Fig. 1 Intraoral view at the first visit

Figures 2 and 3 show a dental X-ray and the results of the periodontal disease examination. As for the
remaining teeth from the test results, the crown—root ratio was somewhat poor in the whole jaw; however,
there was no transmission image at the root apex, and there was no periodontal pocket of 4 mm or more.

Fig. 2 X-ray photographs Fig. 3 Periodontal disease examination at the first visit
at the first visit

There were three requests from patients: “I want to have a prosthetic dental treatment with less discomfort
in the oral cavity and consideration for aesthetics,” “Because of this trouble I’ve had, I want you to stop
the prosthetic intervention in the implant part,” and “I want you to move to the final prosthetic device
because the jaw position established in the current provisional restoration is very favorable.” Finally, we
suggested that removable partial dentures using magnetic attachments be fabricated, which the patient
found acceptable.

Treatment Procedure: Based on dental X-ray photographs and periodontal disease examination, the distal
root of the maxillary left middle incisor was fitted with a coping magnetic attachment (Fig. 4), in
consideration of its load-bearing capacity as an abutment tooth. We decided to fabricate an extracoronal
magnetic attachment using an EC Keeper Tray (GC, Japan) for the maxillary right first premolar and the
mandibular left canine (Figs. 5 and 6).
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Fig. 4 Coping type Fig. 5 Extracoronal magnetic attachment
of magnetic attachment

After fixing the coping magnetic attachment to the oral cavity, a pick-up impression was taken in the
oral cavity for making a working model, and wax dentures were fabricated on it (Figs. 6 and 7).

Fig. 6 Pick-up impression Fig. 7 Wax denture

As a result of treatment, a maxillary definitive prosthesis was fabricated with a non-palatal overdenture
using coping and extracoronal magnetic attachments. A mandibular definitive prosthesis was fabricated
with a partial denture with extracoronal magnetic attachment, and the implant abutments were coated
under the denture base (Figs. 8 and 9).

e :

Fig. 8 definitive prostheses
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Fig. 9 Intraoral view with definitive prostheses

Conclusion

A magnetic attachment could be provided as a means for alleviating patient concerns regarding
aesthetics and functions. As a result, OHIP-14, which is related to QOL, improved from 25 points to 6
points.
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Fig. 10 OHIP-14

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. In addition, periodontal management and force control of the remaining
dentition should be evaluated during the maintenance program.
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A case of edentulous maxillae with implant overdenture

T. Kanno, J. Ashizawa, W. Atsuta, M. Iwamoto, T. Mizuguchi, J. Tanaka
Clinical Implant Society of Japan

Introduction

Many patients complain of discomfort in the palate when wearing maxillary dentures, and in clinical
practice, many patients desire a palate-free denture. Palateless dentures have a wider tongue tuft,
stabilize the tongue position, secure the airway area, and are expected to improve swallowing,
pronunciation, taste, etc., and have long been considered as dentures that are comfortable to wear. This
time, we will report that we performed an edentulous maxillary implant overdenture (I0D) using the
MACS system and obtained good results.

Case report

The patient is a 69-year-old man. He came to our hospital complaining that his upper dentures
tended to come off easily, and that he had difficulty chewing and pronouncing. His upper jaw was
edentulous and he requested an IOD using an implant. Four implants were placed in the upper jaw,
and after a period of unloading, secondary surgery was performed, impressions and occlusal
recordings were taken, and palateless IOD was attached using the magnetic attachment of the MACS
system.

Figure 1. Intraoral views and removed dentures at the time of initial examination.

Figure 2. Panoramic radiographs at the time of initial examination



Figure 3. Intraoral view after fitting the keeper of a magunetic attachment and MACS system

Figure 5. Intraoral view with definitive prostheses

Figure 6. Panoramic radiographs at the postoperative visit
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Results

Problems with mastication and pronunciation could be improved by wearing a stable denture with
less discomfort using a palate IOD using a magnetic attachment.

Conclusions.

10D using the MACS system were suggested to be beneficial.
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A case rehabilitated using overdentures with magnetic attachments for a
partially edentulous patient with severe periodontal disease
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Abstract

The patient was a 71-year-old partially edentulous patient suffering from masticatory disturbance caused by
a reduction of occlusal contacts in posterior regions and hypermobility of remaining teeth with severe
periodontitis. Treatment dentures were delivered to maintain oral functions and initial periodontal therapy
was performed, followed by rehabilitation with maxillary overdenture and mandibular clasp-retained
removable partial denture placement as the definitive prosthodontic treatment. By application of magnetic
attachments incorporated in an overdenture, the disarranged occlusal plane was corrected and denture
stability was achieved. Based on the oral health impact profile (OHIP-14) assessment, the oral health-related
quality of life (OHRQoL) of the patient was improved with the prosthodontic treatment.

Introduction

There are several factors that make a prosthodontic treatment clinically difficult as follows: abnormal bone
resorption after tooth extraction with severe periodontitis; flabby tissue with combination syndrome V; and
difficulty in acquiring overdenture stability with severe displacements of remaining teeth. For the cases with
those factors, an application of magnetic attachment would help to stabilize overdenture while saving
remaining teeth and protecting residual ridge. In this case, magnetic attachments were incorporated into an
overdenture to reconstruct a partially edentulous dental arch with severe periodontal disease, and the patient’s

satisfaction was obtained.

Clinical history

The patient was a 71-year-old male without any systemic health problems who claimed difficulty in eating
due to a reduction of occlusal contacts in posterior regions. Over the past 20 years, posterior teeth had been
lost and the patient had undergone dental therapy. For several months, he had realized the remaining teeth
mobility. Figure 1 reveals the intraoral views and Figure 2 reveals a panoramic radiograph at the first visit
(8th July, 2020), while the periodontal assessment is shown in Figure 3. The remaining teeth were #11, #12,
#13, #16, #17, #22, #23, and #25 in maxillary and #31, #32, #33, #34, #41, #42, and #43 in mandibular
(Eichner classification B4 and Miyachi classification Area B). #25 revealed severe caries with losing the
tooth crown. Based on the Miller index of tooth mobility, a fixed bridge restoring #14 and #15 with abutment
teeth of #13, #16, and #17 showed a mobility of Grade I as well as #11, #12, #13, #22, #23, #25, #31, #32,
#33, #41, #42, and #43. Meanwhile, #44 revealed a mobility of Grade II. Additionally, the alveolar bone

resorption was severe, resulting in a diagnosis of severe periodontitis. Especially in #16 and #17, the
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attachment loss reached the root apex, while reaching at half or two-thirds of the root length in #22, #23, #25,
and #44. The occlusal plane was disarranged with the extruded remaining teeth (#11, #12, and #22). The
disease type classification of the Japan Prosthodontic Society was level I11?. Based on the lower facial height
and freeway space, the occlusal vertical dimension (OVD) was diagnosed to be clinically acceptable. The
overall diagnosis was masticatory disturbance caused by a reduction of occlusal contacts in posterior regions

and hypermobility of remaining teeth with severe periodontitis.

Fig.2 Panoramic radiograph at first visit
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Fig.3 Periodontal assessment at first visit

Treatment procedure

Within the remaining teeth, #16, #17, #22, #23, #25, and #44 were diagnosed to be hopeless and planned
to be extracted before the treatment denture delivery. Soon after the extractions of those teeth, periodontal
treatment was begun and the treatment dentures were placed (Fig.4). The abutment teeth of the maxillary
denture were #11 and #13, while those of the mandibular denture were #34 and #43. For each abutment tooth,
the retainer consisted of a wrought wire clasp assembly without any rest. The OVD with the treatment denture
placement was defined based on the original dimension.

Reassessment after initial periodontal therapy (July, 2021) revealed that the pocket probing depth of all
remaining teeth in the mandibular was less than 3mm, while deep pocket and increased mobility of Grade I
remained in the maxillary remaining teeth (#11, #12, and #13) (Fig.5). Based on the periodontal reassessment,
#11, #12, and #13 were judged to be too weakened to use as abutment teeth of clasp-retained removable
partial denture (RPD). Therefore, the definitive dentures are designed as follows: an overdenture
incorporating magnetic attachments in #11, #12, and #13 for the maxillary; and a clasp-retained RPD for the
mandibular.

To apply magnetic attachments, #11, #12, and #13 were endodontically treated and cut their crowns,
followed by modification of the maxillary treatment denture to be an overdenture type with additional
artificial teeth. After acquiring the denture stability, #13 was judged not to be accepted for a magnetic
attachment abutment tooth due to its severe attachment loss and shortened root length. Therefore, only #11
and #12 were converted to abutment teeth of magnetic attachments (MAGFIT M400, AICHI STEEL
CORPORATION, Aichi, Japan), whereas #13 was covered with a composite resin (ESTELITE UNIVERSAL
FLOW, Tokuyama Dental Corporation, Tokyo, Japan) and used just as a resin coping. The magnetic
attachments were fixed to #11 and #12 with an adhesive resin cement (Super-Bond, Sun Medical Co., Ltd.,

Shiga, Japan).
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Fig.4 Intraoral views with treatment denture placement
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Fig.5 Periodontal reassessment after initial periodontal therapy

The OVD for the definitive dentures was set to be the same as that with the treatment dentures placement,
while the occlusal position was set to coincide with the tapping point. After the maxillomandibular
relationship record, the first try-in of wax dentures was performed only with artificial teeth, followed by the
designing of internal and external finish lines as well as the outline of the frameworks. Then, the second try-
in of wax dentures with both artificial teeth and frameworks was performed to confirm the aesthetics, the
fitting of frameworks, and the validity of the maxillomandibular relationship. After the above-mentioned
procedures, the definitive dentures were finalized and delivered (Fig.6). Regarding the framework design of

the maxillary definitive denture, the metallic housing covering the occlusal and palatal surfaces of #11, #12,



and #13 was designed to strength the denture structure. Meanwhile, the buccal surfaces of those teeth were
covered with denture base resin materials to make it easy to put spillways for incorporating magnets into the
denture using the acrylic resin material (UNIFAST II, GC Corporation, Tokyo, Japan) (Fig.7A-C). A bilateral
balanced articulation was applied to help stabilize the dentures. After the confirmation of denture settling
(two weeks after denture delivery), the magnets coated by an adhesive resin cement (Super-Bond, Sun

Medical Co., Ltd., Shiga, Japan) were incorporated into the maxillary denture (Fig.7D).

Fig.6 Intraoral views with definitive denture placement
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Fig.7 Images of the housing structure in the maxillary definitive denture. A: overall image; B and C: the
magnified image of the inner and outer surfaces before magnet placement (arrows reveal spillways); and D:

the magnified image of the inner surface after magnet placement.

Outcome of treatment

Using the short version of the oral health impact profile (OHIP-14)%), the oral health-related quality of life
(OHRQoL) was assessed both before and after the prosthodontic treatment. The assessment before the
treatment revealed an OHIP-14 score of 33 including especially high scores in “physical pain”, “social
disability”, and “handicap”. On the other hand, the score after the treatment was 12 including especially low
scores (representing an improvement) in “handicap”, indicating that the prosthodontic treatment with the
magnetic attachments was successful based on the subjective assessment of the patient. To date, periodontal

and prosthodontic maintenance has been conducted every two months.

Discussion

In this case, the periodontal assessment at the first visit revealed a deep pocket depth and hypermobility in
each remaining tooth in the maxillary. Meanwhile, magnetic attachments were applied for #11 and #12
instead of tooth extraction because those teeth had strategic values to be maintained from the prosthodontic
viewpoint. Thanks to the magnetic attachments, preferred outcomes have been obtained to date. However,
the long-term prognosis of overdenture treatment would depend on several factors, such as the age of patients,
habits, occlusal force, and the condition of periodontal tissues of the remaining teeth. To achieve long-term

success, in addition to the patient's oral hygiene, clinical follow-up focusing on the occlusal position stability



and the artificial teeth wear is necessary to prevent excessive occlusal stress on the anterior region®.

Conclusion

In this case, a partially edentulous dental arch with severe periodontitis and hypermobility of remaining
teeth was rehabilitated using maxillary overdenture and mandibular clasp-retained RPD. By application of
magnetic attachments incorporated in an overdenture, the disarranged occlusal plane was corrected and
denture stability was achieved. Based on the OHIP-14 assessment, the OHRQoL of the patient was improved

with the prosthodontic treatment.
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A pilot study on the fitness of a titanium root coping fabricated by CAM
system—Application of a high-precision scanner
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Abstract

In this study, we report on the accuracy of matching titanium root copings fabricated using a high-
precision laboratory scanner.

The abutment tooth was a preformed epoxy artificial tooth (A50-359, NISSIN). The manufacturing
procedure involves scanning a work model using a laboratory scanner (E3, 3Shape), modeling it using
design software (Dental System, 3Shape), and then cutting it with a milling machine (GeoMill ARUM
5X, GeoMedi). Five specimens were tested, and the fitting accuracy of the titanium root coping was
evaluated using the cement replica method.

The measurement points are the labial margin at point a, the labial cervix at point b, the labial post at
point ¢, the tip of the post at point d, the lingual post at point e, the lingual cervix at point f, and the
lingual margin at point g. The average gaps were 46.4+17.8 um at point a, 59.6£13.6 pum at point b,
31.648.9 um at point ¢, 145.74£43.8 pum at point d, 46.4£11.2 um at point e, 92.7+14.3 um at point f, and
72.1£37.0 um at point g.

It was suggested that the titanium root coping manufactured using a high-precision laboratory scanner
could be applied clinically.

Introduction

Recent advances in dental CAD/CAM systems have been remarkable, and they are expected to simplify
the workflow and improve the fitness of prostheses. At the 32nd Annual Meeting, we examined the
accuracy of the fitness of zirconia root copings made by scanning with a technical scanner alone. In this
study, we examined the accuracy of the conformity of the root coping fabricated using a titanium disk as
a new material for digitalization.

Materials and Methods

The abutment was an epoxy artificial tooth (A50-359, NISSIN) with a post part 5 mm deep, as
recommended by JSMAD. As for the manufacturing procedure, after taking an impression according to
the standard method, a working model was made, it was scanned using a dental scanner for laboratory
use (E3, 3Shape), and it was then scanned using design software (Dental System, 3Shape). After
modeling, we cut out titanium disk(DentalBank) using a milling machine(GeoMill ARUM 5X,
GeoMedi) (Figs. 1 and 2). The cement space was the specified value of the software, and there were five
test samples (Fig. 3).



o7

Fig. 2 Scanned model and designed root coping

Fig. 3 Fabricated titanium root coping

The fitting accuracy was evaluated using the cement replica method, which quantifies the gap between
the model and the root coping based on the thickness of the silicone rubber coating (Fig. 4).

Fig. 4 Fabrication procedure of specimens (Cement-replica technique)
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In addition, the gap distance was measured by capturing a digital image of the cut surface of the
silicone rubber together with a scale used as a reference and measuring it on a PC. In addition, seven
measurement points were set as shown in Fig. 5.

Fig. 5 Measuring points
(a:labial margin b:labial cervical c:labial center of post d: tip of the post
e: lingual center of post f: lingual cervical g: lingual margin)

Results

The average gaps were 46.4+17.8 um at point a, 59.6+13.6 um at point b, 31.6+8.9 um at point c,
145.7+£43.8 um at point d, 46.4£11.2 pm at point e, 92.7+14.3 um at point f, and 72.1£37.0 pm at point g
(Fig. 6). Measurement points a, b, c, e, f, and g showed good compatibility as compared with the

allowable range of compatibility for CAD/CAM prostheses reported by Suto et al.,!” which is 100 x m.
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Fig. 6 Average gap volume
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Conclusion

This study suggested that the titanium root coping made by the technical scanner alone has a clinically
applicable conformance accuracy.

In the future, we will verify the conformance accuracy with a post length of 5 mm or more. We will also
consider whether it is possible to set the rotation prevention groove and the keeper housing part and
compare their compatibility with the zirconia root coping.
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I. Introduction

Dental magnetic attachments have been used as aesthetic and protective abutments for
removable partial dentures (RPDs)'. These attachments were approved for use by the Japan
National Insurance in September 2022, and their clinical usage may change. Therefore, we

investigated the use of the magnetic attachments between September 2022 and August 2023.

II. Objective

Clarity the use of magnetic attachments after the introduction of insurance.

III. Materials and Methods

Survey items:
1) Number of cases
2) Insurance/self-payment
3) Coping materials and installation methods
4) Denture morphology; overdenture or RPD, metal base or resin base
5) Occlusal support (Eichner classifications)
6) Reasons for choosing magnetic attachments
7) Patient’s evaluation of denture

8) Dentist’s evaluation of denture fabrication



61

V. Results

1) Number of cases
Seventy-one magnetic dentures were used in 67 patients.

The patients’ average age was 73.5 years, range, 17-98 years) (Fig.1).
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Figl. Applicable age for magnetic attachments

2) Insurance/self- payment
Forty for magnetic attachments were covered by public insurance, and 83 were fabricated by
self-payment (including five implants).

The average number of magnetic attachments used per denture was 1.79 (Fig.2)

1 2 3 6 7 8

Numberdof magnetic attachment

Fig2. Number of magnetic attachments for a denture

3) Materials and installation methods
Coing materials; gold alloy 37, Au-Ag-Pd alloy 90.

Housing for the installation of magnetic assembles; resin housing 68, metal housing 19, and not
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used 44
Keeper installation; direct bonding 86, welding 41

4) Denture morphology
Overdentures similar to complete dentures; 31, RPDs with clasps; 40

5) Eichner classifications
A2;1,A3; 1,B2; 6, B3; 12, B4; 25, C1; 12, C2; 14 (Fig 3).
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Fig 3. Eichner classification of the patients

6) Reasons for choosing magnetic attachments (multiple answers were available)

1.Poor crown-root ratio; 58
2.Esthetics; 28

3.Rebuild; 20

4 Insufficient occlusal support; 15
5.Cost; 11

6.Transition from conus crown 1

7.0Others; 7
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7) Patient evaluation of dentures
Good; 57, fair; 13, poor; 1

8) Evaluation of denture fabrication by dentists
Easy; 14, fair; 47, difficult; 9

IV. Discussion

1) Number of cases

In this study, 71 magnetic dentures were used. The age at application was mostly

>60 years, confirming that magnetic attachments are often used in elderly patients.
2) Insurance/self-payment

Even after the introduction of insurance, the number of cases covered by insurance
remained at approximately 50% of self-payment cases. However, since coping for self-
payment cases occurred before the introduction of insurance, the ratio of insured cases
may increase eventually.

The number of magnetic attachments used per denture was 1-3 (average; 1.92), with
a relatively small number being used.

3) Materials and installation methods

The Au-Ag-Pd alloy was used more frequently than the gold alloy for coping in public

health and self-payment cases. In the installation of magnetic structures, resin
housings were used in many cases, but approximately 50% of the cases used no
housing.

4) Denture morphology
There were slightly more partial dentures than overdentures.

5) Eichner classifications
With a few exceptions, magnetic dentures were applied to Eicher B2—C2 cases, especially after
B4 cases with loss of occlusal support in the molars.

6) Reason for choosing magnetic attachments.

The reasons for the selection of magnetic attachments tended to be poor crown-root ratio and
lack of occlusal support, and they tended to be used in cases with poor abutment tooth
conditions. The esthetics and cost were less than initially expected compared with the abutment
tooth conditions.

7) Patient evaluation of dentures
Good and fair scores were the most common, with only one case of failure.
8) Dentist evaluation of denture fabrication
Most respondents answered that it was easy or fair, while others answered that it was

difficult. Because it was assumed that most practitioners in this survey were accustomed to
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using magnetic attachments, general practitioners likely find it more difficult to use magnetic

attachments.

V. Conclusion

Presently, the insurance coverage for magnetic attachments is only approximately 50% that
for self-payment attachments.

Magnetic attachments are often used for a small number of remaining teeth (1-3 teeth) with
poor abutments in elderly patients with insufficient occlusal support because they can reduce

harmful lateral forces on abutment teeth, which may be useful for long-term tooth preservation.
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Abstract

Dental magnetic attachments are mostly paired combinations of magnetic assembly and keeper or two
magnets. A combination of two magnetic assemblies is rare. In the previous study, we investigated
characteristics of retentive force when combining two sandwich-type magnetic assemblies and identified
several advantages. This study explores the retentive force characteristics of cup-yoke type magnetic
assemblies in pairs. We prepared commercially available magnetic assemblies (Physio Magnet 5213) with
the magnetization direction reversed and combined the magnetic assemblies with either keeper or with
normal magnetic assemblies. The pair was mounted on a measuring device and retentive force experiments
conducted as specified in ISO 13017. In addition, we measured the retentive and resistance forces during
lateral displacement between two magnetic assemblies. The retentive force of a pair of magnetic assemblies
was higher than that of magnetic assembly combined with keeper. There was a decline in retentive force
measured upon separation of mating faces. It was more gradual in the case of two magnetic assemblies
compared to assembly and keeper. Furthermore, a pair of combined magnetic assemblies generated a large
restoring force against displacement. It was established advantageous to combine two magnetic assemblies.

Introduction

Dental magnetic attachments are one of the retainers used for removable partial or complete dentures. They
can be easily used with implants and are often used for implant overdentures such as 2-10D and 4-10D').
They have been covered by the Japanese medical insurance system since 2021, making it easier to design
dentures with superior esthetics compared to dentures using only clasps*®. Therefore, it is expected to
become more and more popular in Japan. All dental magnetic attachments made in Japan are used in
combination with a magnetic assembly and a keeper. The magnetic assembly is implanted in the denture, and
the keeper is attached to the abutment tooth or implant. In the magnetic assembly, rare earth magnets are
covered with magnetic and non-magnetic stainless steel to form a closed magnetic circuit®. Therefore, it has
the advantages of great retentive force even in a small size and low leakage magnetic field. On the other hand,
dental magnetic attachments manufactured outside of Japan include products that use open-circuit magnets,
which are simply rare earth magnets with inferior corrosion resistance coated with stainless steel or titanium”.
Open-circuit magnets have a simpler structure than magnetic assemblies and are easier to manufacture.
However, open-circuit magnets have high magnetic field leakage and low retentive force for their size. To
compensate for the weak retentive force, it is used not only in magnet-keeper combination, but also in
combine two magnets. In summary, dental magnetic attachments are currently used in three different
combinations: a magnetic assembly and a keeper, a magnet and a keeper, and a magnet and a magnet.

In a previous report?, we focused on a previously unused combination of magnetic assemblies with
magnetic assemblies. The combination of magnets with each other exhibits a grater retentive force than the
combination of a magnet and a keeper. Therefore, it is expected that the combination of magnetic assemblies
with each other also has a greater retentive force than the combination of a magnetic assembly and a keeper.
The aim of previous study® was to explore possibility of combining two sandwich-type magnetic assemblies
and investigate the retentive force characteristics. As a result, it was found that the retentive force was greater
when the magnetic assemblies were combined with each other than with a keeper, and that the decrease in
the retentive force was moderate after the mating faces separated.

Dental magnetic attachments are believed to protect abutment teeth from lateral forces because they do
not exert strong retentive force against lateral forces that are harmful to the abutment teeth®”. Therefore, in
a previous study'?, we investigated the mechanical behavior of magnetic attachments against lateral forces
by measuring the resistance and attractive force during lateral displacement between the magnetic assembly
and the keeper, or between the magnet and the keeper. The results showed that the resistance force of
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magnetic attachments of commonly used sizes was about 1 N, indicating that they are more root-friendly
abutments for abutment teeth than circumferential clasps or O-ring attachments. It was also found that the
resistance force against the lateral force to displace the magnetic assembly from the keeper is related not only
to the frictional force but also to the magnetic attraction force. In the combination of the magnet and the
keeper, we found that when the magnet is displaced significantly, it moves itself in the direction where the
center of the magnet and the keeper coincide. We named the force that tries to restore this position the
"restoring force". In the study on the retentive force when sandwich-type magnetic assemblies are combined
with each other, we did not measure the resistance force against lateral forces, but we confirmed a
phenomenon that suggests the existence of a restoring force®.

There are two types of magnetic assemblies for dental magnetic attachments: cup-yoke type and sandwich
type!!. Since interesting results were obtained by the combination of sandwich-type magnetic structures, we
are also interested in the behavior of cup-yoke type magnetic structures with each other. However, unlike the
sandwich type, it is difficult to combine cup-yoke type magnetic structures because the poles of the contacting
parts of the mating faces are the same and therefore repel each other due to repulsion. If the magnetization
direction of one of the magnetic assemblies is reversed, the cup-yoke type can be combined (Figure 1).

.
‘

Fig. 1 Combination of cup-yoke type of magnetic assemblies

Objective

In this study, we prepared a magnetic assembly with the magnetization direction reversed, and investigated
the retentive force and the characteristics of lateral displacement when two cup-yoke type magnetic
assemblies are combined.

Materials and Methods

1. Dental magnetic attachment

A magnetic assembly of a cup-yoke type dental magnetic attachment (Physio Magnet 5213, Morita, Tokyo,
Japan) was prepared. A magnetic assembly with the magnetization direction reversed from that of the
commercial product was prepared by special order from the manufacturer, and combinations of magnet
structures were used in the experiments.

2. Retentive force measurement

According to ISO 13017:2020'V, a digital force gauge (ZPS, Imada, Aichi, Japan) was connected to a
retentive force measuring device, and the crosshead speed was set to 2 mm/min, and the retentive force
(attractive force) of the combine two magnetic assemblies was measured while recording the retentive force
curve. The retentive force was measured when the mating surfaces were in contact with each other at the
exact position and when they were displaced horizontally from the exact contact position. The retentive force
was measured for each 100 pm displacement of one magnetic assembly in the horizontal direction. The
measurement was repeated until the magnetic assembly was displaced from the other magnetic assembly.

3. Measurement of the resistance force against the external force of displacement

As in previous study'?, an aluminum jig was attached to the upper and lower tables to create vertical
surfaces facing each other in the retentive force measuring device, and the magnetic assemblies were fixed
to the jig with cyanoacrylate adhesive. The magnetic assembly was pulled in the direction in which the mating
surface slides at a crosshead speed of 1 mm/min, and the resistance force at that time was measured with a
force gauge. The force was recorded at a sampling rate of 1 kHz until the magnetic assembly was removed



from the other magnetic assembly. After the measurement, the time was converted to distance and a distance
-resistance curve was generated.

Results

1. Retentive force

The retentive force of the combination of magnetic assemblies was 12.16 N. The retentive force of the
combination of magnetic assembly and a keeper was 10.64 N'?. The retentive force of the pair of magnetic
assemblies was 1.14 times greater than that of magnetic assembly combined with keeper. A typical retentive
force curve is shown in Figure 2. The results of the magnetic assembly and keeper combinations are also
shown together. The position at the instant when the mating surfaces are separated is set to 0 mm. In both
cases, the retentive force decreased as the distance between the mating surfaces increased. The retentive force
between the magnetic assemblies decreased more moderate than magnetic assembly and keeper combinations
after the surfaces separated.
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Fig. 2 Retentive force curve

2. Horizontal displacement and change in magnetic attractive force

The relationship between horizontal displacement and attractive force is shown in Figure 3. The attractive
force decreased as the horizontal displacement increased, but the decrease in attractive force was not constant,
and multiple inflections were observed.
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Fig. 3 Retentive force against displacement Fig. 4 The displacement -resistance force curve

3. Resistance force to external forces that cause displacement

The distance -resistance force curve between two magnetic assemblies is shown in Figure 4. The horizontal
axis represents the distance that the centers of the two magnetic assemblies were displaced along the mating
surface from the state where their centers were coincident, and the vertical axis represents the resistance force
at that position. The resistance force just before the magnetic assembly moved, i.e. the maximum static
friction force, was 2.81 N. When the magnetic assembly started to move, the resistance force dropped to 2.45
N for a moment. After that, the resistance force increased to 3.03 N at a movement distance of about 0.55
mm, and further decreased with an increase in the movement distance, changing the inclination several times.
The resistance force became zero when the travel distance exceeded 5.3 mm.
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Discussion

1. Retentive force

Use of a second magnetic assembly instead of keeper raised the retentive force by 1.14 times. This was the
same as in the case of the sandwich type dental magnetic attachments®). The reason for this may be that the
distance between the magnetic poles was shorter when the magnetic assemblies were combined with each
other (b) than when the magnetic assembly was combined with the keeper (a), as shown in Figure 5. Another
reason is that the volume of the magnets has doubled, and the energy of the magnets has increased. However,
since the magnetic flux density of the yoke of the magnetic assembly has almost reached the saturation flux
density, the retentive force is not doubled even if the energy is doubled. We found that although magnetic
assemblies with closed magnetic circuit are characterized by their small size and great retentive force, the
retentive force can be further increased by combining magnetic assemblies with each other. In addition, the
decrease in retentive force after the mating surfaces separated was moderate for magnetic assemblies
compared to magnetic assembly and keeper. As shown in Figure 6, the magnetic assembly is characterized
by a small leakage magnetic field, and the retentive force quickly decreases to zero when the mating surface
leaves the keeper. On the other hand, with magnetic assemblies, it is thought that the drop is moderate because
the different poles of the magnetic assemblies attract each other even when they are separated from each
other. Therefore, it can be evaluated that magnetic assemblies are more resistant to air gaps because they can
attract each other farther away from each other (attractive force) even when they are separated. Accordingly,
when magnetic assemblies are paired with each other, a stronger retentive force can be obtained in a smaller
space, and they are also found to be more resistant to air gaps.

-
Mg g

(a) (b) (a) (b)
Fig. 5 Schematic diagram of magnetic flux Fig. 6 Images of magnetic flux flow after separation
flow in the magnetic attachments (a) of mating faces. (a) magnetic assembly and keeper
combination of magnetic assembly and combination, (b) pair of magnetic assemblies

keeper, (b) a pair of magnetic assemblies

2. Resistance force during lateral movement

In a similar past study'?, the coefficients of static and dynamic friction between the magnetic assembly
and the keeper of a Physio Magnet 5213 were 0.17 and 0.13, respectively. The material used for the magnetic
assembly and the keeper of this magnetic attachment is the same magnetic stainless steel. Therefore, it can
be concluded that the coefficient of friction between the magnetic assemblies is the same as that between the
magnetic assembly and the keeper. The frictional force is proportional to the normal force but independent
of the contact surface area (Amonton's law). In this study, the attractive force of a magnetic assembly acts as
the normal force. We therefore calculated the dynamic frictional force at each position where the magnetic
assembly moved laterally, based on the data of the attractive force between the magnetic assemblies and the
coefficient of dynamic friction. The results are shown in Figure 7 alongside the resistance force. The resistive
force was larger than the dynamic frictional force calculated. This fact means that, as in the previous studies'?,
the attraction force in the direction parallel to the mating surface due to the magnetic force between magnetic
assemblies is included in the resistance force.

The difference between the resistance force and the dynamic friction force was calculated to obtain the
laterally attraction force due to the magnetic force at each position. The maximum static friction force at each
position moved sideways was calculated from the attractive force data and the static friction coefficient. The
results are shown in Figure 8. As this figure shows, when the magnetic assembly is displaced by more than
0.5 mm, the attraction force due to the magnetic force exceeds the maximum static frictional force, and thus
becomes a restoring force, restoring the magnetic assembly to the position where the center coincides with
the center. Since the frictional force when the magnetic assembly is moving is the dynamic frictional force,



it theoretically returns to the 0.3 mm position. Consequently, a large restoring force can be obtained when
magnetic assemblies are paired with each other.
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Fig. 7 Dynamic friction force and resistance force Fig. 8 Magnetic attraction force and maximum
corresponding to different positions of horizontal static and dynamic friction forces at each
displacement of magnetic attachment displaced position of magnetic attachment

3. Advantages in clinical application

Since dental magnetic attachments do not provide adequate retentive force if they are misaligned,
alignment of the magnetic assembly when embedded in the denture is important, but the technique is difficult
and requires a certain amount of sense and experience. However, when magnetic assemblies are used together,
restoring forces guide both magnetic assemblies to the correct position (a position with no misalignment of
the axes of both), so that anyone can easily and correctly align them without depending on their skills. When
functioning, the retentive force is stronger than when combined with a keeper of the same size. Also, when
the patient wears the denture, the restoring force guides the denture to the correct position. Since the weight
of a complete denture is between 20 and 40 g and the frictional force is hardly increased, the restoring force
is sufficient to move the denture. This is a great advantage for patients who have difficulty in taking adaptive
action and for caregivers working in nursing homes.

Conclusion

The retentive force was greater when the magnetic assemblies were combined with each other than with
the keeper, and the decrease in retentive force after the mating surfaces separated was moderate. The
resistance force against lateral movement was greater than the dynamic friction force, and the difference, the
laterally magnetic attraction force, exceeded the maximum static friction force. Therefore, it was found that
combining cup-yoke type magnetic assemblies with each other facilitates alignment and provides restoring
force.
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