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A study on the location of center of rotation of the tooth subjected to the load

using a magnetic sensing system for three dimensional displacement

Noriaki Yoshida, Yoshiyuki Koga, Paul-Georg Jost-Brinkmann*, Risako Abe,
Kazuhide Kobayashi, Yoshiaki Yamada**

Department of Orthodontics, School of Dentistry, Nagasaki University .
*Department of Orthodontics and Dentofacial Orthopedics, Humbolds University of Berlin
**Department of Oral Physiology, School of Dentistry, Niigata University

(Received: March 12, 1998.)

Key words: tooth movement, center of rotation, magnetic sensor

Abstract: The type of tooth movement is described simply by the center of rotation. Therefore, orthodontic tooth

movements can be .predicled, when each location of the center of rotation under various force systems is clarified.

The purpose of this study was to develop a magnetic sensing system for three dimensional displacement and to deter-

mine the location of center of rotation of the maxillary central incisor. Lingually directed forces were applied at dif-

ferent horizontal levels in human subjects. The main part of the system is composed of eight hall elements and a

_ samarium cobalt magnet. The relationship between the location of center of rotation and theposition of the force
application was discussed: It was concluded as follows;

1. Rresolution was determined to be less than 1 #m and distortion of the system was calculated at less than 0.7%
within the range of =300 ,m. This system was estimated to be stable and sensitive enough to be applied in the
oral cavity and to measure the tooth movements in vivo.

2. When a lingually directed force was applied at the bracket position of the tooth, the center of rotation was
observed at a point 0.44 times the root length from the alveolar crest. This indicated that the tooth crown tended
to move lingually and the root tended to move labially; or oppositely when only a single force was applied to max-
illary incisors during the anterior teeth retraction.

3. When the point of force application was moved cervically, the center of rotation also moved toward the same

direction. It was shown that the center of rotation is located at the root apex when the force was applied at a point
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9 mm cervical from the bracket position.

4. As the location of force application moved further apically, the direction of rotation changed from crown-lingual
to root-lingual at a point between 6 and 8 mm cervical from the bracket position.

This study was supported by DFG Grant Mi198/4-1,
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Fig. 1 Block diagram of the magnetic sensing system for three dimensional displacement

rEEWI, BBETBHWICW T, s8moBays
FEFEBBOMMERE LTRIET 5. '

BaE LT, AABABTHAY Y A2 590 M
A (IBS Magnet Ing.#t : DE32, BE#£3.0 mm, [ %2 mm)
TRV COBMBRREABI VI ALF—EI kX
, BREXERLEERNCIC I 2BEEREICENRDL =
Lo, OREMNORAICEEEEZ N,

IRDEMERET 72012, A HLELT,
BEOF—-NEF*IHFFEDETESIZ, MADSNIES
M L CHEFEIERTALICEREBL,:., A—LE
TR, PNEE B, BAMDZWI RS RiES
Bl (3=v# Ky F21925) CHEL:.

2) - NEFORESHE

F-NVEFORBHFEILIL, FEREE L EETERE
D2EENFHLH. TBHRFBLIHEICE, F—VETF
DEAB/EIIE, KELZEREREE CGR—VEREOEE
B -2%IT) BB, B EICE AEMLIEEE
LI LT, BADPEILT A2 TheENSH 5. i, £
EBREN L 72358101, A~ VEFOBRNEFIIETFHE
BEDREFRE (-0.2%/C)? IWIKTET 5720, EEHEE
BTy s BEBEICENRTVS, 22 Th— )b
FZFOFB AR, BEEEOENICIAEEHIILA
EFULREEEREE L, TEEETRICL D ERLO
VERIE L7, $72, EFUEBEEVEEMD S & B

ENDIENHBHID, REMMPELIT.

3) MIBEEL L UTF— 0

R=NVEFSEOBABRILX, #hFhgEED -/
7 —&HlT 7 (BURR-BROWN# : INAL18) T500f&
IEEEIEL, FMEBIIDC—F 71y FERIELA.
BENZETIE, 16 HzOT—RA 74051280, &
WA X%BRELE, 12bit ADEBEBYALT, /8
— VNIV - S TAAL, RELRELITo7
(E1).

2. HESLUHERE _

U EBADNEBERREOREBLVRES AT 40
BIEW, 7NMIERLETITo .

TV, AN VMM ENATAINY IV T %
FPAF Yy Flym®D#ED B U TEER 3HBE/SV AR
T— T (PYAEHE  MM-60X - Y, MM-60V) LIZELY
fFib7z. R, AL YEBOPLICAEBET S L IS
TWIER-LVEANALTHEHELA. 3EHEE/SVART
—VEDETRE IRTMICATy THEIS L L
T, ALY OMIBEHEIT 7. ZOBDE Fr
CENDEIHEERNARATF -V DX, Y, ZEE
BrthEPnRil ®REVATLD2KERE 212
.

1) k4 A DR

SHMBE/ SWVARF—VLEDE IR DRT v THEY
TV, ¥4+ 39 2 Ly VR BRBICFIBATE 204
", BRELTRY, BA-—t o vREEgEL RO 20K



24 SRHRAESE 5 & 21-30, 1998.

s g

2 BEYXT A
Fig. 2 Calibration system

R, 1ymlATDOLV AT LAFREEEBL LD THER S

A& > 4 ORFIRBAHRE L7z, KIS, B LB

EEMEO L VCEESELNLRELBAEONEBRREL

7z,
2y & Ik
LU HNEREPOCBRADENEXEET A0,
BE-ENEBRXEAER T 5 LEXH 5. 8EOL LV
LT, A3 RTRIHEGBE 21T - o®H
BEEY»S, X, Y, ZWMAROFREFROERMIZD
WTDBEE-BEMNERKERDL LN TES,
WIEFRA » M, X, Y, Z&@EFAZNI00,.mRE B
D £300mDFFICBIT BB FIRD H343 (7XTXT)
KA hELA BBIERSA L MIBTABX, Y, ZE
BEE 4 8BMOHRNT— 5 o BERIRSTEITV,
BIE - AR % VER L7z, '
IO, 3HMABSVARATF—-JEN—-VvFLar¥
- Y EEEMAT oY SR b0 —F (bR
Bt I MMC-2) &/ L CRS-232CRERXTRBIET A2 &
T, BEIHIEIC L B343FDOEKER A ~ b ~DNEE% Y
MLBIY, o3 HEAF— 7y OWMYALETTHEIZL,
REHEOR EEEEOE L rERL 72
BEOEITIRIE, AF v L TE—9 2 D5 0EH
DEBLBENHBRT 572010, BERES (hhrk

—r

= : X-error
R ©

= ) . =+ v-error
(%) .1 . . E] Z-error

o ;0 l;O “50 2‘;0 2;0 360 350 A
#iE A (@)
X3 BERORERE

Fig. 3 Error of the system calibration
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minum angle, on which indications of hor-
izontal force levels were made, mounted
on a model
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