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Estimation of the location of center of resistance of the tooth subjected to the load by

measuring two target points' displacements in three dimensions
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Abstract: The line of action of a force in relation to the center of resistance of a tooth is an important consideration
in determining a set of force and moment acting on the tooth. If the relationship between them could be clarified
experimentally, the type of tooth movement would be also estimated, and efficient tooth movements will be achieved
through the minimum course without round-tripping of the tooth thereby.

We have developed a system for real-time measurement of two target points' displacements in three dimensions
and determined the location of center of resistance of a maxillary central incisor subjected to orthodontic forces in
human subjects. As a result, the center of resistance was observed at a point 0.19 times the root length from the alve-
olar crest and found to be closer to the crown than the location determined from a theoretical consideration. It was
suggested that the location of center of resistance depends not simply on the shape of the root but on anatomical mor-

phology of the surrounding tissues such as periodontal ligament and alveolar bone.
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Fig. 1 Sensor unit for detecting three
dimensional displacement
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Fig. 3  Block diagram of the measurement system
for two target points' displacements in
three dimensions
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Fig. 4 Lateral view the demonstrating the rela-
tionship between the loading levels and
the subject tooth
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Fig. 5 Scene of practical measurement
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Fig. 6 Numerical expression for angle of tooth rotation
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Fig. 7 Relationship between loading level and
angle of tooth rotation

NI | -El ectronic Library Service



Japanese Soci ety of Stonatognathic Function

2 M3RTEMMEEE B LHERICS 2 BOERRPLLOHE 151

FAmNC ElERAHEmL 72,
EEEPIRICERT 2 BF L ROERS GG, B
APEUERTMESATEICHFET LI LHREN
7. ZOfEIE, IAFEBXARBREEEETHRIZIN:
EAETEL W ERE D19 %RAMEF Y TH o 7. Burstone
LU E B E, RIBRESRWERICEUINEEEIC
W, BRAFHEHOPEEIEL VEIERD 1.3 (B
33%) \AEL, EFTVERICL-TY, BIIZONE
VIR ODTEET A 2 E 2R L7, Tanned ? I3H R
EFFEFHCTEIP I LR, AETEL VERED
8% DHEHIZHLELEHRREL TS, COHEFEE,
Burstone b DRE L ) bHERMIIH ), EESIIBEHFE
FHRETEOR CEARAEAMIIE ) HA > TnbiHE
ERDOUTTWaE, SRERTERD O IRPTH0IE,
Tanne 5> DIRE L N L ESICHETERICBE IR, #HS
PR EFEITLEY L-EOFRERET VAW
DI L, RUFFRTHV-HEREIX, EL EREML
TBY, HILKBIIKELEVDYH o722 En b, B
CHET LI EETELRVY, WREL LU HRHEF O
WSO KRN S Y, EREREY B oHEm
Frizkh, EROWOMPBEMNEERRTHIEDOHL S
PREE N

—f%ic, ERERIEELIMARLEEZONT, B
RO F0A, HETEL VERED 1/ 3 IZLET

HEVH IRFIIERES 2. T, mOREDAN,

M A& T A RIRRE R RSB O RS R RE R T AT
K7 L O & & BERA R OEITHOLICERICEE Y K
IELE) -0, KELERENHLLEEZOND. &
mEERERE ML, BP0 LB L OHEEE O
HEMERELOMBEFBELCVWEV, 72, H—-@
RIZBWTYH, WEESLHERMZ EONFENI T X -
& R WIRIE D BEEAVIRAE 4 E B O ER KO %
RELTWVWAEEZLNEZD, ThHEDHIZDVWTH
BRG 2L T &,

2. AIEY AT LIZDWT

ARFFICEL L, 183 RTEMEEY X7 4L xR
L, WEROEOEEF.LMIERkD LT, ThiZkh,
WO X RETLONBEAETRRTAZILENTE
7. L Lads, BonsFEHRiZ1IA03 BHEDE
EIIRON TV, BETHAIBADEMED HEOME
EAHLVEEER LONETERTHI2H720, #Hl
EWAMEFMEFATICEML, WELERXT S AHBN
BEMLZVWEW)IIREDSLEL 2ol WAWESH
CEELZHAICKESERTAILIEEZICWY, B
AR L 2RISR DA R S AR, SRIRES

WEF AR TAIENEZONS. ZDD,
ERICIEHFEESINETOERM 2RI EEIEE
T&Y, BHEN/T-ROEEAICOT P RBRELELT
WABI ENEZ LN

CORBEEARRT A0, BUERET AESY
28, MRty rl6ficml e, 2 &3 RITEME
EVATFLERRELL. RVATFLERWAI LIZLD,
2EAHESB EOREESH LN O 5 BHEDENM /YT
A= wEHTHIENTARETH L. 50, ERRKF
EICREL-EOREGAZEHTLI LICE ), BIER
R EE L b R E QB B O s DR % IEFE
ICRKDBHIENTE.
EHEOKARELHERT B4, BEVOREH
FiL, EHDEIHDIL, HECIVHEhUHERL
T BRI AES L b, 0D, HEEE
DEAT LRI R INS. 22T, BEME TS
ICEET T, THERISLA. 54, @A/
ARF =Y ECOBENERE CMERMBICEELZ2ED
WMAr—KLLEBBESELZEi12k Y, FHTTO
&t U HOBERITV, BEOHETHIZL 20 EEE
EAN: N CIRVAR

Ltk SOICESE SEICHEMTAILICLY, BWO
HEALCOHBED ST A DML THEINTAZ L
NEFNL, SEHUENEL  HHs, WOEMICHET S
BRRZERVBON, LVESANLEERITE L LI,
BENERBOREES.LH 5 VIR0 E &5 I2EHE
BETHETREICZA2bDLFENS.

V. & &

2H3RTENMBEELAVWT, ThETHEL A
T&7, ARENRE LABENEHBEO LFEHTED
EIUF AL RO 2. ZORKR, EHHGIIEHETEL Y
ERENDIINRAUF ) OMEBEBICEE SR, Thid,
HEREZ DN TV RIBROEERN 1/ 30MELD D
WRERE D Thor:. BEBRIZBWT, HIZFZHN
ANRPLEOBEEFHIL, W PO-LT 5
fedl, WIFLOMEBEEMAZ L, BOTEETD
D, AHREEBRENREECL, ERPO L RET A
BB LUBENEROBBEIEZING.

BABRZHIIHIN, YAFLI 77 2T OREIC
L, #IRRELR L CHEAVLZWZEEH I b
T—Ly7 by 7HRAETOKBEFCKISE RSV
7mLET. Fo, T UHEBLOBERIIBL, EFH
HE V72 & LRIGKFERFTM BRI R TE

NI | -El ectronic Library Service



Japanese Soci ety of Stonatognathic Function

152

FHHEZE 6 | 147-152, 2000.

RBABERRICEREZDEJOBELRLIT

8)

¢a

X ®

Burstone, C. J. and Pryputniewicz, R. J.: Holographic
determination of centers of rotation produced by ortho-
dontic forces, Am J Orthod, 77 . 396 —409, 1980.
Smith, R. J. and Burstone, C. J.: Mechanics of tooth
movement, Am J Orthod, 85 . 294307, 1984.

Goz, G. and Rahn, B.:

Widerstandszentrums fir die

Die Bedeutung des
Biologie der
Zahnbewegung, Fortschr Kieferorthop, 53 . 137—141,
1992.

Burstone, C. J., Pryputniewicz, R. J. and Weeks, R.:
Center of resistance of the human mandibular molar, J
Dent Res, 60 : 515, 1981.

Dermaut, L. R., Kleutghen, J. P. J. and De Clerck, H. J.
J.: Experimental determination of the center of resistance
of the upper first molar in a macerated, dry human skull
submitted to horizontal headgear traction, Am J Orthod
Dentofac Orthop, 90 : 29—36, 1986.

Vanden Bulcke, M. M., Dermaut, L. R., Sachdeva, R. C.
et al.: The centers of resistance of anterior teeth during
intrusion using the laser reflection technique and holo-
graphic interferometry, Am J Orthod Dentofac Orthop,
90 : 211—220, 1986.

Vanden Bulcke, M. M., Burstone, C. J., Sachdeva, R. C.
et al.: Location of the centers of resistance for anterior
teeth during retraction using the laser reflection tech-
nique, Am J Orthod Dentofac Orthop, 91 © 375— 384,
1987.

Pedersen, E., Isidor, F. Gjessing, P. et al.: Location of
centres of resistance for maxillary anterior teeth mea-
sured on human autopsy material, Eur J Orthod, 13 :
452—458, 1991.

9)

10)

11)

12)

13)

14)

15)

16)

17)

Tanne, K., Koenig, H. A. and Burstone, C. J.: Moment to
force ratios and the center of rotation, Am J Orthod,
94 : 426—431, 1988.

Tanne, K., Nagataki, T., Inoue, Y. et al.: Patterns of ini-
tial tooth displacements associated with various root
lengths and alveolar bone height, Am J Orthod Dentofac
Orthop, 100  66—71, 1991.

Pryputniewicz, R. J. and Burstone, C. J.: The effect of
time and force magnitude on orthodontic tooth move-
ment, J Dent Res, 58 . 1754 —1764, 1979.

Burstone, C. J., Every, T. W. and Pryputniewicz, R. J.:
Holographic measurement of incisor extrusion, Am J
Orthod, 82 . 1 — 9, 1982.

HHHW, AL, MKRHEIZD | BIEERE
DREAEOENRE RS L EERAVFT — B >~ &
ICH LB ME S A7 L —, BHbEhEE, 6

189—194, 1988.

HEAH D LHBENEEREICL 2 E - KRHEDE)
REICHEY D EBRIOMHT —REAME Y AT L1285 3

FEHATORMEE—, HE#EKE, 49 1207217,
1990.

Yoshida, N., Jost-Brinkmann, P.- G. and Yamada, Y.:
Initial tooth movement under extraoral force and consid-
erations for controlled molar movement, Angle Orthod,
65 : 199—208, 1995.

Yoshida, N., Jost-Brinkmann, P.- G., Miethke, R.-R. et
al.: An experimental evaluation of effects and side
effects of asymmetric facebows in the light of in-vivo
measurements of initial tooth movements, Am J Orthod
Dentofac Orthop, 113 : 558 —566, 1998.

HHHAH, HE#HKZ, Jost-Brinkmann, P.- G. (I

i ERFO W O DR LY 2 - R oY '
WA L7 3 RTEEMBIE Y AT LDEEANDIE
H—, ZBgREsE, 5 ©21-30, 1998.

NI | -El ectronic Library Service



