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Measurement of Rehabilitation and Modeling of MP Joint by Spring Element in Consideration of

inertia for Rheumatoid Arthritis.
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Abstract: Rheumatoid arthritis (RA) patients in Japan are about eight hundred thousand. 80-90% of RA patients develop
to the hands and wrist. When developing these, causing the dislocation and deformation of the finger. As treatment for
subluxation due to RA, there is a rehabilitation by hand therapy, but therapist is not enough. Therefore a device for
rehabilitation of thumb MP joint subluxation has been developed. To improve the device, it is necessary to clear the
dynamics of hand therapy. Therefore, the authors tried to measurement two kind of rehabilitation by using motion capture
and contact force sensor, and we will try develop the simulation function model for curative effect evaluations of hand
therapy for RA. To develop simulation model, we think method of modeling of joint in rehabilitation and estimating the
model parameters using measured data and inertia data from skeleton model scaling per subject in SIMM.

Key Words: Biomechanics, Rehabilitation, Measurement, Modeling

1. &5

HAREMWNIZIZA 80 HAORETI ) v~FRENLBYOD, &
@80-90%2»3‘:#5 CHIELTWDHO, B U U~ F I3 R
DEREIZLDBEENS, FHREE L EOBERELZ 5| X
EZITHRETHD. BUERARNZRIGEIET e, BRAE
PATORTWDS. Ny FEITE—IZED I T —v 3
NEE IR Y A7 OIRIFEETH DR, MR & S
LTS, L, BEOEBERE (KD, &) Ok
SEANDAFEREE VS T-ERN S T-. FD=, H
ETHARER P TR (MP) BEIHEMEHAY N Y F—
a VEBEBORRBRNEBELZINZO. ZoOBRRICYTZY, v
RETE—% A A= ANBREENE, TOIFE
fEMNT T D2 EMMEL o=, F2 T, RWETIIANV R
tIb—%ET—vardyTFyr—LRENE Y TR
L, ZOFHMEN GBSOV ANEVET AL EBRTH. 5
ENE, TSIMM | X D H#EE LT HEOEME T A—2E2H\5

2. BEiUORFICKBERBEASIUVZEDUNEY
2-1 BAEIY T F@

BEET Y v~ I, BEMICBEEOREZaEL, BEE2R
BL, WRIE, WETmREeaL, EEiaERE R
SHTRAETDEVIFEEFF-TRBTHS. BEFHY v
~F Tk MP B & FRETABRIICR S, EERL A
FBOBRAZLE > RUMBAL A T0 ) v~ FHEER OB TH
5. BUERER A REf S & 1Rk & LU CRpIRE, TN
B, "N REIFE—ICEBUANEYT—TarBnbhb.

2-2 BEEMP EEERERBICE TSN\ FESE—
L E &I E OB O —EEM L TW A REONEH %

fBL, ®b< EOUNE VBT TV D EEFEO

MP B8 & 50l WLL% IEERMEICETEETH D.
HEEEEFL B amcEMANC RS T8 505 5.

3. UNEEEEA
3-1 n-l— /ﬁ“ % 3"3 J: Un'i' /EII IE
Eagle Digital Real Time System (MotionAnalysis ) % fifi

HALiE—vardxy7Fry—Iickv, Ve EOgER
FORBESLEZ A NOERANFRZHEI L., 2O
DA ATIX8 A, KF~—HT 4mm|DO L 0% 12 EFHL
7o, F7z, B PR MREREFICEX SERANIORE I %
oM Y (7 7 HIRE) COEHER L, 3l L.
ZO'UITREOREEICIN G b L&, RSN
R U CATHIANCER T2 E 2R L, WO 03 A
TVl L 0B GERRD)) EHEELH T 5%ETH
5. AEBEIIHUAMCERAOKRERE Y 7 hv=TIL5
Fy T L—a TS,

32 Rgtv—HhiuE
T—var¥y I I —IC R VIEEBEEZ RN 501,
Kt~ —h 2 WHREBLI O T R FORICAAT L. B
FHTIIARBEDOALHED W 2 Lz, #ERE OfH FRHEIC
I 1@ Y 9 fHo~—DEBRE L. ~—hiTFhZ
NH T EOWEMNC 2 (Pus, Pusp), FEiE EOEH
WZ 1M (Pep), FFEHO MP BEEIEI, EEIEOSPRE, BHE
fil (1P) BAEiO WM 2 (83> (Pupi, Pup2, Prepi, Pera,

(a) Subject
Fig. 1 Position of markers.

(b) Therapist

(a) Stop

(b) Traction
Fig. 2 Rehabilitation.

(c) Push (d) Return



Pipi, Pip) BREL7Z. T R MIZX 1(b)D & 51Tk
21 (Prp), BV EIC2M (Psi, Ps) BEELZ. 2
D, E# PsiPs: DAREBENII AT, 22D Pa NHEEH L
DE 2325 LX) ICEE L.

3-3 FHBIAEE L UEAIEZHE
AFHAIITIEM 2 D LS5 e EEL S IEB{E@), #
SIEE®D), 7 LEMEC), K LEME)D 4 BfEICo 072, &t

BNEFESIH Y O U e Y & LT(a)3[s]-(b)3[s]-(c)3[s]-(d)3[s],

#5172 L & LT (a)6[s]-(e)3[s]-(d)3[s]D ¥ A 7 L% 5 [a] 1 3k
17 (60[s]) & LT 284T1T-o7=. A& b iz b
FEEZEEL, EBREOLFRHE, R CHBRE O 1P B
ZEE L, EfiE FEICEREOLFRIEEZIRAIRED
LEHAIBAA L. b 2 MOBER M E 104 (B9
&, M1 &, 21-24 5%) okt LTITY, Bk dERE T
HTY T L— K 200[Hz] CRAEAIL7=. 7272 L, AW
DODINEVITEIEX N (BRE) OfRfbYIZ, EMMOE
WEZIT2AE (BBAL, ERE) MERLZLOTH
5. Flm, REBNFIEIRELKRFED TANEXG LT D0
78] OfEEAmIEG, SERENOEEEZ - LE
LTW53.

3-4 BEREBEBDEETIL

L7z~ —HE LY, BETVEERTS. EHE
AR T 27208, f~—hhb 485N TH. £,
(@)D & 512 2 58 (Pire, Purc) VX IP, MP BAEi o> i o>
~—7% (Pip1, P2, Puri, Pup2) O ELTHEHLT.
ZDLE,=0TO2AMESEZEMERL & Lz RIZ,
EHEFE#OTNERHET D Prec ZHMT 5. Z O8I HIH
PLE DI Pppt, P O E LTHEHHL, BWEFROMET
K3b)DEIIZt=0TDPepHEDORT ML iE U E
VEMERFORETIFOML EIFAE 0 SRS E7-xs hr
MEHOCTEHLZ.

Popc=Ppp+V, , (V,=RWV) (D

Z 2T, RIFFEEEITHICTHD. K ETIE R R TH
B, t =0 TOXY M)V PipcPpp & t =t TOXY bL
PipcPpp 5 72 5 TH OIERRR T bV % [BlfR & L C RS

Prrc(f=0)

(b) Prrc
Fig. 3 Calculate link model.

LIFE2015 201549 H 7 H—9 H & (JUNEZEKRZE)

SR EREHEETo TS, ZoFEEICLY, ML
FHZAECLDIEBOTHOEEL KK L. %0 1 813X
7 NIV PipcPppc D BNLAR T N VICEEI T E L 20 T2~
MVSGy, B PpchDRBEILIZRE L TR L.

Pypc = Pppp + 1L (PIPCP PPC/ |P1pCP PPCl) )

S5z, FPREEERHET D720, Pusc % PupinbH7
sV PugpPupc BB L= & LCHH L. Zhick b,
Ry PrecPypp D3 H5H1E B, B R PurcPusc D W T B #l, Prec,
Pype DSEARIHL, AR PieiPip2, PupiPup2 73 B HH  (E Hh/
) & LTHEIHTE 5.

35 ERAARNY MLBLKUVERAR

AR LIz~ —BEICLY, (EAAFMBLY, EAA
ERMTS. T, A EREICH LEEIEHL TS &
RE L. ZDe®d, Prp Y, HEH PaPs ([FEATRE
B ENDOEBR PoaPe S ER PP \ZHEEIZ/R DM E LTE
AR PcEHEH LI, Z0L&ED, PoPcMER I FRITH
D, ZOBMRT bRV HEAIORE L TER N
7 NVERH L.

3-6 FHAIKER

SHHGE B (Subject A DEB|Z2 L, = 20[s]% X 4 1T7RL
7. RHIER LY, #BEICL -, fERAADRY Fse
ZOML EToNDERENRRR->TNDZ R LN
Rot. FORED, N KRBT E—0OhFEEBERT DI
WHREZ L OBEEIRES BRI HLENELZ. £, %Kik 4-4
DFERETNA~DATTBNT, Pup lZTHRAEL D 0]
REMEZN B S 772, FIHHME o 1P BIifh & MP BIifil X 7
1ITCTHDEREL, 50K 9 IZEHEITHI A {ERR L, #i1E
EATo0=. 20, 3-4 ORET N EIIHEL D Pup’
ERER L7,

4. YNEYEERO MP EFTOETILIL

4-1 BEIETIL

AL TIL, #HBREOREREEL RIS S L CBEEO
ETMEEE Z 2. U B VEETIE, EFHFIChEnz
L ETF72%, TOMBEIZRA ) ETHERRS D129,
BEICIIE T BEET D, 22T, KR TIEAARER
WWEWETHEHFERTE U AEYMEHTT LVARHELT.
EFEK 6 D X H i, —dE MP B L (Peo), © 9

j— Furce vector
e Bome axis
@  Joint (IPAFP)
- = Joint axis
== Spring
I v Pointof action
=== Therapist's bone
I
1]
-10
-20
=30
40
g 10
Cl % 10 -
20 S ?
¥ [mm] -30 -3
A0 20 -15 + [mm]

Fig. 4 Measurement result (Subject A, ¢ = 20[s]).



Fig. 6 One spring model in rehabilitation.
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Fig. 7 Geometrical figure of one spring model.
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Fig. 8 Data plot for Subject A.
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Fig. 9 Data plot for Subject E.



Table 1 Subject A’s data from least squares method.

Type Trial k B R!
1 1.58 -38.8 091
Mo traction
2 136 | 318 | 085
1 1.1 -26.5 091
Traction

2 L7 | -123 | 082

Table 2 Subject E’s data from least squares method.

344 | 0N
Mo traction
2 270 | -36.7 0.77
1 a4 | -328 0.85
Traction
2 3497 48735 0.88

Table 3 Spring constant per subject.

Spring constant [N/mm]

Subject | MNo traction Traction
A 1.59 1.73
B 0.73 104
C 0.84 0.83
D 142 1534
E 2.67 479
F 1.35 194
G 11 2.57
H 1.64 249
I 122 184
J 123 121
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Fig. 10 Rehabilitation in SIMM (Subject A, ¢ = 20[s]).
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Fig. 11 Joint reaction moment in MP joint.
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