B
RS

@ H EEEE—/NEIRDEB) D 6 B eHEERIE & AT
& B R T

WAHES (Fixl, 500%F)

FORERDMEL U - ML LOBREA EIE T 5 Z L3I 2 EERFEO—oTH b, HEH
BB ZDNERAHISTRER LU VTS S L & HIT, FBBEEEL O TRITNIINRS
P, SRCIHERSREICARRN U - BABM s i ST RER 5RG T3 B 71213, /ERITHhN TV A5 ESE Rl &
EHiZ, Bx OEOEEITONTH 6 HHETHITT 208 b 5. AW T3 ESE—/ AR OB D
EEIE, FITERITO L& HIT, TRl E ORIRICOVWT bRRETEMA S Z LR ENE LT

HIEICIZ G ED—aA V& SED_IRa A i 678 HEEEZE % SH U B0 WEaE 6 B i EEESHH)
EeshBUWEL THW.. ZRaA VIROER), SRER) 2T 5065t 4EFER L. SEOERIC
BE R RDITORABY 3 L0 LFEARHE—/ NI 5k, ESRARE—NEEESEEE LT, %
BIETENTES B & EDORAH L ERTRREIIC T 2TRER A UDIC OV TRIEZ{T- o,

EOEERIER —k 3 1 )VITREBRER R 2 A VERRCFE S RN BT 5 L H AafEE s L,
K& (3 9.56mm DILAE, HEIZV— MR a7 F%5EHT2.3 g Thorlz. HIEBOEEIIETH
BESMRAE 1.3 um, RECEEIESFHE0.00017° Th- 7=

HERMFRIRERIC RS N AR 2 A I & &, #ERED 6 BBEERH R 1 FIic >V TRT L, x: 84
pm, y:-7lpm, z:Pum, x:-0.582° , 0y:-0.341° , 0z:0.038° THhb, I CEA
BRA N 148 umiZBI L Tz, TDL ZDOWENIT 19.3 kgf (189.3 N) , HERAARFORORIX
18.8 mm Th - 7. KENARKHT TEAVIESIIIRTAN 204 m, Gl 322um, TAH 118 pmE
LTz o 2408ERET OV THIHTAKOERIBONI., NERZT =L EDOWOB) X 0T
SHRRT—DODOREME U T [ HRARE ARG ORRE)E (D) /AR ET1(F) | % 3A/DHEREIT O
TetET 5 &, HAITES S DARRHCIZ 9.6~16.4 um/kgf Th-7-. HEREERILTHICRE % &
oL 7= & & D/F I3 2R A 012 3.0~8.5 u m/kgf, #ERtEI AE RIS N2 AR L& 2 D/F
(3SR A M 3.8~11.5 um/kgf Tdh- 7z, HERHD AT/ T ¥ 5 _EFAAHIREORIITLE N %
BRUT- & SHEREDRMT D D/Fi135.6~22.4 um/kgf T, S3mOERGENTEEN L T -,

BRI HENE & ) B TR C e~ TR IR A TH R CRE L7z & 2ITIX D/F dvha{, £D 3%
MRS /N & o 1z, BAIETIH 1= ) OBBIEIV/NS WANKRENEHENRKEVNEELZONS C
L, EBH RIS OWTIZG AR ES & BT 5 5 RAEAHEEIT 5 LI AN EASOMER T
REED D B T EnH, KEERRANICEWT ESE—PAETIE, HHRIES L O A HEPREIICITD
1 L bREREMEY 5 X ZNENHDEEI OGNS, FWIHKE NARROFN 2 &L ABD&IZD
WCEEN R FRRT S &, EFOIE T 5 5T b RSO HICd 554 LI WBEDH - 1-.
REERR S NLITE WO THRER S L DR {T- F- & O LFEGE—/NEWICEE Lz ka4 VD a4 )V
PRBHIme A L dIc & D#9 100 e miEREL TH D, LGRS 3 BIHRICH - 72, ARFZRIC
X 0 &S & TEREBORIBFRIENTIREL L5 7= 2 & T, RO EETH 2 ThEEN TR L 7-5s
ABHEEEDFRHI K NTBIIOb D ERIF T X 5.




i L IR &

FEE—/PAEDOEE O 6 B HERIE & BT

EE EESET

A . TR R RF b 787
BB 4 R 7 5 R A
(F6& | JORAK — %)




i LR R

EFEE—/NEHEOEE) D 6 B HEHIE & FEAT

28 EESET

Arlg | BB RFERFE b AT 7E A
BRI A R S 5
(638 . THRA—HIK)




FEE—/NEAEOES O 6 B B E & BT
Measurement and Analysis of Upper First Premolar Movement
in Six Degrees of Freedom

EELEET
Toyoko Satsuma

ST T F AR SR

BERFRFREFLFEHR
R R
(88 | |WHEA—HIF)
- Department of Fixed Prosthodontics, Graduate School of Dentistry,
The University of Tokushima
(Director : Prof. Eiichi Bando)




E &

Soundness of stomatognathic system can be achieved with functionally
adequate occlusal contact. The research of this occlusal morphology
requires the analysis of micro tooth movement as well as analysis of jaw
movement. The purpose of this research is to study micro upper first
premolar movement under several occlusal loading conditions.We
modified our jaw tracking device to develop the new motion analyzer in
six degrees of freedom that can perform simultaneous measurement of
tooth and jaw movements. The results are as follows.

1. The resolution of the recording system was improved up to 1.3 # m for

translation and 0.00017 ° for rotation.
2. Three male adult volunteers were selected as the subjects. Movements

of right upper first premolars against left upper first premolars of these
subjects were measured with this device. Occlusal load was provided
perpendicularly on buccal cusp, central fossa, palatal cusp and canine
cusp. Directions of tooth movements of these subjects were almost same
under same loading conditions.

3. In some loading conditions, the rotation centers of tooth movement

were found.

EXF—7—F (Sword LLA)
tooth movement
six degrees of freedom
magnetic fields
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X 1

X 2

Demographics of subjects and teeth

WERE B L UMRERE O K

Magnetic phase shift and phase detecting error during translation
at axes

AT BN O RARE LR b (AR B

Average magnitude of tooth movement at the peak buccal cusp
loading

AR & BT &R KR OE O EB DT E

Average magnitude of tooth movement at the peak palatal cusp
loading

TR ER G B R AR OEOEEDOFIIE

Average magnitude of tooth movement at the peak central fossa
loading

W& T R ERI & ) B i B KEF O o D& E) D F 39 1E

Average magnitude of tooth movement at the peak anterior tooth
(canine) loading

AR E BN KEDOROEE DFHE

Mandibular position at the beginning at occlusal loading

EFRIGEEIZ BT 5 T FEN

Primary coils

—&ka{ N

The frame of reference
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X 3

X 4

X 5

X 6

X 7

X 8

X 9

X 10

X 11

X 12

X 13

Arrangement for occlusal force loading
& B ik

Block diagram of the measuring system
BEVATLDOTUY I AT T A

Composition of secondary coils

ZRaA VO

Secondary coils to detect tooth movement

B D EERER —RT ANV

Arrangement of secondary coils for simultaneous measurement of
tooth movement and jaw movement

DEE) & FHEE) & DRIEFEE

Recording scene

il %2 B R

Tooth movement during buccal cusp loading (sub.A)

BRIRER S DAaMREOEDOES) (#HEREFA)

Tooth movement tracks during buccal cusp loading (projections)

BRI EKR S NEFROEOEESER (ZFEHEEN)

Tooth movement during palatal cusp loading (Sub.A)
HHREK SN AEFEOEROEE (HKEBREA)

Tooth movement tracks during palatal cusp loading (projections)

HHEERSNEFEOEOES X (= FHEKREN)

Tooth movement during central fossa loading (Sub.A)

WEmAP RIS TETEOROES (HHEEEA)
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X 14

X 15

Xl 16

X 17

X 18

X 20

Xl 21

Tooth movement tracks during central fossa loading (projections)

EAHEPRFKENATEORDEEERE (ZFEHEEN)

Tooth movement during anterior tooth (canine) loading (Sub.A)

HMAERETETROEDER (HEREA)

Tooth movement tracks during anterior tooth (canine) loading
(projections)
HAEKENETREOEOESZER (ZFHEFER)

Mandibular movement during buccal cusp loading (sub.A)

BAREKRSHEMEEOTHES (HEBREA)

Occlusal force and tooth translation (Sub.A , buccal cusp loading)
RENEED=ZRTHBEE (WEEA, BAKERENE
T )

Frontal view of tooth movement pathways (Sub.A , buccal cusp
loading)

MEENIC BT 2 HOEHES (BREA, BHRERES
£ 77 H)

Frontal view of tooth movement pathways (Sub.A , palatal cusp
loading)

RN BT 2R OEERER (BEBREA, SHKRERS
&t )

Frontal view of tooth movement pathways (Sub.A , central fossa
loading)

RIEEANIC BT 2 OEERERE (WEREA, WKEHF R
EHETTE)
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22 Frontal view of tooth movement pathways (Sub.A , anterior tooth

X 23

(canine) loading)
RIEEENIC BT 2 EOEEERE (WEBREFA, HFEKENE
T ¥ )

Distance between left and right secondary coils and incisal point
transfer clenching in intercuspal position (Sub.A)

WERANM TORAKR LDOBICBITS ka4 )VRIIES L T
ek SR8 (HERZA)
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%3 Average magnitude of tooth movement

at the peak buccal cusp loading
SE BRI & T B AT ORI O 8 O & B O T3

Sub. A Sub. B Sub. C
D 218 208 380
(z m) (148 ~ 249) (161 ~ 262) (359 ~ 407)
X 114 123 261
(z m) (62 ~173) (79 ~ 133) (148 ~ 311)
y -94 - s -186
(x m) (=186 ~ =42 (—1 3R> <75} (—234 ~ —129)
|
Z 152 119 192
(u m) (95 ~193) (63 + 168 (156 ~ 240)
6 x -0.437 D415 -0.495
) (—~0.681—~ -0.103) (0481 -~ —0.387) (—0.658 ~ =.200)

6y —-0.369 —0.498 -0.774
) (-0.414 ~ -0.306) (-0.561 ~ -0.407) (-0.968 ~ —0.615)

D& 0.033 -0.013 —-0.034
) (=0.031 ~ 0.081) (-0.163 ~ 0.045) (-0.111 ~ 0.016)
F 20.0 Fa 23.4
(kgf) o (LEE—~2138] (19.9 ~ 22.5) (18°7 ~ 2519)
D/F 10.9 9.6 16.4
(u m/kgf) (7.7 ~12.4) (78116 (139 18,3)
n 8 i 6

Average ( Range )

B i,
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4 Average magnitude of tooth movement

at the peak palatal cusp loading
HEIE SR A 77 B AT B KR OO Bk O & B O -4l

Sub. A Sub. B Sub. C
D 85 87 142
el (63 ~ 175) (63 ~ 105) (83 ~ 185)
X 66 73 106
it (27 ~ 117) (62 ~ 92) (59 ~ 155)
y 49 12 61
(u m) (14 ~ 126) (-60 ~ 47) (20 ~ 129)
}
2 1 16 57
s 110 (435 ~19) (=53 ~63) (=13 = 148
9 x 0.175 0.211 0.298
) (0.120 ~ 0.218) (0.110 ~ 0.297) (0.212 ~ 0.388)
6y ~0.199 ~0.480 ~0.557 ]
) (-0.259 ~ -0.138) (-0.583 ~ —0.421) (-0.686 ~ —0.333) |
g z -0.207 ~0.238 ~ (164 i
) (-0.234 ~ -0.169) (-0.283 ~ —0.204) (0.210 ~ —0.115) ’
F 20.1 20.6 24.0 J
(kgf) (18.8 ~ 21.9) (19.2 ~ 22.3) (19.3 ~ 28.1)
D/F 4.3 4.2 6.0
| - (3.0 ~ 8.5) (3.2 ~ 5.5) (3.9 ~ 8.2)
n 11 10 9

Average ( Range )

_ I,;



%5 Average magnitude of tooth movement

at the peak central fossa loading
s AT H SR A BT B KR OO B O E B D fE

Sub. A Sub. B Sub. C

D 130 139 158
(u m (95 ~ 156) (107 ~ 192) (78 ~ 272)

x 113 115 100
o (85 ~ 148) (93 ~ 133) (45 ~ 153)

y =25 -46 69
i (-1 ~-42) (-20 ~~101) (1~ 168)
i

2 57 60 82
(u m) (35 ~ 81) (37 ~ 94) (10 ~ 183)
0 x -0.024 ~0.051 0.089 1

) (=0.075 ~ 0.024)

(=0.179 ~ 0.044)

(0.020 ~ 0.200)

Py SIS —-

0y -0.236 -0.572 =0,625

) (-0.289 ~ -0.172) (-0.649 ~ —-0.519) (-0.744 ~ -0.516)

¢z -0.116 -0.163 -0.142

) (-0.155 ~ -0.098) (-0.298 ~ -0.089) (-0.239 ~—-0.087)

F 20.4 20.5 22.8

(kgf) (17.8 ~ 22.4) [(18.7==2L8) (20.4 ~ 25.1)
D/F 6.4 6.8 6.8 {
(1 m/kgf) (5.4 ~7.6) il =87} (3.8 ~11.5)

n 11 6 8

Average ( Range )

- ;



# 6 Average magnitude of tooth movement

at the peak anterior tooth (canine) loading
B A 1 BT i K OB OEB) O T (E

Sub. A Sub. B Sub. C
D 198 158 242
(2 m) (108 ~ 198) (131 ~ 189) (138 ~ 495)
X 88 131 109
Pl (54 ~ 159) (84 ~ 182) (37 ~ 251)
v =33 — 67 =i B
e (-88 ~ 171) (=~ D5~ ) (=78~ =871)
!
p 35 21 130
(1 m) (—69 ~ 93) (=52 ~ 60) (79 ~ 210)
0 x ~0.027 -0.158 ~0.110 .
) (-0.088 ~ —0.005) (-0.238~ 0.027) (-0.178 ~ —0.034) ;
gy ~0.159 ~0.525 ~0.409 ;
) (-0.217 ~ 0.010) (-0.601 ~ —0.458) (-0.474 ~ —0.293) }
0 2 0.050 -0.079 ~0.086 [
) (-0.010 ~0.071)  (-0.198 ~ -0.033) (~0.093 ~ 0.022) i
i
F 12.4 16.4 22.2 }
(kef) (8.8 ~ 14.1) (13.7 ~ 18.3) (16.6 ~ 24.8)
D/F 113 9.6 11.1
(1 m/kef) (8.3 ~ 22.4) (7.6 ~ 10.7) (5.6 ~ 21.4)
n 11 9 i1

Average ( Range )
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9  Tooth movement during buccal cusp loading ( Sub. A)
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[11 Tooth movement during palatal cusp loading ( Sub. A )
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K13 Tooth movement during central fossa loading ( Sub. A)
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X|15 Tooth movement during anterior tooth ( canine ) loading ( Sub. A )
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17 Mandibular movement during buccal cusp loading (Sub. A)
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[X|23 Distance between left and right secondary coils and incisal

point transfer clenching in intercuspal position (Sub. A)
Ds . Distance between left and right secondary coils
Di, x ~ 0 z : mandibular movement at incisal point
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