
technique. Therefore, adjustment of castings is required at the lab bench and chairside (Fig. 1).

Fig.1

Objective

The purpose of the present study was to compare casting precisions between samples fabricated using a
commercial ready-made pattern and a new prototype pattern.

Materials and Methods
1.Materials

GIGAUSS C 600 KB (GC) was selected as a commercial ready-made pattern sample. The casting pattern
samples tested were fabricated of two different materials. The chief component of the first tray design
was acrylic. The prototype second tray design was made of polyethylene plastic (Fig. 2).

d
e
( ) @Yo
commercial ready-made pattern prototype pattern

Fig.2 Materials
2.Experimental items

Four different sampling categories with five testing specimens each were prepared: 1. Cast of a
commercial ready-made pattern (AC), 2. Cast of a prototype pattern (PE), 3. Cast of a combined pattern of

commercial pattern and dental wax (AC-WAX), and 4. Cast of a combined pattern of prototype pattern and
dental wax (PE-WAX) (Fig. 3).
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Cast of pattern

S O3

Cast of a combined pattern of pattern and dental wax

T T-T

AC — wax

Fig.3

PE — wax

Experimental items

3.Methods

This study was designed to prosthetically simulate an edentulous patient clinical situation. The preparation
of an abutment for a keeper coping was performed using a conventional method, followed by abutment
impression taking and second model fabrication (Fig. 4).

Medium Inlay Wax (GC) was used for abutment and keeper tray wax pattern fabrication using
conventional methods (Fig. 5).

The keeper coping wax pattern was sprued with ready casting wax (R15), and placed on the investing ring
pattern holding cone (Fig. 6). The pattern was conventionally invested(CRISTQUICK II GC), and cast with
a Au-Ag-Pd alloy (CASTWELL MC GC).

)

Fig.4 preparation of abutment

-

Fig.5 Waxup
Fig.6 Keeper coping wax pattern

Casting was performed under the following two heating conditions shown in the following figure.
The casting condition 1 shown in Fig. 7 follows the manufactures’ instruction for plastic material
incineration. 1. Casting with heating at 250°C, and 2. Casting without heating at 250°C.
dl N

casting condition 1
{ Casting with heating at 250° ¢}
incineration: rse 250°C/40min

ey

casting condition 2

captive

{ Casting without heating at 250° C)
incineration : rise 700°C/Omin

— {30min

captive — /60min

rise  700°C/60min o
4

captive ~ /30min

Fig.7 Casting condition
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Casting was performed using a vacuum-pressure casting machine (Heracast RC, Heraeus). The casting
was steam cleaned, and immersed in a ultrasonic cleaner with Palla-Clearn (GC) for 5 minutes, and testing
was then performed (Fig. 8).

Fig.8 Finished cast

4.Evaluation
1) Cast observation using stereomicroscope
2) Quantitative evaluation of casting surface roughness

Digital Microscope VHX-500 was used for obtaining
measurements (Fig. 9). The surface of the keeper tray
base was evaluated three-dimensionally to measure the
vertical surface interval difference variations. These
measurements results were quantitatively compared as
findings of surface roughness variation.

Fig.9  Digital Microscope VHX-500
(KEYENCE)

Results

1.casting observations using stereomicroscope
Fig. 10 shows the observational comparisons between conventional AC and prototype PE castings with
heating at 250°C. No major casting defect was observed in both samples.

Fig.10 Heating at 250°C (AC,PE)

Fig. 11 shows the observational comparisons between conventional AC and prototype PE castings without
heating at 250°C. No major casting defects were observed in both samples.

24
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Fig.11 No heating at 250°C (AC,PE)

Fig. 12 shows the observational comparisons between AC-WAX and PE-WAX castings with heating at
250°C. Casting defects were observed on the corner edges of all AC-WAX samples. No major casting
defects were observed in PE-WAX samples.

Fig.12 Heating at 250°C (AC-wax,PE-wax)

Fig. 13 shows the observational comparisons between AC-WAX and PE-WAX castings. Significant casting
defects such as burrs, blow holes were observed in the corners of AC-WAX casting. No major casting
defects were observed in PE-WAX casting.
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Fig.13 No heating at 250°C (AC-wax,PE-wax)

2.Three-dimensional image and surface evaluation

Fig. 14 shows the AC and PE casting data.
The numbers under the graph shows the mean values of 5 measurements for each sample.
The measurements were 3.9 + 0.5 um with heating at 250 °C, 4.6 £ 0.3 mm without heating at 250 °C in
AC, 4.3 £ 0.5 pm with heating at 250°C and 4.2 + 0.3 um without heating at 250 °C in PE.

=

\ Ave, 3.85F 0.5 00 Ave 460300

Ave. 431050 Ave. 42103 i

//_

Fig.14 Three-dimensional image and surface evaluation

Fig. 15 shows the AC-WAX and PC-WAX data.
The measurements were 8.3 £ 0.8 um with heating at 250°C, 16.3 + 4.2um without heating at 250°C in
AC-WAX, 4.3 £ 0.4 um with heating at 250°C, and 9.5 £2.4 pm without heating at 250°C in PE-WAX.

o~

T e ]
e AV

\ Ave. 8.3F0.8 pn Ave, 163+ 4.2 pn

e

R ey

! T e e
\ Ave. 4.3E0.4 U0 Ave. 9542 .40m /
)

' Fig.15 "Three-dimensional imagé and surface evaluation

3.Measurement of the casting surface roughness

No statistically significant differences were observed between AC and AC-WAX, and AC-WAX and
PE-WAX with heating at 250°C. There was no statistically significant difference between PE and PE-WAX
(Fig. 16).
For samples without heating at 250 °C, statistically significant differences were observed between AC and
AC-WAX, but not between PE and PE-WAX castings (Fig. 17).

The comparison of samples depending on different conditions demonstrated a statistically significant
difference in AC-WAX and PE-WAX (Fig. 18).
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Fig.18 Comparison of samples by different conditions

Discussion

In each tested casting condition, the differences in a surface roughness were confirmed in AC and
AC-WAX using conventional keeper trays. No significant differences were observed in prototype keeper
trays.

It is speculated that acrylic, a chief component of the conventional pattern and wax adversely interact with
each other during the heating step after investment flasking.

Further studies are needed to elucidate the postulated relationships between the keeper tray materials and
casting defects, and to determine the causes of casting defects.

Conclusion

Samples were fabricated using a commercial ready-made pattern and new prototype pattern, and then
compared for casting precision. The following conclusions were drawn:

1. No major casting defects were observed in the conventional and prototype castings when the
patterns were individually cast.

2. The keeper coping patterns prepared by added dental =~ wax demonstrated a significant
unwanted casting defects  such as blow holes and burrs in the conventional type patterns.
No major casting defects were observed using the reported prototype casting pattern.

3. When dental wax was added to the original pattern to make the shaped coping, differences in
surface roughness depending on different casting conditions was observed in both the
conventional and prototype keeper trays.

These results show that the prototype keeper tray design with the added dental wax technique
demonstrated a better casting precision compared to the conventional type.
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Introduction

In the past decades, major methodological developments have occurred with regard to the clinical
domains of etiology, diagnosis, prognosis, and therapy. As a result, evidence-based guidelines for
clinical practice in dentistry have increased, and scientific journals are demanding increasingly
higher standards of research.

The Japanese Society of Magnetic Applications in Dentistry (JSMAD) has also formed a dental
care council that has discussed the formulation of clinical practice guidelines (CPG) for magnetic
applications in dentistry according to the directions of the Japanese Association for Dental Science.

In addition, the council discussed the social health (dental treatment) insurance should cover the
treatment of magnetic attachments or not.

As a result the council developed a questionnaire survey dealing with the subject of magnetic
attachments and distributed it to general practitioners of dentistry, including those who were not
members of the Japanese Society of Magnetic Applications in Dentistry.

Objective

The objective of this survey was to analyze the kinds of clinical questions that arise among
general practitioners with regard to the use of magnetic attachments and to encourage them to
develop and to refer them to formulate clinical practice guidelines (CPG).

Materials and Methods

For a preliminary study, 30 present and former council members of the Japanese Society of
Magnetic Applications in Dentistry (JSMAD) were surveyed by e-mail with a questionnaire
attachment.

The recipients of the questionnaire were instructed to answer the survey and distribute it among
the pertinent professional members of their offices. The council members distributed the survey
among attendees of the 19" annual meeting of the society of magnetic applications in dentistry at
Morioka, Iwate Prefecture.

The survey contained questions regarding clinical experience, the work place, and affiliation of
the individual answering the questions (Table 1). A procedure that we refer to as “PICO” was used to
categorize the Clinical Questions (CQ). The acronym uses “P” to represent the “problem” or
“patient,” “I,” “intervention,” “C,” “comparison,” and “0O,” “outcome (Table 2).

The survey also inquired on the issue of whether social health insurance should cover treatment
with magnetic attachments (MA) (Table 3).

The completed questionnaires were returned by e-mail or FAX, and they were also hand-collected
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at the 19™ annual meeting.

+ resident + 2~4 years

* university hospital

* non-member

* none c1~4 +5~9

* 5~9 years

Q2. Where do you routinely work?
+ general hospital

Q1. How many years have you practiced clinical dentistry?
+ over 10 years

* private dental office
+ general dental office (e.g.: dental office at a business company)

Q3. Are you a member (certified clinician) of the Japanese Society of Magnetic
Applications in Dentistry (JSMAD)?

» member ( * certified clinician for magnetic dentistry)
Q4. How many magnetic attachments have you used?
* more than 10

+ other ( )

Table 1: Contents of the questionnaire (Q1~~4: clinical experience and affiliation)

Q5. Please write the questions below that occur most frequently in your practice
regarding the application of magnetic attachments. Please write in less than 5
questions in the space provided below by reference to the example questions.

In case of ~
(patient or problem:P)

is ~
(intervention:I)

compared to~
(comparison: C)

effective?
(outcome: O)

1) In case of few remaining mandibular teeth

2) In case of implant—supported overlay
dentures,

3) When applying a magnetic attachment to a
remaining abutment teeth

is magnetic attachment
is magnetic attachment

is flat type keeper

compared to applying
clasps

compared to other
type of retainers
compared to
dome—shaped keeper

effective?
effective?

effective for stability
of the denture?

O®ed

Table 2:

Questionnaire regarding clinical questions (Q5: CQ)

Q6. Please indicate below whether you believe that the application of magnetic
attachments should be covered by social health insurance.

* agree + disagree

+ agree with reservations

(reservation:

* both acceptable

)

* not understandable

Table 3: Questionnaire regarding social health insurance (Q6)
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A total of 74 participants, including 12 council members and 23 attendees of the 19" annual
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Results

meeting, completed the questionnaire, and 102 CQs were collected.
The tables below show the clinical experience and affiliation of the participants.

Clinical experience and affiliation

th

Ye]_ar_s olf Number of Number of
clinica
Workpl
experience persons SESRISES persons
10y~ 38 Dental Office 30
5~10y 15
University 44
2~5%y 20 Hospital
Resident 1

Table 5: Q2. Participants classified

Table 4: Q1. Participants classified by years by workplace (N=74)

of clinical experience (N=74)

Number of | Number of
cases persons
Number of
persons 10~ 37
Member 49 5~9 9
Non—-member 25 1~4 15
None 13

Table 7: Q4. Participants classified by
number of cases of MA (N=74)

Table 6: Q3. Participants classified as member
or non-member of JISMAD (N=74)

Clinical questions (CQ)
A total of 102 CQs were divided into 5 categories shown below according to their applications.

1) Applying MAs to abutments of dental implants
(Implant): 14CQs
2) Compared to other type of retainers when applying in certain type of defects
(Defects): 40CQs
3) Compared to other type of retainers when applying in certain type of occlusion
(Occlusion): 9CQs
4) Arrangement of MAs in the remaining dentition or configuration of MA
(Arrange / Form): 21CQs
5) Management of MA or others
(Manage/etc): 18CQs
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Fig. 2: Distribution of each categorized CQ classified by member/non-member of JSMAD

Social health insurance
The answers with regard to social health insurance are shown in the table below.

agree with di both don’ t Total

agree reservation Isagree acceptable | understand ota
Member 13 12 17 2 5 49
Non—-member 7 4 8 1 5 25
Total 20 16 25 3 10 74

Table 8: Answers with regard to social health insurance classified as member or non-member.



JJ Mag Dent Vol.19 No.2 2010

agree with di both don’ t Total
agree reservation Isagree acceptable | understand ota
Dental Office 4 1 7 1 0 13
Univ.
Hospital 9 11 10 1 5 36
Total 13 12 17 2 5 49

Table 9: Numbers of answers in members of JSMAD on
social health insurance classified by workplace.

Discussion

The results of this preliminary survey indicate that one half of the participants had more than 10
years of clinical experience and had used MAs at least 10 times. Sixty percent of the participants
were university hospital staff members, and 66 percent of them were members of the Japanese
Society for Magnetic Applications in Dentistry. Before clinical guidelines are written, it would be
valuable to seek a greater consensus among individuals new to the clinical practice of dentistry,
dental office workers, and those who are not members of the Society for Magnetic Applications.

The PICO procedure is an effective way to answer clinical questions. First, the PICO question is
formulated; next, the relevant domain (therapy/prevention, diagnosis, etiology/risk, or prognosis) is
established, along with the type of research by means of which the question will have to be
answered.

According to the GRADE (Grading of Recommendations Assessment, Development, and
Evaluation) group system, PICO format question and corresponding answers which should be
synthetically recommended by evidences from the concerning articles, doctors’ skill and patients
conditions.

To make it possible to search professional literature files, the PICO question then has to be
converted into key words. Articles subsequently located should then be evaluated in terms of their
scientific quality and usefulness for answering the question. After this procedure has been followed,
an evidence-based answer to the original question can be given.

Approximately 40% of the 102 collected CQs were classified according to the type of defect; e.g.:
lower few remaining dentition or free-end saddle cases, and 60% of them were from university
hospital practitioners and 80% were from the members. On the other hand, 14% of the CQs dealt
with implants, and 80% of those were received from dental office practitioners of whom 50% were
members of the society. Affiliation of the participants reflected differences in their clinical interest.

Regarding the application of social health insurance to MA, 25 of 74 participants disagreed, and
36 agreed, although 16 of these agreed with reservations. There were no notable differences in the
answers from members and non-members of the society.

Among the members, more than 50% of dental office practitioners disagreed; on the other hand,
approximately 30% of university hospital practitioners agreed (9% agreed, 11% agreed with
reservations, and 10% disagreed).

The Society for Magnetic Attachments currently lacks sufficient information to make a
recommendation regarding health insurance coverage for MAs and should take cautious steps
referring to general practitioners opinion when applying MAs to social health insurance.
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Conclusion

+ A preliminary questionnaire survey for Clinical Questions (CQs) was conducted, and 74
answers and 102 CQs were collected.

* Half of the participants were clinicians with more than 10 years of experience who averaged
10 cases each involving MAs.

+ CQs were classified into 5 categories: (applying to) Implant 14, (compared to other retainers
when applying certain type of) Defects 40, (ditto; type of)Occlusion 9, Arrange/Form
(arrangement in dentition and configuration of MA) 21 and Manage/etc.(management of MA
or others) 18.

* With regard to the use of social health insurance to cover for MA, 25 or 74 participants disagreed

with the idea of coverage, 20 agreed and 16 agreed with reservations.
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Introduction

At present, magnetic attachments have been applied clinically in various cases. It’s useful to carry out
postoperative investigations and to confirm results, as it shows the criterion of the clinical application”.
Thus , magnetic attachments can be used safely.

Prospective investigation of magnetic attachments has been carried out since 2003 at the Japanese Society
of Magnetic Applications in Dentistry.(JSMAD)

Methods

The transition of probing depth (PD) of the abutment teeth was measured and the changes of the
conditions of periodontal tissue were evaluated.
Immediately after cementation, oral conditions were recorded by use of an original questionnaire, and PD
were measured by the 6 points method.
After 5 years , the patients were recalled and PD was measured. This time, 5 departments of the JSMAD
showed in the title participated in this study.
At the beginning of the study, 44 patients were participate in the study. However, 12 patients were censored
so 29 patients were able to participate in the study.

Results
= Start cases 44cases
Censored cases 12cases
Extracted teeth 14teeth

« Total Cases : 29cases (62teeth)

1. Maxillary : 16plates (32teeth) Mandiblular: 19plates (30teeth)
2. Incisor:12teeth Cuspid: 24teeth Premolar:17teeth Molar: 9teeth
3. Resin plate: 21plates Metal plate: 14plates

Table. 1
Construction of Abutment teeth

Table. 1 details the cases which were able to participate in the study.The dentures were 6 maxillary plates
and 19 mandibular plates .The abutment teeth were 12 incisor teeth, 24 cuspid teeth, 17 premolar teeth and
9 molar teeth.The materials of the dentures were 21 resin plates and 14 metal plates.The results were
statistically analyzed using Willcoxon signed rank test. The significance level was set at 0.05 ( SPSS Ver.
17.0 ; SPSS Japan Inc. ).
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Fig. 1

Comparison of Kennedy and Eichner Clasification

Fig.1 shows the cases by removable partial denture classifications.
The Figure shows that missing distal extension (Kennedy’s classifications class1 and 2) were about 90%,
and that lost occlusal support cases (Eichner’s Classifications class B-4 and C ) were about 70%.
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Fig. 2

Transition of Pocket Depth(comparison with extracted teeth)

Fig 2 shows the transition with Median value and quartile deviation of PD of surviving teeth for 5 years.
For this study, only max point of 6 points counted as PD of the abutment teeth.
A significant difference was found between initial PD and PD after 5 years .
The right side of the graph shows PD of the extracted teeth which were measured after cementation.
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Fig.3

Transition of Pocket Depth(maxillary and mandibular)

Fig 3 shows the transition of PD of maxillary and mandibular plates.Significant differences were found in
maxillary plates.
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Fig.4
Transition of Pocket Depth (gender)

Fig 4 shows the transition of PD of gender.Significant differences were found for females. The PD of
females significantly deteriorated.
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Transition of Pocket Depth( abutment teeth)

Fig 5 shows the transitions of PD by abutment teeth. No significant differences were found .
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Transition of Pocket Depth( metal and resin plate)

Fig 6 shows the transitions of PD of materials of plates Significant differences were found for resin
plates.

Discussion

The null hypothesis that PD (Probing depth) of the abutment teeth would not deteriorate was rejected, as
significant difference was found between initial PD and PD after 5 years .
We 1‘eforted a retrospective cohort study that the survival rate of resin plates was worse than that of metal
plates”.
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The result that a significant difference was found in resin plates, corresponds with this study. The major
connector of metal plates is solid, so flexure of metal plates are less than that of resin plates. Therefore the
abutment teeth of metal plate were not moved. So, PD of metal plates was less than that of resin plates.
With respects to the significant differences found in maxillary plates and for women, further study is
required.

Conclusion

The results of prospective observation of magnetic attachments from the point of the transition of PD for
5 years are below.
* PD of the abutment teeth were increased over 5 year period.
- Significant differences were found between initial PD and PD of 5 years later for maxillary plates , resin
plates, and for females.
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Introduction

Magnetic attachments have increasingly been used in the treatment of various cases. However, the
usefulness of magnetic attachments has not yet been confirmed. Thus, we carried out a postoperative
investigation of magnetic attachments from1993, and report our findings in this study.

Methods

1,400 teeth were used as abutments fitted with magnetic attachments.252 teeth set in 105 metal plates
dentures were selected for postoperative investigation. Untracable teeth were 117, the number of extracted
teeth were 29, and remaining teeth were 106. The survival probability of all abutment teeth was calculated
using a Kaplan Meier analysis. The survival rate of abutment teeth with metal plate was approximately
88% after 10 years and approximately 77% after 15 years. The red line shows resin plates which were used
during the same period. A random sampling of resin plates were selected of 111 abutment teeth. The
survival rate of abutment teeth with resin plate was 70% after about seven years and 53% after about 10
years (Figl). The survival rate of metal plates tended to remain fixed after about 10 years, as compared to
resin plates which tend to have a fixed survival rate after about seven years. Postoperative investigation was
conducted to confirm the condition of abutment teeth in the metal plate at this period where the survival
rate tended to remain fixed. Out of 17 cases (51 teeth), 11cases (25 teeth) were investigated.

Results
. i Survival time
Case Age Gender Anamnesis  Regio of magfit {month)
1 68 F Nothing ﬁ? 157
=2 [ F HT. DM. Breastcanser T|T 145
3 82 F HT. Pharynx canser ala 141
q 76 F Stenocardia 6] 167
S a5 F Hypercardia 53|36 145
=] 73 F Rheumatism 7| 1256 157
7 65 F Recta canser FES 159
8 T4 F HT Kl 168
=} 73 F Cataract ?F 146
10 77 M Hypopiesis [5 173
11 T2 M Nothing |T 148
Ave 74.2 156
sD .7 10,8
M:msls g F:Famals

Table. 1 Distribution of subject

Tablel shows the outline of cases investigated. The average age was 74.2 years. The subjects were 2
males and 9 femals. These patients were diagnosed with a systemic illness. There was a single case where
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the magnetic attachment was applied to both the maxilla and mandible magnetic attachment was applied in
5 cases each of maxilla and mandible. The breakdown of attachment is 2 incisor teeth, 6 cuspid teeth, 6
premolar teeth, 11 molar teeth. The average survival time was 155 months or about 13 years.

i . Survivaltime
Case Age Gender Anamnesis  Regio of magfit {maonth)
1 68 F Mothing ﬁ? 157
2 7 F HT. DM, Breastcanser T|7 145
a 82 F HT. Phar nser 3|3 144
4 76 F Stem I 6| 167
5 85 F Hyp ia 5336 145
L] 73 F Rhe im 7| 1256 167
¥ 65 F Recta r EFIED 159
2] 74 F Kl 168
=] 73 F Cataract ?F 146
10 T 1 Hypopiesis [ 173
11 T2 M Nothing |T 145
Ave 74.2 155
sSD BT 10.8
M:msis g F:Femas

Table. 2 Use of the denture

Table2 shows the general condition of dentures. Only 2 subjects were regularly doing the recall, and 2
cases were burshing their 3 times a day. Half of the cases were using the denture’s brush when cleaning
their dentures. 2 cases wore the dentures when they sleep. Fig.1 shows the cases by removable partial
denture classifications.

case  Regio Pocket depth{mm} Mobility¢ M
(BAIE(BOP) ty
1 876 3332 000
= i
2 il?_ 53"' !'5-1 0o
2 313 58] 33
4 6] £ _o]
5 53 |35 32(29 =
s 7 1256 6 |Z3Ea 1| 0000
7 34 ENE] T
8 T‘ T‘ ?‘
s 8[6 T FIFn
10 |-5— [‘!T ,1_
' B & [

Table. 3 Catastasis of abutment tooth
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Table3 shows the state of the abutment teeth. Adjustments were from tooth 1~ 5. Seven cases, more than
half of the total number of cases, involved adjustment of more than one teeth. The majority of he
periodontal pocket depth measured by 6 point method were less than 4mm and the maximum value was
7mm. Many abutment teeth showed mobility in the range of M0O~M2. Case No.8 abutment tooth that
showed the depth of the periodontal pocket 7mm and on other point 1mm and MO. Case3 the depth of the
periodontal pocket was 5Smm, and tooth mobility of M3 thus was suitable for tooth extracyion.

Prescale
Case ﬁiﬁﬁtﬁﬂnu area{mm?  Force (N} Point
1 87.9 8.8 g84.4 16.0
2 93.0 a4 720 135
3 749 25 492 7.0
4 100.0 53 847 10.3
5 100.0 6.5 80.5 73
6 93.0 44 840 1.8
7 100.0 45 76.5 2.0
g 100.0 53 120.0 93
a 98.0 34 776 10.6
10 100.0 6.5 844 155
i1 50.9 75 76.9 107
Ave 914 6.0 841 109
SD 14.8 17 127 2.3

Table. 4 Masticatory parameter

Table4 shows the state of masticatory function of each case. It seemed that sufficient mastication was
achieved by almost all the cases. As evidenced from the masticatory score. Similar results were obtained
by using dental prescale. The contact side product average was 6.0mm’ , the maximum occlusion power
was 84.1N, and the contact point was 10.9 points. Therefore, the artificial dentures were functionallyg
acceptable.

Discussion

Magnetic attachments were applied to maxilla so that the arrangement of abutment teeth were aligned on
both sides. The Kennedy’s classification is from class I to class V. The Eichner’s classification is class B
to class C. The number of magnetic attachment to the mandible were fewere as, compared to the maxilla
and the periodontal pocket depth remained same except for a single case.

Conclusion

We carried out the postoperative investigation on magnetic attachment that had been in use for 13 years.
Cases which had magnetic attachment in to the maxilla, had a large number of abutment teeth per plate.
For mandible magnetic attachment, the number per plate were few.

Judging from the condition of the dentures and abutment teeth, it seems that dentures continue to
function well and last for extend period.

W N —
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Introduction

The importance of understanding and defining the mechanical properties of supporting tissues is of
interest in prosthodontic investigation. The finite element method (FEM) has been commonly used for dental
application analysis in recent years. However, it has proven difficult to analyze soft tissues such as the oral
mucosa and periodontal ligament of abutment teeth using currently available methods. This includes a simple
theoretical analysis, a model experiment, and the FEM for elastic displacement due to their viscoelastic
properties. It has been reported that the dynamics in denture supporting mucosa during occlusion is complex.
The oral mucosa and the periodontal ligament demonstrate a viscoelastic property specific to the soft tissues.
During load application, these tissues, unlike other tissues, show a non-linear, phase proportioned complex
elastic displacement. The initial displacement is rapid in the low-load condition, but then, slows as the load
increases (secondary displacement), thus demonstrating a two-phase characteristic.

Objective

The purpose of the present study was to construct a Finite Element Model demonstrating incorporated
nonlinear behavior to simulating physiologic tissue viscoelasticity for evaluation of complex oral tissues
including the oral mucosa and abutment tooth periodontal ligament.

Methods

1. Introduction of Nonlinear Property

A mathematically described nonlinear property was
introducted into a Finite Element Analysis model to simulate oral
mucosa and periodontal ligament using he following methods, and
a stress analysis was performed: Analysis model
Fig. 1 shows the analysis model created by Ando from our
department. The three-dimensional FEM model was constructed
from patient CT data according to the method developed by Ando
for accurate morphologic simulation. A fixed partial denture with
attachments was designed on the analysis model, and connective
crowns incorporating extracoronal magnetic attachments were T
placed on the abutment left lower canine, first and second Fig 1 : Analysis Model
premolars for the loss of left lower first and second molars. The
comprising elements type designations were pentahedral element
for the periodontal ligament, and tetrahedral for the other tissues. The point total of the analysis model was
27,083, and a total element count was 118,085.

1) Material Properties (Mucosa and Periodontal ligament)

Material constants for oral mucosa and periodontal ligament under load application were determined prior
in order to simulate analysis model comlex tissue behavior. Material constants were set to for automatic control
by the computer program to account for load weight. This permitted simulation of the human behavior by the
model. Prior reports by Kishi (Fig 2) and Ogita (Fig 3) were used as reference for the respective measurement
of oral mucosa and periodontal ligament. Fig. 4 shows the sequential process.
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The denture was removed from the analysis model shown in Fig. 1, and loads were directly applied on to
the oral mucosa and abutments to create the program.

Patran 2007 r1b (MSC) was used as the modeling software, and Marc 2008 r1 was used for analysis solution
solving.

(um)
250 |
200 -
150 -

0 ¢ T T T T T 1

o0 05 1 15 2 25 3 1] 100 200 300 400 500
(kg / em’) (gh

Fig 2: Displacement of Mucosa Fig 3: Displacement of left lower canine

Analysis 1 .
| Initial Displacement |

—( Material Properties (Result of Analysis 1) I

Program for Material Constant alteration
(user subroutine of Marc 2008r1)

Intel (R}

<: Visual Fortran

Compiler 10.1

Analysis 2

| Initial and Secondary displacements |

| Material Properties (Result of Analysis 2) |

Fig 4: Sequential Process

(1) Analysis 1

The measurement conditions shown in references (Fig 2 and 3) were reproduced as closely as possible to
simulate the initial displacement.
Or  Mucosa

Fig. 5 shows the load conditions of the oral mucosa.The load applied was 0.1 kg / cm?, and the loading
range was 60 mm”. The surface load was applied, and maximum vertical displacement of the oral mucosa was
measured. Material properties (Young modulus and Poison ratios) of the oral mucosa were determined so that
those values were close to the actual measurement value found in human subjects under the same loading
condition (82.5 um). The oral mucosal elements stress value of maximum vertical displacement was measured
as well(von Mises equivalent stress). The results are shown in Table 1.
@ Periodontal ligament

Fig. 6 shows the load condition of the periodontal ligament. A 100 gf contact load was applied on the
crown of abutment left lower canine in the tooth axial direction. The maximum vertical displacement was
measured, and the material constant was determined so that the value was close to the actual measurement
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value in humans (10.0 um). The maximum stress value in the periodontal ligament element ~ was also
measured (von Mises equivalent stress). The results are shown in Table 2.

Fig 5 : Load Conditions of Initial
displacement (Mucosa)

Table 1: Result of Analysis 1 (mucosa)

Fig 6 : Load Conditions of Initial
displacement (canine)

Table 2: Result of Analysis 1
(Periodontal Ligament)

Young Modulus Poisson ‘s ratio

( MPa )

Young Modulus Poisson ‘s ratio

{MPa )

0.265 0.300

83.0 um Sinkage

Max Stress {MPa)}
o : 3.2905E-004

0.150 0.300

10.8 um Sinkage

Max Stress (MPa)
0 :5.204E-004

(2) Program for Material Constant alteration

A program was specifically created for conversion of the material constant for oral mucosa and
periodontal ligament during the analysis. This program was used as a user subroutine of the analysis solver
Marc 2008 rl in order to reflect the program in the analysis. The program was reflected in the analysis through
Intel (R) Visual Fortran complier 10.1.

Element numbers of the oral mucosa and the periodontal ligament were assigned to the program so that
those material constants can be changed automatically. Stress value at the subject elements was extracted as
von Mises stress. The program was set so that the stress values shown in Tables 1 and 2 were used as material
constants until the stress reached a conversion point, and then material constants changed when further stress
was applied. This program automatically changes the material constant when the further stress was applied.
The results suggested that the stress values arising in the oral mucosa and the periodontal ligament
automatically change when they exceeded the value in the initial displacement.

(3) Analysis 2

A second analysis was performed using the program described above to reproduce the when higher
loading exceeding the first analysis loading was applied. The analysis conditions were identical to the first
analysis conditions except for the new higher loading force evaluated.

(DMucosa

The load applied on the oral mucosa was 3.0 kg / cm”. The maximum vertical displacement of the oral
mucosa was measured in the same manner as the first analysis, and material constants of the oral mucosa were
determined so that those values were close to the actual measurement value in humans under the same loading
condition (210.0 um). The results are shown in Table 3.

@ Periodontal ligament
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The load applied on the abutment was 500 gf. The maximum vertical displacement of the abutment was
measured, and material constants of the periodontal ligament were determined so that those values were close

Table 4: Result of Analysis 2

Table 3: Result of Analysis 2 (mucosa) (Periodontal Ligament)

Young Modulus Poisson ‘s ratio Young Modulus Poisson ‘s ratio

{ MPa ) (MPa)
3.500 0.490 0.750 0.300

212.3 um Sinkage 20.3 um Sinkage

to the actual measurement value in humans under the same loading condition (20.0 pm). The results are shown
in Table 4.

The program allows the simulation of the initial displacement when a load of < 0.1 kg / cm? and < 100 gf were
applied on the oral mucosa and the periodontal ligament, respectively, and the secondary displacement when a
heavier load was applied. Stress-strain curve obtained by the computation history of the analysis was used to
check if the material property conversion in the second analysis was performed using the stress value obtained
in the first analysis.

2. Stress analysis

A load was applied on the analysis shown in Fig. 1 using the material nonlinear program developed in the
present study. The detailed conditions for the analysis were as follows:
The analysis type used was elastic stress analysis. General purpose finite element program Marc 2008 r1 was
used as an analysis solver.

1) Boundary conditions

Coulomb’s friction coefficient u=0.01 was applied as a contact condition at a contact point between a
denture and retainer.

Fig. 7 shows the constraint condition and he loading condition.. A compete constraint was applied to the
inferior border of the mandible in the X, Y, and Z directions.Vertical surface pressure loads of 10, 20, and 30 N
were applied on the occlusal plane of a denture. The loading range was entire occlusal surface of the denture.
2) Material properties

Table 5 shows components and mechanical property values of the analysis model. The same material
constant was used for a crown, attachment, and metal frame.

The material constants of the oral mucosa and periodontal Table 5: Material Properties
ligament were changed by the program to reflect the v Modul E—
analysis, and the initial and secondary displacements were T N s 5 olsson s
(Wa) ratio
reproduced.
Mucosa 0.265 0.300
v v
3.500 0.490
Periodontal 0.150 0.300
Ligament \ v
0.750 0.300
Compact bone 117,60 0.250
Cancellous bone 14,70 0.300
Dentin 117,60 0.350
Metal 940,80 0.300
Denture 14,70 0.300

Fig 7: Boundary Condition
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Results

1. Introduction of nonlinear property
1) Comparison of analysis result and actual measurement

Nonlinear properties were introduced into the finite element model for the analysis. The comparison was
made between actual measurements in humans described in the references (Fig 2 and 3) and analysis results.
O Mucosa

Fig 8 shows the vertical displacement of the oral mucosa.

—@— actual measurement

=
(%)
2L
)
)
o
3
o
>
—+
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(9]
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3.0 ( Kgf/cm?)

Fig 8: Vertical displacement (mucosa)

@ Periodontal ligament
Fig 9 shows the vertical displacement of the abutment.
The initial and secondary displacements of the oral mucosa and the periodontal ligament were simulated

to be close.

N
o

—@— actual measurement

jusawade|dsiq
(=Y
o

== == analysis result

10]0]

Fig 9: Vertical displacement (canine)
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2. Stress analysis results
Load was applied to the analysis model shown in Fig. 1 using the material nonlinear program, followed by the
analysis. The analysis results of the displacement amount of a denture and abutment were as follows:
1) Displacement of an abutment

Fig 10 shows the displacement of an abutment under three loading conditions. The displacement amount
increased with increasing applied load, but no commensurate increase against the load was observed.

O Measuring
point

. \

Fig 10: Distal displacement of Abutment

2) Displacement of a denture

Fig 11 shows the vertical displacement of the inferior border of a denture under three loading conditions.
The displacement amount increased with increasing applied load, but no commensurate increase against the
load was observed.

O Measuring
point

Fig 11: Vertical displacement of Denture
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Discussions

1. Finite element method

There have been many reports on the stress analysis in dentistry. Although the analysis subjects vary from
hard tissues to implants, few reports are available on the stress analysis of the soft tissues. The dearth of soft
tissue analysis studies suggests and inherent difficulty in the evaluation and simulation of viscoelasticity and
soft tissues behavior. An elastic element with true elastic properties and alternative elements can be used to
simulate the viscoelasticity of the soft tissues. Solid biologic foundational information of oral mucosa and
periodontal ligament tissues is required to accurately use these methods. However, few reports are available on
physiologic behavior of the oral mucosa and the periodontal ligament. In the present study, the difference in the
displacement between the oral mucosa and the periodontal ligament under loading conditions were evaluated.
The material constant was changed using adaptational programming with a user subroutine utilizing loading
conditions based upon actual body measurements for close simulation of oral mucosa and periodontal ligament
behavior. This study will be of great value to future stress analyses investigations of intraoral soft tissues.
2. Introduction of nonlinear property

Two phase behavior of the oral mucosa and the periodontal ligament can be simulated by using the
program in which the stress value of the element under load application was set to be a turning point of the
material constant. This method allows simulation approaching human physiologic tissue boundaries. This
program also allows the simulation of both oral mucosa and the periodontal ligament tissues by different
analysis models and using other materials to show complex behaviors. The methods in the present study was
based on the previous efforts by Ishida (The First Department of Prosthodontics, School of Dentistry, Aichi-
Gakuin University).
1) Mucosa

Initial and secondary displacements of the oral mucosa against load were simulated by finite element
method using two material constants. However, due to the complex human behavior as reported by Kishi (Fig
2), no significant change was observed in the displacement with an increase in the load above 1.5 kg/cm”. The
program used in the present study was designed for simulation of two-phase human tissue behavior by change
of the material constant value. The results shown in Table 9 suggest a minor difference in the displacement of
tissues.
Further studies are required to simulate complex human tissue behavior more accurately by the subdivision of
displacements against different loads based upon the program and setting the material constant for each
displacement.
2) Periodontal ligament

Initial and secondary displacements of the periodontal ligament against load were simulated by finite
element method using two material constants.
The analysis of the periodontal ligament was performed in the program using two material constants to
compare the results with Ogita’s report shown in Fig 9 . A minor difference was noted in the displacement
between 100 gf and 300 gf. Unlike the oral mucosa where the load is directly applied, the load is transmitted to
the periodontal ligament through an abutment. In the analyses 1 and 2, the material constants were determined
to be close to the actual measurements in humans. In contrast, there are minor variations in stress generated in
the periodontal ligament element depending on the morphology of abutment roots under 300 gf load
application.
The results suggest the necessity of subdivision of displacements against different loads and the setting of the
material constant for each displacement in the periodontal ligament.
3. Stress analysis results

Although the greater displacement was observed at 30 N load application than 10 N, an increase in the
displacement was not in proportion to the load as was the case in material linear analysis. This is considered to
be due to the fact that stress arose in the oral mucosa and periodontal ligament elements by load appication
reached a turning point, resulting in an increase in rigidity of elements and an inhibition of displacement. The
rigidity of the oral mucosa and periodontal membrane increased by using this system, allowing the application
of heavy loads that could not be used in the conventional material linear analysis. This system provides a more
practical stress analysis.



ol

JJ Mag Dent Vol.19 No.2 2010

Conclusion

A material nonlinear property was introduced to the finite element method in order to accurately simulate
the viscoelastic behavior of oral mucosa and the periodontal ligament. The present study demonstrated the
analysis results and the availability of the material constant changing program can be effectively used in
material nonlinear analysis. The following conclusions were drawn:

1. Two-phase behavior similar to that found in humans was simulated by introducing a material nonlinear
property into the oral mucosa and the periodontal ligament estimations of the finite element model, allowing
practical simulation.

2. The analysis of the mechanical properties demonstrated a decrease in the displacement of oral mucosa and
periodontal ligament with an increase of Young’s modulus and Poisson’s ratio.
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Introduction

The clinical efficacies of a magnetic attachment have been widely demonstrated. This includes a small
lateral load on an abutment tooth due to its non-mechanical retentive force and aesthetic appearancel) .

Although the magnetic assembly and retaining keeper are designed to exert a concentrated maximum
attractive force within a small particular size and area, the problem of space constrains and attachment
positioning related to clinical applications with adjacent or opposing dentition often occurs™ It is not
recommended to process commercial magnetic attachment since it may diminish attractive force and
corrosion resistance. However, partial processing of a keeper is often inevitable to enhance clinical results.
In such cases, it is important to understand the influence of processing on the attachment function.

Objective

The stainless steel used for magnetic attachments exhibits non-linear attractive force properties. The
accounting of non-linear behavior results in difficulties for accurate force calculations. FEM analysis is
necessary to estimate the size and structure of a magnetic attachment. The present study focused on the
effect of magnetic keeper thickness, and investigated upon the influence of keeper thickness and attractive
force using a three-dimensional finite element method.

Analysis Method

1: Analysis model
A common proprietary magnetic attachment was
selected as reference model for creation of an analysis
model (GIGAUSS C 600 GC) (Fig. 1). Sample
measurements were made prior to modeling
procedures. Actual and proprietary measurements
were compared to estimate the external shape of the
attachment. Internal configuration data was also
required for modeling but was not available. The
sample attachment was embedded, sectioned, and Fig 1: GIGAUSS C600 ( GC)
then internally measured to determine internal shape '
and measurement configurations. An
analysis model was constructed using a Magnetic Assembly
special software program (MENTAT -
MSC Software) and the external and
internal attachment measurements. Element
breakdown of the analysis area selected was
determined to be 10 mm x 10 mm in height
and width. A three-dimensional model with
Y4 minor axis section in size was
constructed considering the axis shape of a
GIGAUSS C 600 magnetic attachment. The

Magnet

Ring

Shield Disk

(mm)

element type designation was three- L ot Keeper
dimensional hexahedral element. Element Fig 2: Size of the magnetic attachment

count was 12052, and nodal point was
10395 (Fig. 2).
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2: Analysis condition
The magnet used in the present study was neodymium iron and boron (Nd-Fe-B). The SUS447]J1
stainless steel was used for a yoke and a keeper. The magnetic proI)erty value was determined based on the
thermal property of GIGAUSS D 600 obtained from a data report ¥ and manufacturer’s information.
Although it was determined that the
original stainless steel material of a
yoke and keeper was SUSXM27, a
different steel substitute value for * Component
SUSXM27 required selection. The
steel selected for similar and
functionally identical magnetic
properties was SUS447]1 steel - Keeper : SUS44711
material. The SUS447J1 steel
material values were assigned since
proprietary information of = Magnetic Characteristic
SUSXM27 was not available. The B-
H curve was then approximated and
selected from these values, and then,

Tablel: Analysis conditions

+ Magnetic assembly magnet : Nd-Fe-B
Yoke : SUS447J1

= Magnet ( BH ) max = 46 MGOe
Residual magnetic induction =122 T

designated as magnetic properties * Yoke Saturation magnetic induetion=1.35T
(Table 1). The GiD (CIMNE) was
used for the input of the analysis B-Hecurve B=Bs{l-exp(-4,- &,  H/Bs)}

condition, and the MAGNA/FIM
(CTC Solution) was used for the
analysis. Nastran format was used for the file exchange between MENTAT and GiD.
3: Analysis items

Thirteen items were analyzed when the keeper thickness was changed by 0.05 mm between 0.30 and
0.90 mm. The analysis was performed on the magnetic flux density distributions and attractive forces when
the keeper thickness was changed.

Results

1: Magnetic flux density distribution

The comparison of the magnetic flux density distribution with the change of keeper thickness (Fig. 3)
showed the specified saturation magnetic flux density distribution between a magnetic and a keeper with
0.90, 0.80, 0.70 and 0.60 mm in thickness. However, no significant difference was confirmed in the
magnetic flux density distribution of a magnetic assembly and inner keeper. The area of the specified
saturation magnetic flux density distribution increased with a decrease of keeper thickness from 0.50mm to
0.40 mm and 0.30 mm. Oversaturated magnetic flux density distribution was confirmed in the saturated
magnetic flux density distribution. The area of the oversaturated magnetic flux density distribution
increased with a decrease of keeper thickness. The comparison of the magnetic flux density distribution
between major and minor axes in the keeper showed a significant difference in the saturated magnetic flux
density distribution in the thinner keeper, and increase in the oversaturated magnetic flux distribution in the
long axis.

0.60 mm

Fig 3: Magnetic flux density distribution
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2: Attractive force

Fig. 4 shows the relationship (gD
between a keeper thickness and 600
attractive force. Keepers with > 0.7 mm ————
thickness showed attractive force of 520 5w
— 530 gf. A decrease in the attractive ; il \
force was observed in keepers with <0.7 B \
mm thickness. The attractive forces i owm
were 95% in 0.6 mm, 86% in 0.5 mm, - \
71% in 0.4 mm, and 38% in 0.3 mm o
when the 0.7 mm thickness was defined 1m
as 100%.

Discussions 1R} 0.80 0.7 0.60 0.50 040 0.30 (mm)

The attraction and repulsion force BecpreThickest

dynamics of a magnet have not been Fig 4: Attractive force

well reported. Although magnetic force

and magnetic fields can be measured using specialized measuring devices, it is difficult to design a magnet
with maximum magnetic force based solely on the results, and also to verify the optimal properties for
minimal field leakage. The FEM technique is the only known method that allows simultaneous
visualization of system dynamics under variable conditions. In the present study, we measured the internal
structure of a magnetic attachment sample, and constructed the correlated analytical model based on the
known measurements. Therefore, the constructed model accurately reproduced the morphology of the
original sample. For the analysis condition, a different steel substitute value for SUSXM27 required
selection. The steel selected for similar and functionally identical magnetic properties was SUS447]1 steel
material. The SUS447J1 steel material values were assigned since proprietary information of SUSXM27
was not available. The B-H curve was approximated, and the magnetic properties were assigned for the
magnetic attachment. The further areas of investigation include more accurate measurement and a search
for improved magnetic materials. GIGAUSS C 600 was used as a reference in the present study. A
significant increase in the saturated magnetic flux density distribution was observed in keepers with <0.7
mm thickness. Attractive force peaked at 530 gf in a 0.7 mm keeper, and gradually decreased with a
decrease in the keeper thickness. Ninety percent attractive force was maintained in keepers of >0.55 mm
thickness, suggesting that there was no significant decrease in the attractive force. This is considered to be
due to the magnetic flux density distribution in the keeper. In a cup-type keeper, magnetic flux density
distribution concentrated on the center of minor and major axes of a keeper, and gradually decreased
towards the margin. Due to the wide cross-sectional area perpendicular to the magnetic flux, magnetic
saturation does not occur with a decrease of the keeper thickness. The influence of saturation magnetic flux
density on the attractive force of a cup-type attachment is smaller compared to the sandwich type.
Sufficient attractive force for clinical use can be maintained in thin keepers. It is considered that a stainless
keeper can be reduced in thickness due to its high saturation magnetic flux density, suggesting further
clinical application.

Conclusion

The present study focused on a keeper of a magnetic attachment, and investigated the influence of the
keeper thickness on attractive force using FEM. The following results were obtained:
1. The area of the oversaturated magnetic flux density distribution increased with a decrease of keeper
thickness. Oversaturated magnetic flux density distribution was observed in the saturated magnetic flux
density distribution.
2. Attractive force peaked at 530 gf in a 0.7 mm keeper, and gradually decreased with a decrease in the
keeper thickness. Ninety percent attractive force was maintained in keepers of >0.55 mm thickness.

o4
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Introduction

Numerous variations of partial denture designs exist. Most conventional partial denture framework
designs for unilateral partially edentulous distal extension treatments requires use of includes indirect
retainers on supporting dentition contralateral to the missing tooth area. However, unilateral design is
often employed to meet patients’ aesthetic expectations and comfort. The application of magnetic
attachments has rapidly expanded by using them for extracoronal applications. In the 18™ Conference of
the Japanese Society of Magnetic Applications in Dentistry, Ando (The Department of Removable
Prosthodontics, School of Dentistry, Aichi-Gakuin University ) reported that the effect of abutment
tooth connection reaches maximum when three abutments are connected in a unilateral denture with
extracoronal magnetic attachments. Kanbara (The Department of Removable Prosthodontics, School of
Dentistry, Aichi-Gakuin University ) comparatively evaluated and confirmed the effectiveness and use
requirements of bracing arms with extracoronal attachments with a rest or lingual bar options.

Objective

The aim of the present study was to evaluate design criteria for different unilateral distal extension
partial denture designs and make recommendations for an optimal design. The designs evaluated in this
present study include extracoronal retainer attachments and conventional Akers clasps retainer designs.
The influence of the denture design on adjacent abutments and supporting tissues was investigated and
compared using finite element method (FEM).

Analysis models

1.Denture design . S
. . design of adapted EMA
The following designs were proposed for the Etrcaatmamet
unilateral distal extension partial dentures replacing the 7654321 | 1234 5% S
. L1
lower left first and second molars (Fig. 1): 3
1) Denture with extracoronal magnetic Usudl representative design ersGaso
attachment ® Unilateral treatment
2) Conventional denture with unilateral design 7654321|123@ = 3
3) Conventional denture with bilateral design. & Biisierdl ireaimer? il
Bilateral denture design . . 7664321 |1 234567
Akers clasp was applied on the distal side of the lower —
left second premolar, and double Akers clasp was
applied on the lower right second premolar and first
molar. Fig. 1. Denture design

2.Finite element model construction
Each denture design was applied to the FEM model constructed by Ando. The model was fabricated
based on the CT data and study model of an actual patient (Fig. 2). The samples for CT scan shown in the
fig. 3 were fabricated using scanning resin (Yamahachi dental material) to embed the retainers designed
for the present study. Each sample was scanned with Micro CT (Shimazu), and three-dimensional model

was constructed using Mimics (Materialize). Morphological data was altered, imported into Patran (MSC),

and incorporated into the denture design on the computer (Fig. 3).

o6
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—( 5 FE[‘," sofzware

'j %\/ - Mimics yuerase

)_ Geometry DATA
LN (STL)

CTDATA }\! w0 j Scanning resin ( Yamahachi Dental MFG.Co)

- ” V Pre&Post process @ﬁf@@ HSE Sotwerel)

Fig. 2. Basis model Fig. 3. Import of data

Basic model

3.Analysis model

Each analysis model, element and contact points are shown in Fig. 4.

Canine, first and second premolars were interconnected in all models to compare the influence of the
difference in denture design on the periodontal tissue and denture movement.
1) E-A model

The model with a bracing arm incorporated into an extracoronal attachment on the lingual side of the
lower left second premolar (E-A model)
2) A-C model

The unilateral model with Akers clasps on the mesial side of the left lower first premolar and distal side
of the second premolar (A-C model)
3) L-B model

Indirect retainer model with a Akers clasp on the distal side of the lower left second premolar and twin
clasp on the right lower second premolar and first molar (L-B model)

E - Amodel A- C model

elements: 118,085 elements: 162,205

nodes : 27,083 nodes : 36,874
L - B model

elements: 147,260

nodes : 32,368

Fig. 4. Analysis models
Analysis

Mechanical property value was input into the constructed ) ;
FEM model. The boundary conditions were applied, followed by W‘mﬁsm, .

the analysis using a nonlinear structure analysis solver Modulus (¥ Pa) Ratio
(Marc2005r3, MSC Software).

periodontal |igament 1.00 0.45
- aes oral mucosa 0.10 0.45
1.Analysis condition e mees
Contact conditions were applied between a denture and the cortical bone 11.760 0.25
mucosa, and an abutment and an attachment. The coulomb cancel lous bone 1,470 0.30
friction was applied, and friction coefficient was set at L =0.01. tooth 11,760 0.35
Analys¥s type was linear elastic stress analysis, and StERE S560 6.5
three-dimensional tetrahedron and pentahedron elements were
dantirs 2,450 0.30

employed. DELL PRECISION 470 (DELL) was used for the
analysis. Tablel. Mechanical Properties
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2.Components and mechanical properties
Table 1 shows model components and mechanical properties of each component. Mechanical property
values close to precious metal materials for dental metal ceramic restoration (Degdent Universal, Densply
Sankin) that are widely used in clinical practice were applied to the metals used for crown, attachment,
and metal frame. For the periodontal membrane and mucosa, exploratory analyses were repeated for the
vertical displacement, and mechanical property value close to the reported measurement value was
employed.

3.Boundary condition
The lower bilateral coronoid processes were under complete restraint (Fig. 5). A total of 10 N loads
vertical to the occlusal plane was applied to the occlusal surface of artificial teeth (Fig. 6).

S
AV

%
AV,
Vé“ﬁ%“:‘? s
LR

Fig. 5.Fix condition Fig. 6.Load condition

Results

1.Stress distribution

The following are the results of stress distribution. The Von Mises stress test was used for the stress
distribution analysis.
1)Abutment

Fig. 7 shows the stress distribution of abutments from the distal-lingual side of the second premolar.
The second premolar received the highest stress, followed by the canine and the first premolar. The stress
was concentrated on the margin of abutments. Stress concentration was observed around extracoronal
attachment and slit in the E-A model with attachments, and just below the rest in the A-C and L-B models
with clasps. The stress distribution on the root was measured to assess the stress on the periodontal tissue.
The result showed stress concentration on the distal side of the second premolar in all models. The E-A
model demonstrated the highest stress concentration, followed by A-C and L-B models.
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Fig 7.Abutment
2)Alveolar bone
Fig. 8 shows the stress distribution of the alveolar bone from the distal-lingual direction. Stress
concentration was found around the margin of the alveolar socket especially in the distal side of the
canine and mesial side of the first premolar. The E-A model demonstrated the highest stress concentration,
followed by A-C and L-B models, suggesting the same trend as the stress concentration on abutments.
(MPa)

BT ¢ EXED e’

Fig 8. Alveolar bone

2.Displacement
1)Vertical displacement of dentures
Fig. 9 shows the vertical displacement of the posterior margin of the denture. The most posterior
abutment was used as a reference. Measuring points were the posterior margin of the denture and the cusp
tip of the most posterior abutment. The largest vertical displacement was observed in the A-C model. The
E-A model showed a smaller vertical displacement than the bilateral L-B model.
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Fig. 9. Vertical displacement of dentures

2)Distal displacement of abutments

Fig. 10 shows the distal displacement of abutments. Measuring point was a cusp tip of the most
posterior abutment. The E-A model showed the largest distal displacement of an abutment although the
displacement amount was much smaller compared to the vertical displacement. The L-B model showed
the smallest distal displacement.

Distal
'dlsalaqement

0.000 0.005 0010 0015 0.020 0025 0030  (mm)

Fig. 10. Distal displacement of abutments

Disucussion

1.Analysis model
Clasps were fabricated with a scanning resin, and incorporated into the ready-made FEM model. This
construction method allows simulation of various denture designs.
Three abutments adjacent to the edentulous space were rigidly splinted interconnected in all three models
to compare the mechanical properties depending on the denture design. However, rigidly splinting fixed
abutments for partial denture supporting abutments is not a common treatment methods.  Further
research is required to establish clinical evidence.

2.Analysis results
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The E-A model showed the larger stress distribution on abutments and the alveolar bone compared to
the other two models, but showed the smallest vertical displacement. Rigid designs including slit in the
attachment, lingual bracing arm and interlocking attachments reinforce the denture. Although this model
has the most pleasing aesthetics, the design resulting in large stresses being placed on the remaining
tissues. Careful assessment and diagnosis are required prior to selection of this design.

The unilateral A-C model is thought to mitigate the patients’ discomfort of patients compare to bilateral
partial denture designs. However, the unilateral A-C model demonstrated the largest vertical displacement,
suggesting possibility of a poorer prognosis.

The bilateral L-B model showed a smaller stress distribution on abutments and the alveolar bone
compared to the other two models, and an identical vertical displacement as the E-A model. Considering
the small stress distribution on abutments and the alveolar bone and vertical displacement, the L-B model
is considered to be the design that provides the most ideal results and possible clinical outcome.

Conclusion

Mechanical analysis was performed in three denture designs for the lower left first and second molars
loss case, and the following conclusions were drawn.

1. Mechanical properties were different depending on the denture design. It is considered important to
design the denture considering patients’ request and periodontal tissue condition.

2. The A-C model demonstrated a larger vertical displacement compare to the E-A model.

3. The L-B model demonstrated a smaller stress on the periodontal tissue compare to the E-A model.
This model also showed a small vertical displacement and small abutment displacement, suggesting
that the L-B model is the most efficient design.

4. The E-A model demonstrated a small vertical displacement, but a larger stress on the periodontal
tissue and abutment displacement compare to the other two models, suggesting that this design is the
most rigid among 3 designs.
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Introduction

The metal artifact of MRI by dental alloys becomes the problem in the clinical site. Therefore, it is

important to discuss effects of them.

Objective

Objective of this study is to propose a theoreticaly method to calculate the metal artifact of MRI by

dental alloys.

Methods

In this study, a magnetic dipole is uses as an approximate model of dental alloys.

In addition to the simulation of MRI that uses approximate models substitution for the finite element
method (FEM).

The FEM is used widely to calculate the magnetic field surrounding magnetic materials. Although
the results by the FEM fit the practical conditions, it is necessary to include the amount of time for
preparation and calculation.

In contrast, The simulation is simple and easy to understand. Moreover it does not take

much time.

Materials

A small amount of magnetic material in the magnetic field, such as a magnetic keeper
in the MRI equipment, can be assumed to be a magnetic dipole!.

This analysis is only on the z-axis for the understanding of the phenomenon.

The keeper's position is the starting point (z=0).

A magnetic field becomes strong by a gradient magnetic field if z is larger than z=0, and

it becomes weak if z is smaller than z=0.
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Figure 1 shows the parameter of the simulation.

Keeper Material Soft magnetic stainless steel
Saturation magnetic flux density 1.6T
Height Imm
Diameter 4mm
MRI Static magnetic field strength 1.5T
Gradient magnetic field strength 30mT/m
Analytical domain z(-100mm~100mm)

Fig. 1 Parameter of the simulation

The magnetic flux density on the z axis by MRI is expressed as

I JEE P & (4 B AL O B SO .L,}cipi\,c

AT
[—
g

where B, is the magnetic flux density on the z, By is static magnetic field(T) ,
AB, is gradient magnetic field(T/m) , By, is magnetic dipole(T)
The distortion of the image is caused by Bgy(2).

Bgp(z) on z axis is expressed as

V By 4
de(z) = YT (2)

27|

where V is keeper's volume(m3)
The MRI recognizes position information by the magnetic flux density.

Relations of magnetic flux density for position recognition of the MRI and magnetic flux density in a

certain position z is expressed as
By + AB,%' = By + AB.z + Byy(2) (3)

where z’ is the z position in the MRI image.
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Result

Relations of z that before and after an image reconfiguration as

Z/ — ‘V’B{}
77 27|2]3AB.

This is solved (3) about z’
Figure 3 is drawn by using (4)

Figure 3(a) shows an example of the geometric distortion.

64

(4)

For example the signals of the MRI from -18mm is done an image reconfiguration of in the location

of the 20mm of a image.

Figure 3(b) shows the sample of the intensity distortion.

The signals of the MRI from the volume of dz' is regarded as the signal from the volume of dz on

MRI. In other words, Signal strength changes that because volumes are different; therefore ,It can

express the signal strength in z' by dz’/dz.

=
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Fig. 3(a) Geometric distortion
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Figure 4 shows the NMR signal strength ona z'axis.

Figure 4 is that differentiated (4) with respect to z .

<100 80 60 40 20 0 20 40

Fig. 3(b) Intensity distortion

100

Since the uniform domain is assumed, the signal strength must be 1 in every position, but it is small

around the keeper.
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Fig.4 signal strength ona z'axis.

Conclusion

The MRI artifact by dental alloys contains geometric and intensity distortion.

Intensity distortion causes a decrease and an increase in the signal strength of NMR.

Geometric distortion is an error of the position information of the signal.

The result of this study shows a tendency similar to that in other clinical studies” and confirm that
this study method is useful.

This study is only for the z-axis , but it is necessary to do research in the three dimensions as a future

problem.
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