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Denture
Magnetic assembly

Keeper
Root Cap

Root

Fig. 1. Structure of magnetic attachment. The
magnetic attachment consists of a denture with
a magnetic assembly and a root cap with a keep-
er. The magnetic attraction forces (arrows) be-
tween the magnetic assembly and the keeper
retain the denture.

*—"J— K magnetic resonance imaging, displacement force, torque, magnetic denture, soft magnetic material
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Magnetic Flux Density (B) Magnetic Flux Density (B)
Residual
flux density \ _______
Residual flux
density ~
Magnetic Field
Strength (H)

a

Magnetic Field
Strength (H)

b

Fig. 2. Magnetic characteristic illustration of the ferromagnetic materi-
als. (a) Magnetism properties of hard magnetic materials. Hard magnet-
ic materials have a large residual flux density. (b) Magnetism properties
of soft magnetic materials. Soft magnetic materials have little residual

flux density.
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Fig. 3. Device for measuring magnetically induced displacement forces.
(a) Diagram of the device with the keeper. The static magnetic field
(Bo) induces the displacement force () on a keeper, where m is the
mass, g is the gravity constant, and 0 is the deflection angle of a thread
from the vertical axis. Photograph of the device with keeper alone (b),
with a keeper and two one-yen coins (c).
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Fig. 4. Deflection angle (a-b) and magnetically induced displacement force (c-d) versus distance
from magnet center of 1.5T and 3T MR scanners. The origin of the horizontal axis is the magnet
center and the position of the protractor was plotted. The keeper position was calculated taking
into account the deflection angle and plotted. The positions of the aperture (dotted arrow) are 88
cm and 85.2 cm for the 1.5T and 3T MR scanners, respectively.

kgf THAHY. &/, LYVEAV DL FD
HHEN TORETALIC X HHER 1L, 2~34F
TR L/BITE T 5%, ZhaxEEL T,
¥ 5kegf OMBEND L DT, WADERTI 9.0
gf LENTIEFICKEWMETHA. ASTM
BCIIERCTH AR TH LM, F—/S—ICfF
MATHLV v AV OB ZEET L L
1.5T, 3T MR & EDOFKGIC L HF—/3—D
LN & o TR == E) 3§ 5 etk i3k
WeEZBNA. Fie, SRIOEIETEMIT
MR ~7 % v FOBOMAIT THRLLEL,
MR ~ 7 % v b HOLAFETIRIEE 01800
VX BEES SR I OZE RN e B |VB| OE\WIC &
HEDEEZLNS. VBl L, $EIOHEL
e A=N1—O |VB| O K& D, MR~
Fov PG 30em 58T 0.1 T/m k9 &/

SWAMR Y7 %y FHAITIE, 15T Tid
2~3T/m, 3.0T T 3~5T/m Th-72. %
T WRE DB BRIk | VB OALE T O
KEMSFIE, 3TIE 15T O 145 Th
D, WA IVB| OB VICHY L. Lt
T, B |VBl BT HE0D T &R
L.

HEMEARD b L7 RIRE

MRI O ##EHHT & - THEMERIC BV 7 Ak
U5 &, BEEORIEES T RICH S &1
B, iz, FVIBERKETLHAEDT MR
X7 F v FOHRLTHBHW. Py HBIES
HATIT W 72 T ED 80 L mR ey
EIO DI I NG B BRI TR,



HiEERE #36% 15 (2016)

gt (R D RMh 2B W5 J7 1R & 45°1270 % K D1
HEH, MRILO~ 7 %y LS TRt GE
BEyS Y, WEAOREAERS TR TTIC
THE D NBES L. ZOBMEAEOREZORE
F%u 5 BT+ 5. 0: FLrxL, +
1:590 MV 7, WHEAORENT DT 2ICH &
BB 2B DPEREATIC R B1E 8 TidZe v,
+2: FEEDO IV, EHEAROREIIR «IC
By & TIC /e B Ko<, +3 v b
W7, WHEARORBIIFR S 220 )5k < FS
OFEIZH <, +4:FEFITHRC LY, Bk
RORETIEFITHET < HOIEFIT TI58 <
BHEICH L. Ll TOFETIE, BT
Ry F A FOF—/8=0D % D T/ S I ghk(k

Top cover

T, #EBATOF—NN—DOFBEH LR L,
FHICRELGERB5H. V7 e EREICH
ET HITE, ASTM B I & % JlE 1214 /5
feEIND., COFIVZIEEZTREVIED T
LAFIHL CEHiid % (Fig. 5). ZFHICH
L Did+a (torsional spring) TH A IN7=HIL
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Upper rotator

Torsional spring
Holder of the keeper
Lower rotator

Air bearing tube

d Keeper

Fig. 5. A magnetically induced torque measurement apparatus. (a)
Lateral view of the device. The rotational orientation of the upper rotator
(6.) is controlled manually through a tuning knob and a connecting gear.
The lower rotator is suspended by a torsional spring connected to the
center of the upper rotator, and the cylindrical bar attached to the bottom
center of the lower rotator is supported by an air-bearing tube. The rota-
tional orientation of the lower rotator () is measured to calculate the
torque (see Fig. 7). A photograph of the holder and keeper (b) with and
(c) without a top cover plate. (d) Geometry for evaluation of the torque
on a keeper. The keeper’s angle (6:) is defined from the direction of the
static magnetic field (Bo), and the direction of the magnetization (Ms) is
defined by the angle (&) from the normal direction to the plate surface of

the keeper
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Torque(t) =k - (6, — 8)

k : torsional spring constant
(38.7 gfmm/° )

* In the center of MR scanner.

Upper rotator manualy increased 8, by 5° ,
the corresponding lower rotator 6, changes by
torque.

Fig. 6. Diagram of the principle for torque measurement. Upper rotator
manually increased (6.) by 5°, the corresponding lower rotator (6;)
changes by torque in the center of the MR scanner. The torque (z) is 7=
k- (6.—601), where k is the torsional spring constant.
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3-T Magnetically induced torque (102 gf:mm)
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Fig. 7. Magnetically induced torque vs. directional angle (: in Fig. 6)
of a keeper in the 1.5T (a) and 3T (b) MR scanner. The solid line
represents a theoretical regression curve.
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A Review of the Safety Concerns for Magnetic Materials in the Field of
a Clinical MR Scanner Focusing on Dental Attachments

Mika OmATSU and Takayuki OBATA

Research Center for Charged Particle Therapy, National Institute of Radiological Sciences
4-9-1 Anagawa, Inage-ku, Chiba-shi, Chiba 263-8555

When patients with magnetic materials in their bodies undergo MRI, the static magnetic field of
the MR scanner induces displacement forces and torque on the magnetic materials.

It is crucial for the management of MRI safety that the operators acquire adequate knowledge
about the magnetic field-induced displacement force and torque, and learn their measurement
methods. We explain the properties of ferromagnetic materials and the method of measurement of
magnetically induced displacement force and torque according to the American Society for Testing
and Materials (ASTM), focusing on low-mass magnetic dental keepers and strong displacement
forces and torque. The important points to be mindful of while performing the MR imaging of
patients with magnetic dental attachments are also shown.
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