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Observation of Blood Flow on Palatal Mucosa using an Improved Probe
T.Kawaguchi, K.Hoshiai ,R.Ito, W.Fujinami,A.Otoda,Y.Tanaka,H.Nagai,M.Mitsui,Y.Tanaka

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

Introduction

In order to evaluate oral health and the function of prostheses, it is important to clarify the movement of
blood flow on the palatal mucosa and in the cervical region around abutment teeth. In the past, we have
observed blood flow on the palatal mucosa;"> ,however, the probe used to measuring blood flow has a
number of limitations and restrictions. In the present study we make use of a newly-developed and more
advanced miniature probe which can take more detailed measurements, and we present measurements of
blood-flow volume in the palate and near the cervical region of the teeth areas in which we had difficulty in

measuring in the past.

Materials and Methods

The improved probe, which was used for blood-flow-volume measurement, is about 1/10 the diameter of

the previous model, and it is more flexible. (Figl)

gl

Figl: Comparison of improved model(¢0.17mm) with previous model(¢1.8mm)

By comparing measurements of the same part of a palate using both models, we determined that there was

no difference in the measurement accuracy.

Experiment@: To clarify blood flow volume of in the cervical region of teeth.
Subject: 8persons(3 men, 5 women) average age is 28.9 years old(£3.3y)
Points of Measurement: Three points separated by 1mm intervals, in the cervical region of the first molar

1 mm (Fig 2)

Experiment@): To measure the blood-flow under a denture base at the time of load.

We created a model of a denture which covers occlusal surface of the maxillary molars and palate. (Fig3)
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Fig 2: Points of Measurement Fig 3: model of a denture

Blood flow volume was measured at the time of load. The maximum occlusal pressure measurement was
performed simultaneously.

* The right-and-left first molar and second molar section of the model was occluded.

* The thickness of the model was about 1.5mm

+ The point of measurement was the mesial point, which was separated from the cervical region of

right-and-left first molars by 1 mm.

* Load was measured in terms of continuous load and intermittent load.

Continuous load involved a maximum occlusal pressure of about 400N, on average, Whereas intermittent
load involved tapping at the rate of three times per second.

+ On the right side, the denture model and mucosa became stuck, and on the left side, the denture model and

mucosa had about Imm of relief. (Fig4)

Point of
measurement

Fig 4: The difference in how to give occlusal force
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Results

In experiment(D),a significant difference in the blood flow volume among the three Measuring points was
not seen. (Fig 5)

(ml/min/100g)

. I
blood-flow *

volume ¢ I

-

mesial center distal

Mean (SE)

Fig 5: Blood flow volume among the three measuring points

In experiment(®), in case of relieved, rate with decreasing a blood flow volume becomes small clearly

rather than in case of stuck. (Fig6)
Comparison of rate decreasing a blood flow volume
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Fig 6: Comparison of rate with decreasing a blood flow volume(continuous load)

In case of relieved, rate with increasing a blood flow volume becomes small clear rather than in case of

stuck. (Fig7)
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Fig 7: Comparison of rate increasing a blood flow volume(intermittent load)
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Discussion

In experiment(D,a clear difference in three measured regions was not seen,and the Mesial point of
measurement was the most stable. The mesial point of measurement was considered to be the optimal
measurement point in the cervical region of the teeth.

Therefore, the mesial point of measurement was applied in the second experiment.

In experiment®), the aspect of blood-flow-volume change in the case of intermittent load and continuous
load which were measured under the conditions of occlusal pressure, showed the same tendency as the
result of the past experiments under pressure.

Moreover, blood-flow-volume change in case of intermittent load and continuous load under the
conditions with relief were clearly smaller than those under the conditions of being stuck. This was the

same result seen in past experiments under similar pressure conditions.

Conclusion

The measurement of blood-flow-volume change under the conditions of occlusal pressure, which were
difficult to perform until now, have become possible due to the use of the improved probe. Under various

1)-4 .. ..
Y under similar conditions of

conditions, our results were similar to those seen in past experiments
pressure.

Based on our findings, we believed that the improved probe is sufficiently reliable for use under clinical
conditions. We intend to conduct further investigations into detailed blood-flow-volume measurements

under clinical conditions.

References

1. Hasegawa,N.: Studies of Dynamic Properties of the Blood Flow of the Human Palatal Mucosa ,The
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Pressure distribution of implant-supported removable partial dentures
with stress-breaking attachments

K.Kono', Y. Suzuki’, M. Sato', C. Ohkubo', M. Takahashi’

'Department of Removable Prosthodontics, Tsurumi University
Division of Oral and Maxillofacial Implantlogy, Tsurumi University
*GC Corp

Introduction

The implant has been placed in the edentulous ridge to support and stabilize the removable partial
denture (RPD) and minimize the rotational movement"? (Fig.1). As a result, less bone resorption,
fewer numbers of relining and minimum decrease of retentive force of precision attachments would
be expected. There are remarkable differences between implant mobility and soft tissue displacement
under occlusal force. Therefore, the implant might undergo excessive pressure with a conventional
RPD during masticatory function. The stress-breaking attachment for implant has been developed to
prevent the excessive and harmful occlusal forces.

Fig.1 The implant has been placed in the edentulous ridge to support and stabilize the removable
partial denture (RPD) and minimize the rotational movement

Objective

This study investigated the pressure distribution of the implant-supported RPDs with the stress
breaking attachment under the occlusal force.

Materials and Methods

A model simulating a mandibular bilateral distal extension missing (#34 to #37 and #44 to #47) was
fabricated using silicone impression material (FIT CHECKER® GC CORPORATION, Tokyo, Japan)
as soft tissue (2.0 mm thick) on an epoxy resin bone model (Fig. 2). Five small pressure sensors
(4.2mm diameter, PS-10KA, PS-10KB, Kyowa, Tokyo, Japan) were attached near the left and right
first molars, first premolars and medio-lingual alveolar crest. The sensor at the median was
positioned beneath the lingual bar when the RPD was set on the modified models. Five bilateral
distal extension RPDs with a lingual bar and Akers clasps on both canines were designed and formed
like an occlusion rim without any denture teeth. Co-Cr frameworks were conventionally cast, and
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then heat-cured denture base resin was packed and polymerized (Fig. 3). Two implants (Strauman,
RP 10 mm) were placed at the bilateral second molar regions (#37 and #47). Implant-supported
RPDs, with the non stress-breaking connection (healing cap: Hc) and the two stress-breaking
connection (SBB attachment, GC, Tokyo: SBB, Magfit IPS, Aichi Steel Corp, Aichi: Mg) were
fabricated. For a conventional RPD (CRPD), healing screws were placed without being connected to
the implants (Fig. 4,5). Loads up to 5kg were applied, and the pressure and displacement of the
RPDs were simultaneously measured and analyzed using the Wilcoxen test (0¢=0.05).

Fig . 3 Simulation denture

ISRPD-H (Healing cap)  CRPD (Healing screw)  Magnetic attachment SBB attachment
Fig. 4 Implant supported situation

Hlaldld

Healing cap (Ha) Healing screw (CRPD)  Magnetic attachment (Mg) Ball attachment (SBB)

Fig. § Schematic of implant supported RPD

Results

The pressure on #36 and #46 of HC and MG was significantly less than SBB and CRPD (p<0.05). In
contrast, the pressure on #34 and #44 of SBB and the MG were slightly greater than HC and CRPD.
The pressure of CRPD indicated approximately one half times to three times at medio-lingual
alveolar crest, compared with HC and MG, SBB (Fig.6). The amount of total pressure of HC and
MG was significantly less than for SBB and CRPD (p<0.05) (Fig.7). The denture displacement of
He and Mg tended to be less than for CRPD and SBB. There were approximately 20-40um
differences among Hc, Mg and CRPD (p<0.05) (Fig.8).
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Fig. 8 Denture displacement

Discussion

The results of this study indicated that implant placement at the distal edentulous ridge can prevent
the denture displacement of the distal extension bases. Note that the pressure at the distal regions
(#36 and #46) decreased compared with the mesial regions (#34 and #44) by implant support. The
pressure differences of the alveolar ridge, the SBB attachment tended to be greater than Healing cap
and magnet attachment. The buffer action of magnet attachment was less than SBB attachment in
vertical direction. Because the SBB attachment is stress breaking attachment until the denture
displacement was 0.3mm. The selection of SBB attachment should be considered so that the occlusal
force can be equally distributed between alveolar ridge and implants.

Conclusion

Within the in vitro limitations, precise denture settlements and pressure distribution under the
denture base could be controlled using a SBB attachment. SBB attachment might be able to protect
the implant from harmful force.

References

1. Ohkubo C, Effect of implant support on distal extension removable partial dentures: in vitro
assessment, J Oral Rehabili 34(1):52-56, 2007.

2. Ohkubo C, Effect of implant support on distal-extension removable partial dentures: in vivo

assessment, Int J Oral Maxillofac Implants 23(6):1095-1101, 2008.
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Stress Analysis of Implant Keepers with Different Retaining Methods
K. Hayashi, R. Kanbara, Y. Nakamura, Yo. Ohno, K. Shiraishi, K. Shoji, K. Yoshihara, H. Kumano,

Y. Takadal, Yu. Ohno, Y. Tanaka

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

Introduction

Restorative implant materials and technique have continued to evolve and improve. Implant overdentures
with magnetic attachment are drawing attention due to their excellent retentive mechanism.

A keeper corresponding a magnetic assembly is secured to the implant to exert the function of an
attachment.

In the screw-retaining method, a keeper is mechanically secured to an implant using a retaining screw.
The benefit of this method is that a keeper can be removed by operators, and, therefore, suitable for the
maintenance. However, since a keeper is mechanically fixed using a screw, safety should be considered in
the long-term intraoral performance of this implant. There have been several reports on clinical problems
such as a fracture of an abutment screw. It is extremely important to understand mechanical influence of
keeper fixture methods on implants to investigate the optimal retaining method.

Objective

The purpose of the present study was to investigate mechanical influence of keeper retaining method with
screws using the three-dimensional finite element method.

Analysis methods

1. Analysis model

Figure 1 shows the keeper retaining methods of 2 types of keepers. The methods include “fixation
structure A” in which a fixture and an abutment are fixed with abutment screw and keeper unit, and
“fixation structure B” in which a fixture and an abutment are fixed with abutment screw, and a keeper is
separately fixed with an abutment on top.

Finite element models of “fixation structure A” (Model A) and “fixation structure B” (Model B) were
constructed using a general purpose finite element pre-post processor (Patran 2010, MSC software).
These FEM models are shown in Fig. 2. The detailed size of each model is shown in Figures 3 and 4. The
screw structure followed the same standard, and the pitch of the screw was 2 mm.The element type
designation was three-dimensional tetrahedral primary element. A total nodal point and total element count
of Model A were 36,931 and 211,512, respectively, and those of Model B were 38,759 and 222,615,
respectively.

The cortical bone surrounding a fixture was constructed for the convenience of analysis.

Fixation Fixation
structure A structure B

Fig. 1. The keeper retaining methods of 2 types of keepers.
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Model A Model B

Fig. 2. Finite element models

Fig. 3. The detailed size (Model A) Fig. 4. The detailed size (Model B)

2. Analysis condition
An elastic stress analysis was performed using a general purpose finite element program (Marc 2010,
MSC software). A workstation DELL PRECISION T 7400 (DELL) was used throughout the study.
1) Boundary condition

A complete constraint was applied to the inferior
and lateral surfaces of the cortical bone in the X, Y,
and Z directions (Fig. 5).

Two loading conditions (LC 1 and 2) were
applied. A 800 N load was applied to the upper
surface of a keeper in the vertical direction of the
implant long axis in LC 1. A 800 N load was
applied to the upper surface of a keeper in the
45 °direction of the implant body long axis in LC
2.

A contact condition was applied between each
structure except for a fixture and the cortical bone.

Fig. 5. Fix condition
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2) Mechanical properties

Table 1 shows material constants used in
the present study. Soft magnetic stainless
steel SUSXM 27 was used as a keeper
material of a magnetic attachment, and the
abutment screw of Model B was made of
Ti-6AL-4V. Material constants of a
fixture and abutment were set according to
the previous references.

vol.21

( Young' s

No.2 2012

. ,
Poisson 5\

\Cortical bone

Modulus (\p,, ratio
Ti (JIS The 4thsort) 104,100 0.34
Ti-6Al1-4V 113,800 0.34
SUS XM27 200,000 0.30
11,760 0.25

J

Table. 1. Mechanical Properties

Analysis results

1. Stress distribution

Stress evaluation of LC1 and 2 was performed using Von-Mises stress. The evaluation was conducted for
the surface and longitudinal plane of an abutment screw.Stress evaluation of LC2 was performed using
principal stress. The evaluation was conducted for the surface of an abutment screw.

1)Von-Mises stress

Figure 6 shows the overview of LC1. Although there was no significant mechanical difference in an
abutment screw between Models A and B, a minor stress relaxation was observed in Model B.

Figure 7 shows the overview of LC2. A larger stress concentration in the neck and center parts of an
abutment screw was observed in Model A compared with Model B.

Surface
Model A Model B

Longitudinal plane

Model A Madell 2

4.00+004
3734001
5

& 547400
3204001
2.93+004
2674001
2.40+000
2134001
187+00(
1.60+00
1.33+00
1.07+400
8.00-001
533001

267-001
0

Fig. 6. Von-Mises stress (LC1)

11
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Surface Longitudinal plane
Model A Model B Model A Model B

Fig. 7. Von-Mises stress (LC2)

2)Principle stress

Figure 8 shows the minimum principle stress distribution chart. The higher compressive stress
concentration was observed in the corner and neck parts of an upper abutment screw in Model A
compared with Model B.

Figure 9 shows the maximum principle stress distribution chart. The higher tensile stress concentration
was observed in the neck part in Model A compared with Model B.

Model A Model B = Model A Model B e
-1.00+001] 1.00+001|
-0.33+00¢ 9.33+00¢
-BB7+00 BET+O0
-8.00+00¢ 8.00+00¢
7334008 7.33+004
-667+008 B67+001
-6.00400¢ 6.00+00¢
533400 5.33+004
467400 4 57+001
-4.00+00¢ 4.00+00¢
$:334001 3.33+00¢
267400 20T
20000 200
S—— 133+00
66700 Coipd]
o 0]
Fig. 8. The minimum principle stress Fig. 9. The maximum principle stress

2. Stress values (maximum and minimum principle stress)

Figure 10 shows the minimum and maximum principle stress values of LC2. The measurement point
excludes the point adjacent to the loading point. Minimum and maximum principle stress values were
higher in Model A compared with Model B.
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The minimum principle stress The mamimum prineiple stress
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Fig. 10. The minimum and maximum principle stress values

Discussion

1. Stress distribution

The main purpose of the present study was to investigate the mechanical influence of the difference in the
fixation method of a magnetic implant keeper on a load. The inner structures of two analysis models were
faithfully constructed according to the size shown in Fig. 2.

Compared to “fixation structure A” in which a fixture and an abutment are directly fixed with abutment
screw and keeper unit, “fixation structure B” is physical fixation of an abutment screw and a keeper using
screw structure. Therefore, an appropriate setting is necessary regarding the interfacial positional
relationship. An abutment screw and a keeper of “fixation structure B” were constructed on the model in
the contacted position without space to evaluate the influence of the difference in the two fixation methods
of'a magnetic implant keeper on a load.

It is considered that the analysis model constructed in the present study can accurately evaluate the
difference in keeper fixation structure.

2. Analysis condition

Boundary condition significantly affects the analysis results. The appropriate boundary condition for the
present study was carefully investigated. The cortical bone was constructed around the implant body, and a
complete constraint was applied around the cortical bone.

The functional force applied to the implant overdenture includes component force in different directions.
Therefore, a load was applied perpendicular and 45°to the keeper adsorption face to efficiently transfer
stress to an abutment screw. A load larger than estimated occlusal force was applied.

A contact element that can reproduce the contact condition between objects was applied on the interface
of fixture, abutment, abutment screw and keeper.

We focused on the difference in materials of soft magnetic stainless steel (SUSXM27) used as a keeper
material of magnetic attachment and titanium material (Ti-6AL-4V) used as an abutment screw material to
set mechanical property value of each analysis model component. Experimental data of these materials are
shown in Table 2. The mechanical influence between materials needs to be considered when these materials
are used for the implant inner structure. SUSXM27 was used for a keeper and abutment screw unit in
Model A, whereas SUSXM27 was used for a keeper, and Ti-6AL-4V was used for an abutment screw in
Model B.

3. Analysis result

Figure 6-10 shows obtained results. A significant difference was observed in stress distribution of two
keeper fixation structures during a load application in 45°compared with a load application in the vertical
direction. A load was applied in the long axis direction of the implant body during a load application in the
vertical direction. Since a substantial load was placed on the inner abutment, there was little influence of
the difference in fixation structures and materials on abutment screws for each model. In contrast, a tilted
load was applied in the long axis direction of the implant body during a load application in 45°direction. A
substantial load was placed on the mutual inner screw structure of an abutment and a fixture, and bending
stress was placed against an abutment screw located in the center. Therefore, there was a significant
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influence of the difference in fixation structures and materials on abutment screws for each model.

For stress evaluation during a load application in 45°direction, Stress evaluation of was performed using
principle stress that evaluates compressive and tensile stress, and Von-Mises stress that indicates various
stress as scalar. A significant influence of the

difference in fixation structures and materials was 4 r N\
observed between Model A and Model B regarding Yield stress Growth
the principle stress evaluation (Fig. 8 — 10). (MPa) )
Regarding abutment screw materials (Tables 1 and 2),

SUSXM27 has lower yield stress compared with Ti (JIS The 4th sort ) 485 15
Ti-6Al-4V, and principle stress has a significant

influence during fracture and deformation of objects. Ti-6Al-4V 755 10
These results suggest that Model B has a higher

safety against fracture and deformation compared SUS XM27 245 20
with Model B considering the repetitive stress \_ )

application in the mouth.
Table. 2. Experimental data

Conclusions

The mechanical evaluation was performed regarding the keeper fixation using the screw retaining method.
Mechanical evaluation was conducted using three-dimensional finite element method, and the following
conclusions were drawn.

1. A significant stress relaxation was observed regarding compression and tensile stress during load
application in 45°direction by separating an abutment and keeper.

2. For abutment screw materials, a higher mechanical safety was suggested in Ti-6A1-4V compared with
soft magnetic stainless steel (SUSXM27).
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Introduction

When the keeper coping is applied to the abutment tooth for an overdenture, the shape of the axial surface
of the keeper coping may affect the stress distribution to the abutment tooth and the circumferential tissue.
The aim of this study was to evaluate the influence of the axial surface shape of the keeper coping on the
circumferential tissue and to analyze the biomechanical behavior of the cortical bone under the denture
base during three different loading conditions using a three-dimensional finite element method.

Materials and Methods

A complete overdenture model with a keeper coping delivered on the mandibular right canine was
evaluated. The outline of the abutment tooth and mandible were modeled on the basis of three-dimentions
data from a multi-detector CT (Asteion Super 4 Edition, Toshiba, Japan). The periodontal ligament, cortical
bone, cancellous bone, and alveolar mucosa shapes were modeled with reference to anatomical
measurements. The analysis models constructed were tooth, cortical bone, cancellous bone, denture base,
keeper coping, periodontal ligament, and alveolar mucosa. For this study, Rhinoceros (Version 1.0, Robert
McNeil & Associates, U.S.A) and ANSYS (Version 12.1, Ansys, Inc., U.S.A.) were used. Table 1 shows the
Young’s modulus and Poisson’s ratio.

Material x mm:_g's mfndulus Poisson’s ratio
MPa)

Dentin 117211 0.30
Cortical bone 10414.7 0.30
Cancellous bone 883 0.30
Denture base 1960 0.30
Au-Ag-Pd alloy 110800 0.30
Pm"é‘;’f‘;ﬂg‘;ﬁ?ﬂm‘ 0.049 0.49
Pm ﬁm 0.7 0.4%
Alveolar mucosa 0.045 0.49

Table 1: Material properties
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Figure 1 shows the design of keeper coping and analysis models. The height of the keeper coping was
2.5mm from the lingual alveolar crest. The abutment tooth was set to incline 15 degrees for the occlusal
plane, and the top surface of the keeper coping was set perpendicularly to the tooth axis.

In Model A, the inclination angle on the axial surface is 0 degree.
In Model B, the inclination angle on the axial surface is 30 degrees.

In Model C, the form of axial surface was curved.

Inclination angl Inclination angle The form of the axal
om axial surface ) ] Surface is cury

v
Model A Model B Model C

Fig.1: The design of keeper coping and analysis model

Three different loading simulations (clenching in bilateral occlusion, left lateral occlusion, and right lateral
occlusion) were set up with the vector of masficatory muscles.

Table 2 shows the loading conditions.

Node Left Lateral Right Lateral
mumber Bilatel_z] Occlusion Oeclusion
sion
R L R L
Superficial Masseter 14 1904 1142 1371 1371 1142
Deep Masseter 3 216 490 88 388 400
Medial Pteryzoid 11 1328 1049 1468 1468 1049
Anterior Temporalis 9 1548 916 1153 1153 916
Middle Temporalis 12 918 641 63.1 631 641
Postenor Temporalis 9 726 295 446 4456 2035
Inferior Lateral 3 181 0 0 0 0
Pterygoid
Superior Lateral 3 169 0 0 0 0
Pterygoid
Antenor Digastric 1 12 0 1] 0 1]

Table 2: Loading conditions
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The paths of each mandibular condyle were constrained. Guidance by the articular eminence was simulated
with a planar constraint. It permitted rotations and translations in the specified plane. The constraining
plane was angled 30 degrees forward and downward relative to the occlusal plane, and it was canted 5
degrees medially. The inclination angle of the buccal cusp of artificial teeth was set 30 degrees, and the
lingual cusp of the artificial tooth was 20 degrees. The balanced occlusion was simulated by 10 occlusal

stops on a complete overdenture (Fig.2).

Buccal cusp angle is 307
and Lingual is 20"

30" forward and downward 307, 20"
relative to the horizontal '
dental occlusal plane . .
4 ‘
v v

# Oecclusal Points
/% Canted 5 mediallvg

r _
Boundary Condition on Boundary Condition
Mandibular Condyle on Occlusal Stops

Fig.2: Constraint conditions
Results

Figures 3-5 show the stress distribution of the abutment tooth clenching in bilateral occlusion, left lateral
occlusion, and right lateral occlusion. There were no differences in the stress distribution of the abutment
tooth among three kinds of analysis models under three different loading conditions. The stress
concentration was detected on the labial and lingual side of the abutment tooth and the center of the
mandible. Figures 6-8 show the stress distribution graph of the top surface of cortical bone clenching under
three different loading conditions. The 13 analysis points were set on the top surface of cortical bone
(analysis points: a-m). There were no significant differences with all models in bilateral and right lateral
occlusion. A difference in the stress distribution around the abutment tooth in the left lateral occlusion is
shown. The stress concentration around the abutment tooth (mesial side and distal side) was decreased in
model C.
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Fig.8: Right lateral occlusion

Stress distribution graph of the top surface of cortical bone

Discussion

In model A during left lateral occlusion, the lowest stress concentration was found around the abutment
tooth. It could be thought that the axial surface of keeper coping curved was available to reduce the force
loading on the abutment tooth.

Conclusions
Within the limitations of this study- it was thought the curved form of the axial surface reduced the
biomechanical risks of the circumferential tissue around the abutment tooth in an overdenture.
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Introduction

It is ideal for placing finishing line of crown restoration prosthesis at enamel, however root cap placed
finishing line at cementum surface. There are few studies on the cementum margins of prostheses. In this
study, we investigate the cementum coping margin and scaling and root planning (SRP) of the cementum
surfaces of extracted teeth.

Materials and Methods

1. Use of hand and ultrasonic scalars for SRP of extracted teeth

After extracted teeth, the subject of this observation is no cervical cavity in a upper caspid which fixed
with 10% formalin. It is set in the gypsum which the periapical side is being under 5 mm from the labial
cement-enamel-junction (CEJ) on the edge and cut off crown using the diamond disk. For extraction, root
preparation was completed with a diamond point (Sho-fu, Tokyo, Japan) in Test 1 and an SRP and a hand
scaler (Gracy-curet 5.6, Hu-Friedy) or an ultrasonic scaler (A-chip, Yoshida, Tokyo, Japan) in Test 2. For
these samples, after decalcification with 5% formic acid, the procedure was carried out with paraftin
embedding, which required hematoxyline-eosin (H.E.) staining, as can be observed microscopically (Fig.1).

Fixed with 10 % formalin
v
Extracted teeth in the gypsum

Case1

Preparation of
root

Decalcified with 5 %
formic a?d

Sample

v
Observed through
the microscope

Fig.1

2. A laser microscope was used to observe the extracted teeth with the coping

margin

Ten extracted teeth with the coping margin were observed with a laser microscope (VHX-1000,

KEYENCE, Tokyo, Japan) (Fig.2).
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Fig.2 Microscope

Results

1. As the result of this study, for the observation of after preparation of root surface. The cementum is
less susceptible to chipping when a diamond point is used (Fig.3).
Without a diamond point, cracking and exfoliation of the cementum occur on the root surface

(Fig.4).

(a) 106RD x10 (b) 106RD

(a) SF106RD %10 (d) SF106RD

Fig.3
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Showing the Figure3 by using 106RD or SF106RD and preparation of root. Forming surface shows
the serrate, and the marginal types was chamfer. The coping margin place on cementum. Chipping and

cracking were not observed on the cementum. It was smooth surface formation of SFI06RD from 106RD
better.

(a) Ultrasonic scaler (b) Hand scaler
Fig.4

SRP using a hand scaler is found most cementum had been removed from SRP using an ultrasonic
scaler.Margin was seen in 8 of 10 non-conforming to these samples.

2. Observations were conducted at magnification of 100 around the coping margin (Fig.5).

LY Z 220:X100 L 720:X100 e

20000, |

Fig.5

Discussion and Conclusions

The results of this study indicate that preparation of the cementum of the root surface with a diamond
point has little influence on the root surfaces. However, chipping and cracking of the cementum were
observed following the use of an ultrasonic scaler. This crack is because the abundance of sharp fiber in
cervical tooth cementum, prom to cracking along this fiber. Base upon the results of this study, the coping
margin place on cementum, it may be caused by non-conforming margin by SRP.

The results of this study indicate that the preparation of cementum of root surfaces with a diamond
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point has little influence on the root surface. Many of the extracted teeth with the margin of the coping,
There are steps between the coping and the root surface, non-conforming margin was observed.
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Introduction

It has been reported that retentive force with a magnet declines as the surface condition of the keeper
of a magnetic attachment becomes rough. As a major factor for be a roughness, it was thought that denture
attached and removed, abrasion and brushing. However, it is no report of the surface condition and changes
in retentive force of the used keepers in clinical. The keeper were fitted in the oral cavity have being
possibilities to make waviness and decline.

Therefore, that is intended to explore the polishing methods for restore of retentive force in clinical.

Materials and Methods

1. Analysis of the surface condition of used Keepers
The surface condition of the five keepers (GIGAUSS D600, C600, GC, Tokyo, Japan) (D600, n=4)
(C600, n=1) used in the oral cavity was analyzed the surface condition. Five untreated keepers were used as
a control. The surface condition was measured with a laser microscope (KEYENCE CORPORATION,
Osaka, Japan), and the surface roughness (Ra) and weviness (Wz) were calculated. The cut off value for the
Ra set at Ac0.8 mm, the cut off value for the Wz was set up at Af8§ mm and Ac0.8 mm followed. The rest is
too unclear to offer a suggestion. Please check and change or clarify as appropriate.)

2. Comparison of the surface quality and retentive force caused by polishing

At first, untreated keeper D600 was analyzed Ra and Wz. The retentive force of the D600 keeper and
D600 magnetic assembly was measured (EZ-Test, Shimadzu, Kyoto, Japan) using a crosshead speed of 5
mm/min in a universal testing machine. After that, the surface of keepers was roughened used Alumina
breasting on the assumption that used keepers Ra in the oral cavity, and the roughed keepers was calculated
retentive force after roughed keepers analyzed. Next, the surface of the roughened keeper was polished
with a silicone point or waterproof abrasive paper, and the retentive force was measured after analyzing the
respective surface condition. The untreated keeper was used as a control (Fig.1).
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Polishing by silicone point

3. Measurement of the retentive force after polishing the used keeper

The apparatus to polish in a parallel fashion to upper surface of the keeper was made. Using D600
and C600 keepers in the oral cavity were polished on the waterproof abrasive paper was place at the apical
end of the poling apparatus used by retentive force measurement. Untreated keepers were used as a
control (Fig.2).

4. Data were statistically analyzed

The keepers used in the oral cavity were statistically analyzed using the Mann-Whitney U test (a=.01),
and between-group polishing differences were analyzed with the Steel-Dwass test (a=.01).

Put waterproof abrasive paper on
the instrument and polish

retentive force measurement

Making apparatus

Fig.2

Results

The Ra of untreated keepers was 0.31 pm on average, and that of used keepers was 1.01 um on
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average. In analogy with Ra, Wz of used keepers showed significantly high value as compared to that of
untreated keepers. Next, the used keepers exhibited various Wz curves, and the degree varied. However, the
curves declined in the marginal part near the mesodistal, lingual, or buccal side (Fig.3).

In the case of the comparison of Ra, the untreated Ra was 0.31 um on averaged and that of the used
waterproof abrasive paper was on averaged 0.42 pum on averaged. There was no significant difference
between them. In the case of Wz, the Wz of used sandblast keepers averaged 4.97 um, and that of used
silicone point averaged 3.46 pum. There was no significant difference between them. Regarding the
retentive force, the retentive force of untreated keepers averaged 4.93 N, while that of waterproof abrasive
paper averaged 4.82 N. As is evident in the comparison in Ra and Wz, there was no significant difference
between them.

We compared the polishing with waterproof abrasive paper to that with silicone point, and both Ra
and retentive force exhibited restore as seen in the untreated keepers. (Fig.4)

As compared to untreated Wz curve, waterproof abrasive paper, sandblast and silicone point showed
significant difference. (Fig.5)

By Comparison, before and after polished the keepers of the retentive force that untreated, used and
polished D600 were 4.93 N, 4.47 N and 4.63 N respectively.

In addition, the retentive force of untreated, used, and polished C600 averaged 5.47, 4.63, and 4.7 N,
respectively.

Both retentive force of polished D600 and C600 shows restore. (Fig.6)

Used keepers waviness curve

Fig.3
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Fig.4

Untreat epets

Waterproof abrasive
paper
Sandblast

Silicon point

Weviness curve before and after polishing

Fig.5
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Untreated
keepers

Companson of retentive force before and after pohshing usedkeepers

Fig.6

Conclusions

The surface of keepers used in the oral cavity exhibited Ra and Wz. The findings suggested that the
retentive force decreases with the increasing degree of Ra and Wz. In addition, polishing with waterproof
abrasive paper was more effective for restoring Ra, Wz, and retentive force than was polishing with a
silicone point.

This result indicates that the use of waterproof abrasive paper was more effective for polishing keepers
with decreased retentive force and roughened surface in the oral cavity.
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Introduction

Magnetic attachments were originally developed to apply for non-vital teeth. Plastic patterns for
extracoronal attachments were developed to expand clinical applications including vital teeth. In clinical
setting, a load is indirectly transmitted to the inferior part of extracoronal magnetic attachments through
housings with groove joints. Therefore, a load is applied not only to the neck of extracoronal magnetic
attachments, but also to grooves and housing joints. Although Shoji from the Department of Removable
Prosthodontics, School of Dentistry, Aichi-Gakuin University, reported the results of strength test of
extracoronal attachments with housings in 20" Japanese Society of Magnetic Applications in Dentistry,
there is no theoretical validation. Our department has performed the elastic stress analysis of extracoronal
magnetic attachments. However, the mechanism of plastic deformation remains to be elucidated.

Objective

The purpose of the present study was to investigate the mechanical strength of extracoronal magnetic
attachments using a three-dimensional finite element method to compare the results with the actual
measurement data. The housing with joints was attached to extracoronal magnetic attachments.

Materials and Methods

Preliminary experiment to verify elastoplastic analysis and main experiment to verify extracoronal
magnetic attachment were performed. Analysis models were fabricated for each experiment, and boundary
condition and material constant were determined. The procedure is shown below. Patran was used for
model fabrication and result display, and a general purpose nonlinear structure analysis solver program
(Marc 2008, MSC software) was used for the analysis.

1. Analysis model

1) Preliminary experiment

The simple cubic model with a cross-section area of 1.73 x 1.73 mm and 6.11 mm on a side was
constructed for the preliminary experiment using Patran. The design and analysis model are shown
in Fig. 1.
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1.73

(mm)

Fig. 1. Preliminary experiment model

2) Main experiment

The 12-mm-high and 9-mm-wide foundation replaced by a natural tooth and an extracoronal
magnetic attachment produced from CAD data of the GIGAUSS EC keeper tray were fabricated as
a unit, and 2.0-mm-high and 8.6-mm-wide housing was attached on the top. After constructing the
foundation and extracoronal magnetic model as a unit, a keeper was cemented, followed by
housing placement. Figure 2 shows the design and analysis model.

(mm)

Fig .2. Main experiment model
2. Boundary condition
A complete constraint was applied to the left surface in the X, Y, and Z directions for both
preliminary and main experiments as is shown in the figure. For loading condition, a column with
1 mm in diameter was placed on the center of an extracoronal magnetic attachment at

0.5 mm / mm for 15 seconds to apply a load more than 1000 N (Fig. 3)
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Fig .3. Boundary condition

Material constant

The Young’s modulus and Poisson’s ratio were introduced to SUSXM 27, a material of a keeper and a
magnet, and cementum. The analysis model of a preliminary experiment, the foundation of the main
experiment, and 12W1t% Au-Ag-Pt alloy, a material of an extracoronal magnetic attachment were
determined by the stress-strain curve (Fig. 4). Since the material constant of 12Wt% Au-Ag-Pt alloy is
unknown in the actual measurement data, hardening and softening heat treatment stress-strain curves
were introduced to reproduce elasto-plasticity.

Elastic deformation after each heat treatment was calculated from the linear part of the graph, and
Young’s modulus 12,987 was introduced. An arbitrary figure in the graph was introduced after plastic
deformation for reproduction (Fig. 5).

Young’s modulus  Poisson’s ratio

(MPa)

12W1t% Au-Ag-Pt alloy determined by the stress-strain curve

SUSXM27 196,000 0.30

cementum 8,820 0.30

Fig .4. Material Properties
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Fig .5. Hardening and softening heat treatment stress-strain curves
(12Wt% Au-Ag-Pt alloy)

Results

Preliminary experiment

Verification of elasto-plastic analysis was performed by actual measurement and load displacement
curve. The figure shows a load displacement curve. The X axis stands for the z axis displacement of
the preliminary experiment analysis model, and the Y axis stands for the stress value applied on the
test sample of the preliminary experiment. Values in the load displacement curve after hardening and
softening heat treatment of the metal were approximated the actual measurements (Fig. 6).

Hardening heat treatment Softening heat treatment
) Analysi t o
nalysis measuremen
2 78 2 79 Analysis measurement
o 60 Actual measurement =X 60
2 s0 2 =0 Actual measurement
2 40 2 40
o o
3 30 3 30
S 20 S 20
~ lad
(N) 10 (N) 10
] o]
0O 005 010 015020 025 0 005 010 015020 025
Z axis displacement (mm) Z axis displacement (mm)

Fig .6. Actual measurement and load displacement curve
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2. Main experiment

1)  Stress distribution

Stress distribution was evaluated using von Mises stress. Stress concentration was observed in the
upper margin of the extracoronal attachment groove. The result confirmed that stress is transmitted to
the upper and lower margins of foundation (Fig. 7).

Fig .7. Stress distribution

2) Load displacement curve

The horizontal axis of the load displacement curve shows z axis displacement of an extracoronal
magnetic attachment, and the vertical axis shows a load in the measurement point shown in the slide.
The result confirmed that plastic deformation occurs over 733 N in the hardening heat treatment and
over 390 N in the softening heat treatment (Fig. 8).

N
( )1400

1200 // Harding heat treatment
S
g 1000 Softening heat treatment
gz’ 800 Actual measurement
:3; 600

400

200

Measurement point
0 i
0 0.2 .4 0.6 0.8 1.0 1.2

(mm)

Z axis displacement

Fig .8. Load displacement curve
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Discussions

. Analysis model

The finite element model used in the main experiment was fabricated by constructing extracoronal
attachment model based on the practically-used and normalized CAD data, and a housing and
foundation were fabricated to fit the model. Since the size of the model is accurately reproduced,
problems are unlikely to happen.

The model was fabricated using tetrahedral element. Although the calculation accuracy of the
tetrahedral element is considered to be not as good as hexahedral element, the fabricated model in the
present study was segmentalized so that the element figure is approximated as hexahedral element.
Therefore, inaccurate stress concentration and reaction force due to insufficient element could be
avoided.

. Boundary conditions

The same boundary conditions as the strength test of the 20™ Conference of Japanese Society of
Magnetic Applications in Dentistry were used in the present study. A load up to 1000 N was applied at
0.1 mm / sec. The results approximated the actual measurement were obtained by specifically setting
the speed and acceleration. However, there was a difference in the metering rod between actual
measurement and the analysis. This is considered to be due to the fact that the tip of the metering rod
is round in the actual measurement and flat in the analysis. Further discussion is necessary to
understand the influence of this difference.

. Elasto-plastic analysis

Although elasto-plastic analysis is barely used in dentistry, it is widely introduced in the industrial
field and gains credibility. In the present study, a preliminary experiment was performed to reconfirm
the credibility.

. Metal treatment

Mechanical properties of the hardening and softening heat treatments were used for 12Wt%
Au-Ag-Pt alloy. Although cast strength was measured in the actual measurement, normalized
mechanical properties were applied in the present study. This is due to the fact that cast strength is not
consistent, and, therefore it was considered inappropriate to use for simulation.

. Analysis result

The graph obtained by the preliminary analysis approximated the actual measurement graph. The
result suggested that validity of the elasto-plastic analysis using three-dimensional finite element
method was confirmed. Since the main experiment introduced the same condition setting, the validity
of the main experiment was also considered satisfactory. Actual measurement and analysis values did
not completely agree. This was considered to be the influence of displacement in XY axis direction in
actual measurement.

In the present study, evaluation was performed using stress distribution and load displacement curve.

Stress distribution was evaluated using the von Mises stress. Although the von Mises stress cannot be
used for compression and tension evaluations, it indicates stress concentration easily. The results
showed stress concentration in the upper margin of the extracoronal attachment groove, and stress
transmission to the upper and lower margins of foundation. The similar results were obtained in the
break test of actual measurement. A crown and an abutment tooth were assumed for the foundation,
and high stress concentration was expected in the margin line by receiving a stress in an extracoronal
magnetic attachment. The same condition setting as the preliminary experiment was applied in the
load displacement curve, and the results were compared and discussed with actual measurement of the
extracoronal magnetic attachment strength test by Shoji from the First Department of Prosthodontics,
School of Dentistry, Aichi-Gakuin University. The actual measurement was performed during casting.
The actual elastic limit was 512 N. This value was in between softening and hardening heat treatment
values. The same results were reported by Hideo Nakamura, and therefore, the validity of the present
analysis was confirmed. However, a load displacement curve of the softening and hardening heat
treatment had multiple curves instead of two. This is considered to be due to the element influence
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after segmentation. It is necessary to raise the precision by using hexahedral element with multiple
nodal points and increasing contact points.

Conclusions

The results of the elasto-plastic analysis confirmed that an extracoronal magnetic attachment has wide
elastic area as actual measurements. Analytical values demonstrated that deformation does not occur until
733 N in the hardening heat treatment, and 390 N in the softening heat treatment.
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Introduction

In clinical practice, a root cap with a ready-made stainless steel keeper is placed to a non-vital tooth, and a
magnetic assembly is embedded in the denture base. The size of a magnetic attachment has become smaller
along with a reduction of the magnet size in recent years. However, there is often a case when a
commercially available magnetic attachment cannot be placed due to the limited space, inclined dental root,
and the influence of adjacent teeth. A magnetic alloy root-cap was developed to be replaced by a
conventional root-cap with a keeper. This root-cap was fabricated using a castable magnetic alloy, and,
therefore, attachable to the magnetic assembly. The development of the root-cap expanded the application
of magnetic attachments in the limited space compared with a conventional root-cap with a keeper. Hearth
formed by casting using a lost-wax method is essential to prevent casting defects.

A mixture of hearth and virgin metal is used for casting in clinical practice. It is necessary to evaluate an
influence of casting using hearth of dental magnetic alloy on the attachment force between a keeper and a
magnetic assembly.

Objective

The present study examined attractive force of a keeper and magnetic assembly fabricated using a hearth
of dental magnetic alloy, and analyzed the constituent elements for verification.

Materials and Methods

1. Materials

Castable magnetic alloy Attract P (TOKURIKI-HONTEN Co.) was used. Attract P is the only
commercially available dental cast magnetic alloy. Figure 1 and Table 1 show an ingot image and
properties of Attract P. The main component of the alloy is Ag-Co-Pd. It also includes Au, Zn, and In.

Table 1 Composition and Properties of Attract P

Color : silver

Melting point : 1148-1192°C
Castable temperture : 1300°C
Specific gravity : 10.5kg/cm3
Strength : 197HV

Yeild Strength : 300MPa
Elongation : 13.5%

Fig. 1 Ingot of [Attract P/ (TOKURIKI HONTEN)
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2. Experimental method

21 Sample fabrication method

Two metals were used for sample fabrication, Attract P ingot and hearth formed by casting the sample
using Attract P ingot. The investment material and oxidized layers on the hearth surface was removed using
a carborundum point, followed by sandblasting to reuse for casting.

Five different samples including a mixture of Attract P ingot and hearth at ratio of 1 : 3 (0), 1 : 1 (25),
and 3 : 1 (50), ingot alone (75), and hearth alone (100) were prepared. The number of each sample was 5
(Fig. 2). Figures 3 and 4 show completed samples and their size.

Cntent of pre-cast
ingot by percentage 0% 25% | 50% | 75% | 100%

Total | Viginmetal | 10 | 75 | 5 | 25 | 0

weight Pre-cast
ight (@) it 0 25 | 5 75 | 10

Attract P Ingot

Attract P
Pre-cast Ingot

Fig. 2 Ratio between ingot and pre-cast ingot used for preparation of specimens.

3.3mm

I 0.7mm
|
|

3.7mm

Fig. 4 Size of specimen

Fig. 3 Specimen used in this study..

2.2 Attractive force measurement

Magnetic assembly GIGAUSS C600 was used, and attractive force between the samples and magnetic
assembly was measured using a compact table-top universal tester machine EZ test (SHIMAZU) 10 times
for each sample at 5 mm / min crosshead speed. A custom-made jog devised by Tanaka et al. (1)(2) was
attached to EZ test (Fig. 5).Samples were fixed to the mold using instant adhesive so that magnetic
assembly and keeper adsorption face are tightly adhered.
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Fig. 5 Universal testing machine Ez-test (SHIMADZU) and special JIG

2.3 Constituent element analysis method

Constituent element analysis was performed using an electron probe micro analyzer JXA-8340F (JEOL).
Constituent elements were identified by point analysis, followed by the surface analysis of 2 x 3 mm area
using a probe with 9 um diameter. In addition to observation of the adsorption face of each sample,
arbitrary face of the ingot surface was observed as a control.

2.4 Statistical analysis

Attractive force measurement and constituent element analysis were performed for each sample. Pearson’s
product-moment correlation analysis was performed for each result to investigate factors affecting the
change of attractive force.

Results

Attractive force decreased with an increase of hearth content. Constituent element analysis revealed that
Co content in samples decreased and segregation of samples is more likely to happen with an increase of
hearth content. Regarding Co content in samples, Co w% on the observation surface in sample was
employed as an approximate value of Co content in samples. Since the segregation phase is rich in Ag, the
area with more than 45% Ag content in the Ag mapping image was regarded as the segregation phase.
Segregation phase area ratio on the adsorption face in samples was calculated based on Ag content.
Statistical analysis result revealed a moderate correlation between attractive force and Co content, attractive
force and area ratio of the segregation phase on adsorption face (segregation phase ratio), hearth and Co
contents, and attractive force and Co at 1% significance level. There was a minor correlation between
hearth content and segregation phase ratio (Fig. 6, 7, 8, 9 and 10). Constituent element analysis of an ingot
confirmed the area with multiple segregations (Fig. 11). Point analysis of the segregation phase showed that
the main component of the segregation phase was Ag-Pd, whereas that of base alloy was Co-Pd (Fig. 12).

Attractive Attractive
Force (gf) P<0.01 Force (gf) P<0.01
290 290
280 < 280
* *
270 - . 270 -y
260 * . . 3 hd 260 * '0 *
é 0 . 3
250 4 <3 . . 250 . Py +
* - *
240 . L 240 * .
. *
230 230
220 220
210
210 T R=-0.57
200 . 20 0 5 10 15
28 30 31 32 33 34 35 Segregation Phase
Co (Wt%) Ratio (%)

Fig. 6 Graph of Attractive force - Co contents Fig. 7 Graph of Attractive force - hearth content
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Fig. 11 SEM of another point of one ingot.
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base alloy

mCo
WZn
mPd
mAg
B Au

Segregation phase

mCo
HZn
mPd
mAg
mAu

Fig. 12 Element profile of ingot from EPMA point scan.
Discussions

1. Hearth and Co contents
A moderate correlation between hearth and Co content is considered to be due to the lost Co contained in
the removed oxidized layer. Oxidized layers are formed not only on the surface of the hearth but also on the
contact surface with the investment material, and were observed on the surface of the cast. (Fig. 13)
It is recommended to perform the process from melting to casting in argon atmosphere to prevent
oxidization of the metal.

mCo
mo
wZn

Fig. 13 SEM and element profile of oxide layer on the specimens.
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2. Hearth content and segregation phase ratio
Segregation was observed on all the sample surfaces. The correlation between the size and amount of
segregation and hearth content was weak. It is considered that composition of Attract P easily forms
segregation regardless of the use of hearth.
Considering segregation phase was commonly observed in the ingot, the influence of biased segregation
caused by coagulation condition of a cast is higher than hearth content.

3. Attractive force and Co content

Co is a strong magnetic body, and is considered to be involved in magnetic property. Okamoto et al(3)
reported that Au-Co alloy shows magnetic property in 8 ? 82 wt%, and Pd-Co alloy shows magnetic
property in more than 5 wt%.

Considering there was a moderate correlation between Co content and attractive force, Co content is
considered to affect attractive force.

The Co amount of the adsorption face in samples was analyzed and evaluated in the present study. The
overall Co content may change if larger segregation exists in the deeper area. Melting samples and
measuring accurate Co content may confirm stronger correlation.

4. Attractive force and segregation phase ratio

The segregation phase was observed only on the adsorption face, and the size of segregation phase varied
from 10 p to 500 pm in diameter. Although the influence of segregation phase with a small diameter on
attractive force may be small since the master alloy is situated just below the segregation phase, that with a
large diameter may cause decrease in attractive force in a similar way as air gap.

A moderate correlation was observed between attractive phase and segregation phase ratio in the present
study. Although the size of segregation phase was not considered, the influence on attractive force may be
different between multiple segregation phases with a small diameter and a few segregation phases with a
large diameter despite of the same area ratio.

The size of segregation phase affecting attractive force needs to be investigated. It is also necessary to
confirm the relationship between segregation phase with a large diameter and attractive force.

Conclusions

Moderate correlation was observed between hearth and Co contents, attractive force and Co content, and
hearth content and attractive force. The results suggested that Co content decreased after recasting using a
hearth, resulting in a decrease in attractive force.

A hearth in the present study was formed after casting once from the virgin metal. However, a hearth is
repeatedly used in clinical practice, and it is concerned that composition of the alloy significantly changes.

The composition of the base alloy after casting using a repeatedly-used hearth needs to be confirmed.
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Working toward the international standardization
of dental magnetic attachments
- Commission report of the ISO Corresponding Committee in 2011 -

Y. Takada

Chief member of the ISO corresponding committee in JSMAD
Division of Dental Biomaterials, Tohoku University Graduate School of Dentistry

Introduction

The international standardization of dental
magnetic attachments has been continued for
over six years since “Development and
standardization of the dental magnetic
attachment" supported by the NEDO grant was
started in 2005. After NWIP (New Work Item
Proposal) was presented in ISO/ TC 106/ SC2
in 2007 (Berlin meeting), a Japanese draft
established by “The Magnetic attachment
standardization =~ committee  (The  ISO
corresponding committee in JSMAD)” was
approved as WD 13017 (Working draft) in
2008 (ISO/ TC 106 Goteborg meeting). WD
13017 was revised to DIS 13017 (Draft of
International Standard) in Jun, 2011 through
CD 13017 (Committee Draft) in ISO/ TC 106 Rio de Janeiro meeting in 2010.

Our activities in ISO/ TC 106 Phoenix meeting in 2011 are reported and you can know progress in ISO/
DIS 13017, here.

Working goal in 2011

The Magnetic attachment standardization committee set up the following targets.
1) In ISO/ TC 106 Phoenix meeting which will be held in September, 2011, we get acceptance of
revised DIS 13017 and that of its FDIS voting.
2) We improve jigs used for measuring retentive force in order to standardize measurement methods
and the jigs for the retentive force in detail before long.

Fig. 1 Members of the magnetic attachment standardization committee
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Activities

DIS 13017 came into existence by DIS voting for CD 13017 in Jun, 2011 without a dissenting vote.
(Fig.2).

Reference ISOMDIS 13017 Commitiee ISOTC 106/5C 2
Edifion number 1

P B Dentistry — Magnetic attachments

French title Medecine bucco-dentaire — Attaches dentaires magnefiques

Start date 2011-01-20 End date 2011-D6-20
Opened by ISOICS on  2011-01-20 00:-13:38 Closed by ISONCS on  2011-08-22 00-14:54
Status Closed

Voling stage Enquiry Version numbser 1

Mote

This DIS has become 150 VA Lead - parallel enguiry has been laanched with CMEC - 150 files
have been comected - IS0OCS 201 1-02-01

Vienna agreement 150 bead CEN ballot type CEM Engquiry Ballot
CEN reference pEN 150 13017 CEN committee CENTC 55

P-Members voting: 16 in favour out of 16 = 100 % (requirement >= 66.66%)

(P-Members having abeiained are not counfed in iz vofe.)

Member bodies voting: 0 negative votes out of 19 = 0 % (requirement == 25%)

Approved

Fig.2 The result of DIS voting in 201 Jun, 2011

The first meeting of the magnetic attachment standardization committee was held in July, 2011 in Tokyo,
and we set the working goal in 2011. In order to promote DIS 13017 to FDIS 13017, we discussed answers
to comments from P-member countries such as introduction, material compositions, hazardous elements,
and biocompatibility. After that, we revised the DIS 13017, and convener of WG 22, Dr. H. Mizutani who
was our committee member sent new revised DIS 13017 to experts of P-member countries.

After ISO/ TC 106 Phoenix meeting held in September, 2011, the second meeting of the committee was
held in Tokyo in November, 2011. The chairman of the committee reported the details of SC2/ WG 22
meeting. The convener of WG 22 also revealed that the revised DIS 13017 was approved and that FDIS
voting for the DIS 13017 was determined next year (in 2012) in plenary of TC 106.

We also discussed improvements of jigs used for measuring retentive force with respect to friction of a
liner motion bearing and addition of an X-Y stage for specimens.

ISO/TC 106 Phoenix meeting

Five members of the magnetic attachment standardization committee, Dr. H. Mizutani (convener), Dr. Y.
Takada (expert), Dr. Y. Nakamura (expert assistant), Dr. Kent T. Ochiai (convener assistant), and Dr. H.
Sasaki (obsever) attended the ISO/TC 106 Phoenix meeting. Reception banquet was given on 18"
September by host country (U.S.A.) in Pointe Hilton Tapatio Cliffs Resort. (Figs.3 and 4)
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L
Fig.3 Pointe Hilton Tapatio Cliffs Resort Fig.4 Reception banquet
The five members made an effort to success SC 2/ WG 22 meeting till all hours of the night. (Fig.5) SC

2/ WG 22 meeting was held on 19" September at the same place. (Fig.6) The revised DIS 13017 was
approved and FDIS voting for the DIS 13017 was determined next year (in 2012) in the meeting.

e

Fig.5 Small hours on previous day of the meeting Fig.6 SC 2/ WG 22 meeting

The short minutes of the meeting was partially shown in Fig.7.

There was discussion on the revised DIS 13017 “Dentistry — Magnetic
attachments”. Each of the comments that were received from the different
voting countries were reviewed and accepted or modified according to
the consensus of the group. The “Introduction” and “Scope™ of the
document were revised and accepted by the group.

It was resolved that the revised DIS be sent to the secretary of SC2 for
circulation as a FDIS. It was further resolved that a half day meeting be

held next year in subcommittee 2.

Fig.7 A part of the short minutes of the meeting

Improvement of the jig

The committee continuously develops a pilot model of the jig, which can measure the retentive force
with excellent accuracy and reproducibility because of the preparation for ISO/ TC 106 Paris meeting in
2012. (Fig.8)
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Fig.8 A pilot model of the Jig equipped with an X-Y stage and a new slide bearing

Future prospects

The members of the Magnetic Attachment Standardization Committee are looking forward to a voting
result of FDIS (Final Draft of International standard) in this year. If FDIS 13017 is carried in the voting,
ISO 13017 (ISO standard of “Dentistry-Magnetic attachments™) will come into the world in this year. In
preparation for ISO/ TC 106 Paris meeting in 2012, the members make a challenge to a new
standardization of measurement methods and the jig for the retentive force in magnetic attachments, now.
The members’ activity already allows obtaining the souped-up jig for measuring retentive force.

To readers,

We will do our utmost to live up to your expectations!
From all members of the Magnetic Attachment Standardization Committee
(The ISO corresponding committee in JSMAD)
PS.
Congratulations!

ISO 13017 was published on 15 July, 2012.
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swallowing sound using the pharynx microphone
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Introduction

The objective of this study is to develop a screening device for the swallowing difficulty (dysphagia)
using a magneto-impedance (MI) sensor. The video fluorography (VF) or video endoscopy is used to
diagnose dysphagia. In the other hand, RSST (repetitive saliva swallowing test)" is widely used as a simple
test in some facilities where they have no VF apparatus.

The authors have developed a device to automate the RSST using a MI sensor. Availability of proposed
method is examined in previous study”. As results of experiments, movement of a laryngeal prominence
could be measured using a small magnet and the MI sensor. In this study, we compared the movement by
the MI sensor with the other measurement method i.e. video image analysis and swallowing sound recorded
by pharynx microphone.

Method

The proposed device consists of a neodymium magnet, a MI sensor (Aichi Micro Intelligent, AMI302)
and a personal computer for data acquisition. The MI sensor is capable to measure three-dimensional
magnetic field. The magnet is attached on the laryngeal prominence, and the MI sensor is attached on
breastbone. Relative position between the magnet and the sensor changes in the subject's swallowing. The
magnetic field at the sensor reflects the swallowing movement.
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(a) Magnetic sensor module (b) Pharynx microphone
Fig.1. The device of measurement.

In RSST, the subject is instructed to swallow saliva as fast as possible in 30 seconds. If the subject can
swallow less than 3 times, he/she is suggested to need further investigation. In proposed system, basic
procedure is same as original RSST except 10 seconds preceding measurement to obtain offset of the
sensor output. The offset is subtracted from measured values. In addition, the swallowing sound and larynx
movment are captured by a video camera in order to evaluate whether three-dimensional MI sensor can
measure swallowing (Figure 2). The swallowing sound are obtained by the throat microphone(Fig.2). The
movment of larynx is obtained by use of A metal pin (d1mmx=30mm) is attached on the larynx by surgical
tape. The movement of the pin is tracked by a video camera. We also get the swallowing sound at the same
time by the throat microphone(Fig.2).

The change of sensor output AV(t) is described as

AV(E) = /(Valt) ~ Vae) 4 (Vo) — Vi) * 1+ (V(t) -~ Ver) ?

(M
where V,(t),V,(1),V(t) are sensor output of each axis and V., V,,, V,. are offset of them. V., V,,, V. are
average during offset period. They consist of geomagnetism and sensor offset.
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Figure 2. Placement of the measuring device
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(a) Output of the MI sensor (b) Change of the angle by the video images

(¢) Swallowing sound waveform for healthy adult(23 years old)
Fig. 3 The measurement result for healthy adult (23 years old)

Results

Fig. 3 and Fig. 4 shows result for healthy adult (23 years old, male).
It is possible to count the swallowing movements from each Fig. 3 (a), (b) and (c). Especially, Fig. 3 (a)
summarizes the variance of 3 magnetic sensors. It is convenient to count using threshold.

Fig.4 shows a result of another subject of healthy adult (24 years old, male). In this subject, waveforms

during the swallowing are blurred. It is difficult to apply the threshold to count the swallowing.
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(a) Output of the MI sensor (b) Change of the angle by the video images

(c) Swallowing sound waveform for healthy adult (24 years old)
Fig. 4 The measurement result of healthy adult (24 years old)

Difference between two subjects is whether it was able to detect swallowing movement. The results of
the first subject, the number of swallowing can be confirmed by each measurement method, but the second
results, the measurement result by the sensor can not counted the number of swallowing. However, Fig. 4
(b) and (c) is possible to count the number of swallowing.

Discussion

This result has an interesting interpretation. It could not be measured by the sensor, there is no rotational
motion of the magnet, we thought the possibility was moved up and down on the surface of the skin. Figure
5 shows in order to examine this possibility, which represents the locus of the magnet by the moving image.
The X-and Y-axis in Figure 5 is the axis of the moving image, when the subject was facing the front, the
X-axis was from front to back, the Y-axis was from top to bottom. The video taken from the left as viewed
from the subject. As an analysis of Figure 5, that there is no movement on the surface of the skin and do not
found rotational motion. Based on these results it is concluded that measured the movement of the
non-swallowing by sensor.

0 200 400 600 800 1000 1200 1400 1600
Number of images
Fig. 5 Locus of movement of the magnet on the surface of the skin
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Conclusion

An experimental device for automated RSST using a magnet and magnetic sensor is described. We
confirm that the proposed device can measure the movement of the laryngeal prominence. However, it is
difficult to count the number of swallowing for some subjects with uncertain movement of the magnet of
the larynx.
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Introduction

To maintain a harmonious craniofacial system, it is essential to establish an appropriate occlusal vertical
dimension (OVD). This case report describes our establishment of an appropriate OVD for a patient (Eichner
B3: mandibular molar missing) with a decreased OVD to restore the aesthetics and function by the use of
magnetic attachments.

Clinical History

The patient, a 59-year-old female, complained of aesthetic dissatisfaction and masticatory dysfunction. The
patient had a partially edentulous maxilla (Eichner B3: mandibular molar missing). All fixed prostheses were
failed restorations with a marginal discrepancy and damaged by caries. The patient refused to wear a
mandibular removable partial denture because of dissatisfaction with a visible metal clasp on the anterior teeth.
She was diagnosed with intraocclusion by analysis of OVD (Fig.1). Finally, we suggested that a mandibular
removable overlay denture with coping-type of magnetic attachments and a maxillary removable partial
denture with extracoronal-type of magnetic attachments and porcelain fused to metal crowns were fabricated,
which the patient found acceptable.

Fig.1 Intraoral view at the initial examination
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Treatment Procedure

At first, the prostheses with the marginal discrepancy were removed (Fig.2), and temporary restorations were
placed. The #3 and #12 teeth were extracted because of severe caries. After the preprosthetic treatment, the
OVD was increased by the use of the treatment denture, and the patient obtained an adequate occlusal
relationship (Fig.3).

Fig.2 Intraoral views of removing the Fig.3 Intraoral views of inserting
prosthesis with the marginal discrepancy temporary restorations and treatment
denture

As a definitive prostheses, a maxillary removable overlay denture with coping-type of magnetic attachments
and a horseshoe plate as the major connector was fabricated (Fig.4), and a mandibular removable partial
denture with an extracoronal-type of magnetic attachment was also fabricated (Fig.5). The magnetic
attachments in this case report were used by GIGAUSS C400" (GC, Japan). The keepers of the magnetic
attachment and magnetic assemblies were fixed with adhesive resin cement (Multilink® Automix, Ivoclar
Vivadent, Liechtenstein) (Figs.6 and 7). Fig. 8 is an intraoral view of the definitive prostheses.

Fig.4 Maxillary removable overlay denture Fig.5 Mandibular removable denture

ol
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Fig.6 Keeper of a magnetic attachments Fig.7 Extracoronal type of magnetic
attachments

Fig.8 Intraoral view with definitive prostheses

Conclusions

A magnetic attachment could be provided as a means for alleviating patient concerns regarding aesthetics and
functions. It is difficult to maintain an ideal combination of aesthetics and functionality because the design of a
final prosthesis is complex. Therefore, continuous follow-up is necessary with occlusal adjustment and relining
of the denture base to prevent any reduction of the OVD. In addition, periodontal management and force
control of the remaining dentition should be evaluated during the maintenance program.
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A case report of a free-end-saddle telescopic denture using a magnetic
attachment for maxilla molars

M. Sato', M. Hideshima?®, J. Wada', T. Ando', J. Wadachi', M. Tsurumi', Y. Tsubota', Y. Odaka', and Y.
Igarashi'

'Removable Partial Denture Prosthodontic, Graduate School,
*Clinic for Conservation of Oral and Maxillofacial Function, University Hospital,
Tokyo Medical and Dental University

Introduction

Partially edentulous patients do not favor wearing removable partial dentures (RPDs) due to their
reduced comfortable wear, aesthetics, and function. For the treatment of a unilateral distal extension defect
involving more than three molars (Kennedy Class 1), it is common to choose a bilateral design of RPDs in
consideration of the long-term preservation of the abutment teeth and residual ridge and of the movement
of RPDs. However, bilateral design still presents some problems related to patient discomfort. We report a
case in which patient satisfaction was improved from the viewpoints of comfortable wear, aesthetics, and
function using a unilateral RPD design by applying a Konus telescopic crown and a magnetic attachment.

Case Report

The patient was a 45-year-old male. His chief complaint was malfunction of the maxillary left molar
bridge. This bridge had been fabricated a few years earlier, and the patient had begun to feel uncomfortable
a few months before the start of this study. As the bridge moved, he was no longer able to masticate on the
left side.

Fig.1 Frontal view of remaining dentition at the initial visit

Fig.2 Panoramic radiograph at the initial visit
As shown in Fig.1, the veneering crown of the maxillary left lateral incisor (#22) was fractured. A
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panoramic radiograph showed a root fracture of the maxilla left second premolar (#25) and second molar
(#27), cervical caries of the first premolar (#24), and a poor canal treatment of the canine (#23). The
remaining teeth had been affected by mild periodontal disease as a whole.

Treatment Planning and Procedures

After removing the bridge of the left maxillary molars, the immediate resin plate denture (#24~#27) was
inserted at the same time as #25 and #27 were extracted (Figs. 3 & 4). The denture was arranged into a
bilateral design by setting wire clasps on #13, #16, and #23.

Fig.4 Occlusal view with immediate denture

A final denture was fabricated after root canal treatment of #23 and #24.

For more comfortable wear and better aesthetics, a Konus telescopic denture was selected as the final
denture (Figs. 5~7). The design was as follows:

#23, #24, and #25 were selected as the abutment teeth. The Konus telescopic crown was applied to #23
and #24.

The magnetic attachment was applied to #25 because of the poor condition of this tooth.

In this case, due to the reduced inter-maxillary space at the palate side of #24, the telescopic denture was
reinforced by applying metal teeth (Fig. 7).

After obtaining retentive force of the telescopic crown following delivery of the denture, the magnetic
assembly was embedded in the denture with auto-polymerizing resin. The patient was satisfied from the
viewpoints of comfortable wear, aesthetics, and function.
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Fig.6 Occlusal view with final denture

Fig.7 Final Konus telescopic denture with magnetic attachmen

Conclusions

The final denture was arranged into a unilateral design by using a magnetic attachment with a Konus
telescopic denture, and the patient was satistied with the results from the viewpoints of comfortable wear,
aesthetics, and function. In addition, somewhat suggestion was provided for the indication of the unilateral
denture by the combination of Konus telescope and magnetic attachment.
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Development of Cement-bonded Keeper Used with Carbon
Lead — Part 3: A Trial for a Ready-made Pattern

H. Matsubara', H. Mizutani, H. Hideshima®, T. Ando, K. Nakamura, H. Sasaki, and Y. Igarashi
Removable Partial Denture Prosthodontics, Graduate School, 'Dental Laboratory, Clinical Facilities

Dental Hospital, and *Clinic for Conservation of Oral and Maxillofacial Function, Dental Hospital,
Tokyo Medical and Dental University

Introduction

Ready-made plastic patterns are usually used to fabricate magnetic attachment keeper housings for
cementation. However, the outer diameters of the plastic patterns often limit the shape of the casting
patterns of the keeper components'. Some problems on castability of plastic patterns were also reported™”.
We presented a new method for fabricating a keeper component at the 18th and 19th annual meetings
of the Japanese Society of Magnetic Applications in Dentistry. In the first presentation®, we reported a new

method for fabricating keepers with trial graphite patterns made with rod-shaped graphite for writing
(Fig.1).

Fig.1 Trial graphite pattern made Fig.2 a carbon pattern fabricated

from carbon rod with the carb on material (#2191)
This method was shown to be useful because of the casting performance, which is attributed to the high
thermal stability and mechanical strength of the graphite material and its good compatibility with the
investing materials.
In the second presentation’, we reported on the pattern fabrication using carbon material (#2191)
widely used in the industrial field to develop ready-made carbon patterns (Fig.2). However, the thermal
stability of the material presented a problem. This time, we are going to present a new trial carbon pattern

with improved thermal stability for casting.

Objectives

The purpose of this study was to assess the efficacy of a newly developed carbon material for developing

ready-made carbon patterns for fabricating keeper housings.
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Materials and Methods
1. Materials
A newly developed carbon material (Aichi Steel Co., Japan) was used in this experiment. This material has
higher heat resistance property than the carbon material #2191 (Aichi Steel Co., Japan) used in the previous
study. Carbon patterns for fabricating keeper housings were made with this material.
A keeper without a holder (PHYSIO MAGNET; Aichi Steel Co., Japan) was used in this study.
Carbon patterns were fabricated in order to confirm the position of the carbon pattern in the investing

material.

2. Experiment 1

The six carbon parts of the casting patterns were fabricated with newly developed carbon material. They
were heated and stored under six heat conditions (450°C, 500°C, 550°C, 600°C, 650°C, 700°C, 30 minutes)
in the furnace, respectively. After heating and storing the diameters of carbon patterns were measured to
assess the thermostabilities of the pattern sizes (Fig 3). In addition, changes of their surface textures were

observed visually (Figs. 4 and 5).

-~

Fig.3 Measurement of the diameter Fig.4 State after heating Fig.5 State after heating
(650°C, 30 minutes) (450°C, 30 minutes) (650°C, 30 minutes)

3. Experiment 2

On the basis of Experiment 1, the casting patterns of keeper components in which the carbon parts were
incorporated were fabricated by the usual method under two conditions (stored 690°C furnace for 30
minutes, stored 700°C furnace for 20 minutes). After casting, the diameter of the keeper space was

measured and evaluated (Figs 6 and 7).

Fig.6 As-cast after heating and storing Fig.7 A keeper cemented to the root cap
(700°C, 20 minutes)
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Results and Discussion

There is little difference in the diameter of the keeper space among the samples derived from furnace
heating conditions of 450°C to 650°C, although the surface textures of the carbon patterns showed little
change.

It is concluded that the new carbon material showed great improvement in terms of thermal stability
for fabricating keeper components. However, considering the accuracy of casting or fitness, further

improvement of heat resistance of the materials will be needed.
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