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Orthopedic dentists are trying to solve the problem of prosthetics for dentitions with distal defects. Removable
dentures with magnetic retainers are securely fixed in the oral cavity, but due to the lack of a stabilizing part are
unstable under horizontal load.

The purpose of our work is to systematize latest studies of magnetic fixation of removable dentures, and to pro-
pose a new concept of magnetic fixation.

A comprehensive search of PubMed, ScienceDirect and Scopus was conducted to determine the methods of using
magnets to fixate dentures in the oral cavity.

During the experimental studies of magnets of different shapes and magnetization, we found a little-known fact
- self-centering of magnetic pairs.

Based on this fact, we proposed a new conceptual technical solution for magnetic fixation in telescopic joints,
relocate magnetic pairs to the vertical arrangement.

A working model of a telescopic joint with a vertical arrangement of magnetic pairs was made.

When the matrix part is mounted on the patrix part, the magnets are placed clearly opposite each other with
opposite poles. Two magnetic pairs with balanced force fields are formed. In each of these pairs, the maximum
balanced magnetic fields are established, and disturbances in the magnetic equilibrium create a counteraction to
external forces regardless of the direction of their action. When the external forces end, the magnetic pairs return

to their upward position.

The introduction of the new concept of magnetic fixation of removable dentures proposed by us will contribute

to the achievement of better quality prosthetics.

Key words: fixation of removable dentures, magnetic fixation, telescopic connection, nitinol, magnetisation,

self-centring of magnetic pairs.

Connection of the publication with planned re-
search works.

The work is a fragment of the research work
«Individual approach to the rehabilitation of patients
with pathology of the dentoalveolar system» (state
registration number 0122U002533).

Introduction.

A concept (Latin, perception) is a system of views
on a certain phenomenon; a way of understanding and
interpreting certain phenomena, the fundamental idea
of a theory, its general idea.

In the study of various types of denture fixation,
it was found that since the beginning of the use of
magnetic retainers in the telescopic connection between
the denture and natural teeth or implants, only two
functions were provided:

e support;

e retentive (retention) [1, 2, 3, 4].

As noted in the literature, the use of the so-called
horizontal (occlusal) magnetic retainers also had advan-
tages:

e permanent retention;

¢ axial load;

e activation is not required;

« no need for alignment of the supports;

e uncomplicated oral hygiene.

Removable dentures with magnetic attachment
distribute the chewing load on the abutment teeth,
are securely held in the oral cavity, but due to the
absence of a stabilising part, they are unstable under
horizontal load, and lateral (transverse) displacements
of the denture base are possible. Overloading of the
supporting objects, sharp atrophy of the alveolar ridges

led to restrictions for such magnetic retainers. The latter
are used mainly as an auxiliary element [1, 5, 6, 7].

According to various researchers, the mucous
membrane’s pliability is 10-50 times greater than the
natural mobility of the abutment tooth.

Therefore, when a removable denture is rigidly fixed
to the abutment teeth, the base of these dentures
can make micromovements under the influence of
masticatory pressure to the extent of the mucous
membrane’s compliance. In this case, most of the
load is transferred through the rigid attachment to
the abutment teeth, and a «cantilever» effect can be
created, which is expressed in the tilt of the abutment
teeth_towards the defect.

Therefore, the main goal in the treatment of
dentitions with distal defects is to achieve an even
distribution of the chewing load between the mucosa
of the prosthetic bed and the periodontium of the
abutment teeth.

Since partial dentures are based on biologically
heterogeneous structures, they must compensate for
potential differences in pressure transfer to the tissues
and help maintain their normal functional state [8].

The problem of prosthetics of distal defects in the
dentition remains relevant today. Prosthodontists
have been trying to solve this problem for a long time,
developing various designs that would, firstly, reduce the
vertical load on the alveolar ridge, secondly, distribute
it evenly over the entire alveolar ridge and, thirdly,
rationally distribute it over the entire prosthetic bed.
The main focus is on finding the optimal type of
attachment of the removable denture [9].

Throughout the existence of removable dentures,
scientists have been trying to develop a method of
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Figure 1 — Schematic representation of the general view of
the proposed telescopic connection, where: 1 — «patrix»; 2 —
permanent magnets of «patrix»; 3 — «matrix»; 4 — permanent
magnets of «matrix»; 5 — occlusal gap.

attaching the removable part of the denture to the
abutment teeth that would eliminate the «cantilever»
effect, which is only possible when a strong connection
between the removable and fixed parts is eliminated.

Basic properties of permanent magnets:

— the magnetic effect of a magnet is strongest near
its poles;

— the magnetic effect of a permanent magnet is
different in different parts of its surface; those parts
of the magnet’s surface where the magnetic effect is
strongest are called the poles of the magnet;

— the poles of the same name repel each other, and
the poles of different names attract each other;

—the magnet has a north N and south S pole;

Figure 3 — 3D printer Asiga MAX UV.

Figure 2 — Schematic representation of a general view of the

proposed telescopic connection in the section at the level of

the centers of the magnets, where: 1 — «patrix»; 2 — permanent
magnets of «patrix»; 3 — «matrix»; 4 — permanent magnets of
«matrix».

It is impossible to produce a magnet with only one
pole;

— when a permanent magnet is heated to a certain
temperature (Curie point), its magnetic properties
disappear [6, 7].

The aim of the study.

Based on the sources of scientific and medical
information, to systematize the authors’ views on the
role and importance of magnetic fixation of dentures.
Determine the optimal type of denture attachment and
propose a new concept of magnetic fixation.

Object and research methods.

A comprehensive search was conducted in PubMed,
ScienceDirect and Scopus to determine the methods

Figure 4 — Ligcreate Bio-Med Clear is a biocompatible resin material
for 3D printing.

312

ISSN 2077-4214. Bicuuk npo6nem Gionorii i meguuunm — 2024 — Bun. 2 (173) / Bulletin of problems in biology and medicine — 2024 - Issue 2 (173)



METOAUN TA METOAUKU / METHODS AND METHODOLOGIES

of using magnets to fix dentures in the oral cavity. As
a result of the analytical processing of scientific and
medical sources, it was found that only such properties
of magnets as attraction and adhesion with the axial
form of magnetization of these magnets were used for
dentures fixation [4, 10].

During the experimental and laboratory studies
of magnets of different shapes, magnetization and
materials, we have established a little-known fact -
self-centering of magnetic pairs, or «the property of
returning to the upward position after the external
force is stopped», or «the effect of magnetic location
memory», similar to the use of nitinol metal with the
effect of shape memory in dentistry. Objects made of
nitinol (titanium nickelide), an alloy of titanium and
nickel, are able to «remember» their original shape and
return to it when subjected to temperature effects [11].

Research results and their discussion.

Based on the established fact, we proposed a new
conceptual technical solution for magnetic fixation in
telescopic joints (beam system, attachments, telescopic
crowns, etc.), namely, in contrast to the generally
accepted horizontal (occlusal) arrangement of magnetic
pairs, to transfer them to the vertical (apical) one, [12,
13] see fig. 1.

Fig. 2 schematically shows a general view of the
proposed telescopic connection in the section at the
level of the centers of the magnets.

In order to achieve this goal, it was necessary to con-
duct experimental studies to prove the efficiency of the
new technical solution.

The experimental studies consisted in making a
working model of a telescopic connection with a vertical
arrangement of magnetic pairs and applying a certain
force (IN-5N) to the matrix in different directions — ver-
tical, sagittal, transverse and rotational, corresponding
to the physiological mobility of a natural tooth.

Manufacturing of the working model and experi-
mental study was carried out at MIX-Lab PE, license of
the Ministry of Health of Ukraine, series AE No. 459333
dated 07.08.2014.

The CAD/CAM system was used to model and
manufacture the components of the telescopic joint
«patrix» and «matrix».

The modeling was carried out in the program
ZIRKONZAHN. Modellier 9539
(2020-09-28).

The constituent elements
were manufactured on a
3D printer (fig. 3) using 3D
printing materials (figs. 4,

5) similar to the method
of manufacturing double
crowns of a cylindrical shape
of a conventional telescopic
joint, the peculiarity is that
on the side surfaces of the
constituent elements formed
recesses in which permanent

neodymium magnets were
fixed.
The optimal parameters

of magnetic pairs were deter-
mined by physical modeling,

Figure 5 — Asiga DentaMODEL - material for 3D printing dental
models.

and the retention forces of removable laminar dentures
were calculated.

When the matrix part is installed on the patrix part,
the magnets are positioned exactly opposite each
other with opposite poles. Two magnetic pairs with
balanced force fields are formed. In each of these
pairs, the maximum balanced force magnetic fields are
established, and violations of the magnetic equilibrium
create a counteraction to external forces regardless of
the direction of their action (fig. 6).

When the external forces cease, the magnetic pairs
return to their upward position. The mechanism of mag-
netic balance is essentially similar to the work of the
periodontal ligament of a natural tooth.

Figure 6 — Telescopic connection with vertical arrangement of magnetic clamps.
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Thus, removable dentures with a vertical arrange-
ment of magnetic retainers provide the necessary func-
tions in the oral cavity: fixing, supporting, redistributing,
stabilizing and cushioning.

As a result of experimental and laboratory studies, it
was also found that the functionality of denture fixation
depends on the magnetic components (pairs) according
to the following parameters:

e magnetization;

e size (area, volume);

e coercive force;

« balance of the magnetic field between magnetic
pairs.

Taking into account the established dependencies,
there is a need for their further deep and thorough
scientific study and research for the use of the proposed
magnetic compound in clinical practice.

Conclusions.

The perception and implementation of the new
concept of magnetic fixation of removable dentures
proposed by us will contribute to the achievement of a
higher and more effective level of prosthetics and better

restoration of dental health.

Prospects for future research.

The production of magnetic fixation devices
developed by us will enable us to manufacture innovative
and diverse dental products and compete with other
fixation devices.

« topographic location;

e geometric shape;

e combination of geometric shapes

e magnetic pair distance (intermagnetic space);
« direction of magnetization;

e magnetic material
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HOBA KOHLENLIA MATHITHOT ®IKCALLIT B CTOMATONOTIT

TapaweBcbKa 0. €., laBupgeHko B. 10., CokonoscbKa B. M., XiniHiu €. C., KysHeuos B. B.

Pestome. Mpobnema npoTtesyBaHHA KiHUeBUX AedeKTiB 3yOHUX pAAIB 3a/1MLLAETLCA aKTyasIbHO i HA CbOrof-
HilWHIN aeHb. Jlikapi cTomaTonorm — opToneamn AaBHO HaMaratTbCA BUPIWNTK L0 npobaemy, po3pobnstodi pisHi
KOHCTpPYKLji. OCHOBHa yBara npu LbOMy Hanpas/ieHa Ha MOLYK ONTMMA/IbHOrO BUAY KPiNaeHHA 3HIMHOTo npoTesa.

3HiIMHI NpOTE3M 3 MarHiTHUM KPiNaeHHAM PO3MOAINAIOTb KyBa/JibHE HaBaHTaXKeHHA Ha OMNOpPHi 3ybu, HadiliHO
YTPUMYIOTbCA B MOPOXKHUHI pOTa, ane i3-3a BiACYTHOCTI cTabini3ytoyoi YaCTUHM HeCTIlKi NpY ropM30HTaZIbHOMY Ha-
BaHTa)KEeHHi, MOXK/IMBi BOKOBI (TPaHCBEH3a/bHI) 3MileHHs 6a3ucy npoTesa.

MepeBaHTaXKeHHA ONOPHUX 06 €EKTIB, pi3Ka aTpodia aibBEONAPHUX rPebeHiB CNOHYKana OOMEXKEHHIO ANA TaKMX
MarHiTHUX ¢ikcaTopiB. OCTaHHi BUKOPUCTOBYIOTb B OCHOBHOMY, AIK AOMOMIXKHUIA €1IeMEHT.

Mema docnidieHHA. Ha 0CHOBI Axepen HayKoBO-Meau4HOI iHbopMaLLii cucTemaTnsyBaTv NOMALM aBTOPIB Ha
pO/ib Ta 3HAaYEHHA MarHiTHoOI dikcauyii 3ybHuUx npoTesis.

BM3HauUUTU ONTUMaNbHUI BUA KPiNAeHHS 3yBHMX NpoTe3iB Ta 3aNponoHyBaTh HOBY KOHLENLiI0 MarHiTHOI Qik-
cauir.

06’ekm i memoodu. MNpu NpoBeAeHHI eKcnepruMeHTaNbHO-1abopPaTOPHUX A0CNIAKEHDb MATHITIB Pi3HMX Gpopm, Ha-
MarHi4eHHOCTi Ta MaTepianiB Hamu 6yN0 BCTAHOBAEHO ManoBiIAOMUI GAKT — CAMOLEHTPYBAHHA MarHiTHUX nap, abo
«BNACTUBICTb NOBEPTATUCA Y BUCXiAHE NOIOXKEHHA NiCNA NPUNUHEHHA Ail 30BHILLIHbOI CMAKY», ab0 «edeKTy MarHiTHol
nam ATi po3TallyBaHHA», aHANOMYHO BUKOPUCTAHHIO B CTOMATOOTIi HiTIHONY MeTany 3 epekTom nam’ati opmu.
MpeameTn 3 HiTMHONY (HiKenia TUTaHy) — cnaaBy TUTaHY i HiKeno — 34aTHI “3anam’sToByBaT” nepsicHy dopmy i
NnoBepTaTUCA A0 Hei NPY BUKOPUCTAHHI TEMMEPaTypHOro BM/MBY.

Ha nigcrasi BctaHOBNAEHOTO daKTy, HaMu H6yn0 3aNPONOHOBAHO HOBE KOHLLENTYa/ibHE TEXHIYHE PilLeHHA MarHiT-
Hoi ¢iKcauii y TeneckoniyHonoaibHMx 3’ egHaHHAX (6anoyHa cucTema, aTauymMeHn, TeNeCcKonivyHi KOPOHKM Ta iHWi), a
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came, Ha BiAMIHY Bif, 3aranbHO NPUAHATOrO rOPU30OHTANbHOIO (OK/O3IMHOMO) PO3TallyBaHHA MarHiTHUX Nap nepe-
HeCTU iX Ha BepTUKa/ibHe (anpoKCUMabHe).

Pe3ynemamu. B pe3ynbTaTi eKCnepuMeHTaNbHUX AOCAIAKEHb TENECKONIYHOro 3 €4HAHHA NMOKa3aaM CNPOMOK-
HiCTb MarHiTHOT cucTemu 3abesneynTi BCi HEObXiAHI QYHKL,iT 3HIMHMM 3y6HUM NpoTe3am, a came: diKcyrouy, onop-
Hy, Nepepo3noginbyy, cTabinisyrouy Ta amopTU3ytouy.

BucHo8Ku. CNpUNHATTA Ta BNPOBAAKEHHSA 3aNpPONOHOBAHOI HAMW HOBOI KOHLLEeNU,ii MarHiTHOI dikcauyii 3HIMHMX
3yOHUX NpoTe3iB CNpUATUME AOCATHEHHIO BULLLOTO Ta eheKTUBHOrO PiBHA NpoTe3yBaHHA Ta biibl AKICHOIO BiAHOB-
JIEHHA CTOMATO/I0rYHOrO 340P0B A.

KnrouoBi cnoBa: ¢ikcauis 3HIMHMX NpoTesiB, MarHiTHa ¢ikcalis, TeneckoniyHe 3’€AHaHHA, HITIHO/, HaMmarHive-
HiCTb, CAMOLLEHTPYBAHHA MarHiTHUX nap.

NEW CONCEPT OF MAGNETIC FIXATION IN DENTISTRY

Tarashevska Yu. Ye., Davydenko V. Yu., Sokolovska V. M., Khilinich Ye. S., Kuznetsov V. V.

Abstract. The problem of prosthetics of distal defects in the dentition remains relevant today. Prosthodontists
have been trying to solve this problem for a long time, developing various designs that would. The main focus is on
finding the optimal type of attachment for the removable denture.

Removable dentures with magnetic attachment distribute the chewing load on the abutment teeth, are securely
held in the oral cavity, but due to the absence of a stabilising part, they are unstable under horizontal load, and lateral
(transverse) displacements of the denture base are possible. Overloading of the supporting objects, sharp atrophy of
the alveolar ridges led to restrictions for such magnetic retainers. The latter are used mainly as an auxiliary element.

The aim of work. Based on the sources of scientific and medical information, to systematize the authors’ views
on the role and importance of magnetic fixation of dentures.

Determine the optimal type of denture attachment and propose a new concept of magnetic fixation.

Object and methods. During the experimental and laboratory studies of magnets of various shapes, magnetization
and materials, we have established a little-known fact - self-centering of magnetic pairs, or «the property of
returning to the upward position after the external force is stopped», or «magnetic location memory effect», similar
to the use of nitinol in dentistry, a metal with a shape memory effect. Objects made of nitinol (titanium nickelide),
an alloy of titanium and nickel, are able to «remember» their original shape and return to it when subjected to
temperature.

Based on the established fact, we proposed a new conceptual technical solution for magnetic fixation in telescopic
joints (beam system, attachments, telescopic crowns, etc.), namely, in contrast to the generally accepted horizontal
(occlusal) location of magnetic pairs, to transfer them to the vertical (apical) one.

Results. Experimental studies of the telescopic connection have shown the ability of the magnetic system to
provide all the necessary functions for removable dentures, namely: fixing, supporting, redistributing, stabilizing
and cushioning.

Conclusions.The perception and implementation of the new concept of magnetic fixation of removable dentures
proposed by us will contribute to the achievement of a higher and more effective level of prosthetics and better
restoration of dental health.

Key words: fixation of removable dentures, magnetic fixation, telescopic connection, nitinol, magnetisation,
self-centring of magnetic pairs.
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