Verification of the rehabilitation effect for wrist
contracture by dynamic analysis of carpals
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Abstract

Distal radius bone fracture is major disease for elderly people. As its cure needs fixing the wrist for long time, the wrist often
stiffens up and the range of its motion tends to be restricted, which is generally called “contracture”. As the contracture
interferes with their daily life, the speedy improvement of the contracture are strongly required. Thus, the rehabilitation of the
wrist joint is necessary. Recently, the traction of the maniphalanx during flexing and extending the wrist joint is considered to
be efficient as the rehabilitation procedure. However, the recovering mechanism by the traction is not clear. The investigation
of its mechanism will improve the rehabilitation procedure and be available for development of rehabilitation equipment.
However adjusting the magnitude and direction of the traction force to the maniphalanx applied manually during such
rehabilitation procedure is almost impossible. Thus, we developed a rehabilitation equipment for the investigation. The
equipment mainly consists of a wrist traction device and a round-rail base. The wrist traction device can pull maniphalanx
toward finger direction by constant weights, and slide roundly. Thus, the equipment can applied the constant traction force to
the wrist during flexing and extending the wrist joint. By the equipment, the dynamic motion of carpals in the wrist is
observed by X-ray photography. As a result, it is found that the displacement range of radius - lunate joint (R-L joint) is
extended by the traction. Namely, if R-L joint suffers contracture highly, the discussed rehabilitation procedure well moves
R-L joint and can improve its movability.
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KRR 5 2 &2, ZHUC LY, PAEIO FIEREETH AR X AVIE R 22 [ EEE T DT LES. 2o
£ 9 7B A ke & PES(EEH, 1992).

TFRAGICHESE U D &, FaMEB X O #h S8 2 15 RES O afEiFusH 2 D L, BEIcsiT 28~
RENMEIC G A & 729, RIS E T D EE S TR BT 2R EM YT, mlnE O 4 KEHro—o
(IFR, 1996) & SN TERY, EFEIRHCITAE DL R EEIZR 2 & TAEL D, FREEMHEOBINIZ O X 5 I84ER
DEN D ZAZ AR ATE~OBENRRKE . 20720, FRBOWMMEZEEIEFREDO I ) T—2a LR
HCFESE D Z ENEEND (E P, 2010) (A%, Rc, 2005)CkAikift, 2013).

FRIMIOEENL, TS TR & FARPRBEfiOEER OFf L LTAET S (FEE, tRoc, 2005). Zihh 2 D
ORI ENENOFREEHREOE X 23T HIETOEIE T H 5% 5-RITITRHEA 72 BB FE LES, o,
2005) (4Ff, 1987), U EY T — g o CIIEBEOREZSE L T, FHRLIEFICT LI ENEETH L (1R
B, 2003). UL, HHICFEEL2 ) AE Y F—a 0 TEESE L7210 TIE, W00 Z 3 12 E
HIEONDIENHY, WRRIEEMT 2V E LB, ERICL > XA L W2 BEgcaEE 5 2 C
LEY. £oT, UNEDT—3a Tl JEFNTE U TAREE 2 2R E R S5 X 9 I+ 5 2 & e
FAL5 (FRiEfth, 2003)(Werner, et al., 2004). $il 21X, FARPIEIH 2 DRI EREBI S 2 U 7T — g
ELT, ¥—EE LD ICTFHEELZESE DERE~NEE S5, ¥ —Y 2n—E#OIHRRE ST
VN5 (Werner, et al., 2004) (Haiiifth, 2013). [FHEENC L, HRESERS FREHSMITH 554, FMEEIcaHz
TN, BN PFRAPREHFO VALY F—a v EITH R ENFREE 72 5.

[ U < FRESOWHEZ I BAICLET ALY T—a b LT, FRNICTE 2T hm~ES| L2 ikiE
CHLENAY | Ay S & fafiT 3 2 fE TR R RISt B IEE N B S Av(EF i, 2010) (ZHIfth, 2013), FEEE
(B O ATEhE A RN [EHE S 2R HEER S TV D (B, 2010).

IO XD RFEG|INFREENC KT THEL UL, TSk T 2 8MOES 2 X 2O L3 HIE ST
WD (B, 2010) (Guntern, et al., 2011)( Leventhal, et al., 2010). B & 1355 12 X 0 BIEE OB RS EHrE~D
AR L TODDOTIIZRWOMNEHEI L TWA 2, FEIITIH SN STV EFHfl, 2010).

#5112 X 2 TR OWfE SR 2 BR 2720, TREEEROBEEE T TR, EIITICRT 248
OIEE LN T 20BN G S, LovL, #o| LIOIREEICER T 2 FRESOBMEARIE L, ZOiE#i% 55217
Bl E DT\, Ishikawa HITBEAZ AWV EBRIC LY, E5 DN TR OEEEERIC 5 2 8O T
EL, ESI MG, TREEEEHITIEES M & 13R85 %8 273 2 & &M L 7= (Ishikawa, et al., 1999).
UL, BRCIERRDEEHE2 RS2 EN O PHEND. 2T, EELOROEBLAICL ST, EiRExis:
(L TLOREFICE Y FEEZES| LIRE COEGEERCI T 2 FRETEHOBELZIE L, E5IZ ko> T
B TARBIEN 2 2h B TER) S8 DD ATREME A2 MRS L7 (2 Hifth, 2013). Z25| L7e2d & OEYEEE NS, e T
FRBIE A2 WA EE S & 5 O ThIuL, [FIED IR PR OMHEN PR LB L 0 A CTh 2% A e L
2T DAY N T—a ke, LL, LLEORIE Tl s o5 | 11053 A s o
TR & RN Ko TR E =729, HffiHIcE s [ &2 —BITRO I &R0, £z, ZTORE SXH M % EMEICH
LY, RERNTES LT HZEIIRETH 2. 2D, FlEHToE B Ml 72225 110
BENIAR T4 Th - 1= (% Hfth, 2013).

Z ZCAERSUTIE, #5113 KOS | 2 Ji%E U 7= ) FBIfE thsh 51y T i Eh 23 520t vl RE 70 2518 4 9
5. FEEZAWCTUED Y AU 7= 3 V2TV, 0L XOFEEHOE#HNZ X G s L TiRET 5.
35107 XRREm g & AV C R 2R S 5 FARE OBREMENT 2179 Z & C, RUANE U T — 3 2L 5%)
BEWALMNCT D, RS, UAEYTF—3 g 00 LEES 178 E OS2 T 5.

72¥, AFwSCTCIHIMET DRPEICE L CIEBIRKFEAHIELEER)D 201249 A 19 BITKREZF TN D,

2. {hEVEEEESIC & SFESEREYNE)T—2a Y
21 FHFOEE L ER
FFOTFEIENCEE U CIEH (F{ANF & OMliE RS AR 72X 117 . FREENIRlE OB E (Radius)
& RE(Ulnar), 8 O E TS LD FIRE, X 5ICFTH (Metacarpal) 2 SRR S 5. FPARVEITTIeM E7-
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VRN & - T 2 IS S, Bl 1 KZEE (Trapezium), 2:/NE 1 (Trapezoid), 3: A EHE (Capitate)
BELO4 : HEyE (Hamate) D 4 S & m(rFFARE, AiBEIO 5« fRE (Scaphoid), 6 : AMRE (Lunate), 7: =fF
(Triquetrum)3 XY 8 : FRE (Pisiform)d 4 - Z U4 AV & FES.

\) Flexion Extension
2& N 2 (™
1:Trapezium N
Met I 2:T id AR
etacarpa : Trapezoi \\b /// 5,
3:Capitate NS , <
f - C-L joint \ 4:Hamate \ \’ X FIEXIOQI;ZT;%S'O”
=\ o N 5: Scaphoid N
/Q R-L::mt \,./ 6: Lunate
Radius 7:Triquetrum
Ulnar 8:Pisiform

Neutral position

Fig. 1 Structure of wrist Fig. 2 Flexion and extension of wrist

Flexion Neutral Extension

Fig. 3 Rehabilitation for wrist contracture. A therapist gives flexion and extension of the wrist joint with pulling the maniphalanx
toward finger direction.

FRAMNCIE, BEE - R &ERFIFARE & ORI OBES FREEI(R-L BAEN), T8I FARE &S5 FARE & D
M OFARPRBIE(C-L BAER), SEAHIFARE & hFE & OMOFRPFEESNEET S, FESZMmE» S 7
Bt, gL 6 ARG A2 RN R-L BAE, 6: AME & 3 AUEE 23BN C-L B, AE L HTE
DT BN FRPFRESICHY T L. 205 b, FRAPFEESIITATEIER 20 &t ST (FRif,
2003), FRIFIOEYEIEE)T R-L il L O C-L B, T72bb, FREOEE TR I TWH(EE, R,
2005). L7=23-TC, BIfEDOIU A E Y T— 3 Tl R-L BB IO C-L BEiOFELENA L2 5.

22 HEFHFEAShERERESOME

FREAOWFEEZI Y AT T— g & LTI 2 (R X 9 IS TR 285012 2 i (Flexion), FRIAL
(Neutral), 5JE (Extension) & fENEZ A i~ = L 28— TH 5. 72k, Afh L CTIEELYEEBEED T & O th
JEEK 2 IR T X HICERL, FRHNE 0 deg & LCHEMAIEE TS, U TF—r g VRHCE, Aificl
N7z 2 DO ERINZE T Z ENENE e D, EEE N EEIREE AT 955G, FRIEI SR 20
(2395 R-L BIEIR L O C-L BEfi =i i fa B OEIG (LI, F5REFEMNUIMFEAZETIH D0, —E
OEMAH Y, FEEFZIE C-L i EF 5 R0 Em <, R R-LBSOEERNE L 2D EHESh TS
(FRaBfth, 2003). 7-72L, BAEDKIEIZLY, —HOMEISRIIMENEL L ZER3H L. TO5E, Ml
JESEEN I & > THIREAVAE U0 WO B &2 K 0 8hd 2 EAVE IR O BHIEE I3 5. ek X 51z, C-L
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B a2 BN ERER XD Ve Y T— 3 & LTE, ¥ —Y 2 a— @O AR S0 % (Werner, et
al., 2004) (krikifth, 2013).

Lo E%kES &3 A ETFR R B S EEEN L, 31T L O ITEELR, wteFHo Bt L < 3FiA E
EL, I, ZOFEBIOFEEMFF L TES L) s, FREMIZEGEANCEE, AL, W &
EhiEE) A i3 2 & C(EFHth, 2010) (25, 2013), R-L BARIO A G4 N &5 Z & ZHiRF L T2 (% Hifth,
2013). ZAUZ XY, FEEIZIS Uz M R OMBIE R LGS LB 2 T 5.

3. X#RERUNEYT—a VEE

AFRSCTI, #BI & —BIRH 2203 & BEIMEO B\ VESJEIES 2 9858 (Che L C, Bl HESIRE O TR
BOZEEE X iR L, RLBESOHFEGROBILEMRTHELEHIL, EBNORELHOLNNITH. £27T,
KGO TE, i) L7OREET, 2O FEE —ED 1B L OFMIIES| Leh b E T EER) % 5 2
5D ENARERRX 4\ ORTIEEARUWE L2, REEENL, EIChiBEEE, MIGESN S A R, TG L O%E
FEAE DRSNS, FHES R L OSSR A 1T INEE A A R RIS E STV D. X5 I 2~ &
\Z, HBEEEE CRili 2 L, FHEDIICR T -EE R TREL G5, FEEEEIVA Y2 LT
ERICEBANTRY, MOMEICEY, —CEOMMECTFEEi2ET5. ZOWRET, FHEIIMB X OERH
B2 HIGEE Y A R CIE S5 2 8T, TREEEES] Laes b OMshsE EEdh %17 .

HEEOT MRS LT, %5 0~100 N OFiPHIZI T 5N BIBE CORRIENAIRETH v, TR Hh /4 K
-85~85 deg D HIFH CEHEEN N AIRETH H. 728, X IR X RO BEHEE JOWER Y 2 M L7euv X
9, ALEBIIRBEHENL T d 2 FRIEL D 22— 2 228 =M & e o TV D, REEEICIR 2 o 2e
I X M A S A B E T 5.

Hand fixation device

Round-rail

968[mm]

Forearm fixation device . . —| :
X-ray detective device %7—

Fig. 4 Rehabilitation equipment for X-ray photography. Hand is fixed by the hand fixation device and is pulled by constant weight
through wire. The hand fixation device swings along the rail base to give the flexion and extension motion of the wrist.

4. XEEBERAVNEYT—Y 3 VEBIZXPERE S UFIREBIERITOA X
4-1 EEAE
FERO KOS TOR BRI D HH RO 2 MEET 5720, HEHIZ UV AE YT — g VIR BEL T
FRIEN ZFELTH BWIE L7-EABEIC, #| A2 25N & LT3 TRYE L /-3 EIC L 2 ER AT 72,
F72, BOGGR LT HIEEFRRETOREEGH720, EF|[ )& ON & LI2EREEREI T 7. EBROEL%

[DOI: 10.1299/transjsme.2014smmO000x]



5IT/RT. BRI L RRIEN RO 220 MELH 72 BME 20 44 (20~30 iR, SPRIAFHD 27.0 i, FEVE(RZE 4.155%) 2 %)
gl L, FREELZIEES EITETMRIBIC L2 O HEB 21TV, 2 OBEOFARG O#EE) 2 X #rEhmi & L
THRsE Uiz, S s, PRI OREZBlGE L, 1E, FIEONATE il 460 deg OHiH T 1118 S+
7o, 7ok, VIHEORFMIZHA 20sec & L7z,

(a) Neutral (b) Extension (c) Flexion

Fig.5 Rehabilitation experiment by the rehabilitation equipment for X-ray photography. Hand is fixed by the hand fixation device
and is pulled by constant weight through wire. The hand fixation device swings along the rail base to give the flexion and
extension motion of the wrist.

X MR, X #3e4dEE & LT TOSHIBA ROTANODE %, X i Hi%EE & LT Canon CXDI-50RF % fH L
7o X R T B4 4] FPD(Flat Panel Detector) 235 5# S TR Y, FrIEEIE 7215 C7r < BhEiG & #RE rTHE
ThHDH. XHREEGORESLMITEET 48KV, &EH 04 mAs, REEEE1m, BhEiIX 12 bit 7' L—2 7 —L
THAL, = MU w27 244 XF 1024x1024 pixels, v 7 B4 A X2 0.16 mm & L7-. HREEHFRIT 20 sec, ki
L— M 2 framefsec & L, &t 40 D5 722 X SREhEi 4 4 Bvs L7-.

4-2 BIEAEOREAE

X FRENE 41X 2 F Eif%: DICOM(Digital Imaging and Communication in Medicing)fE=UCHUS L, & HEiGALEE Y 7
bk Image J 12 X W ENREMRIT 21T 5. X 6 12BZ~T K 912, S o= TBEEMHTo X REhmEgicksune, By,
AREBIOFFEFOBBICERT 5. AREIEMSIFRE IS T2, AIRE & BEE O/ 4R
ZAIE 2-1 Hi Gk~ 7z R-L BEfIOAEE 2R L, £, GBI TFREICOEINL =D, AT & A
W ORI 72 M4 B LIEFRRIC C-L B0 M EE b A ~d. 72720, Jeiko LY, FiEE & HFEOMOTF
R FRAEN I RTEMEA e\ oD, RFE & AR ORI e A B2 X C-L BIEi DM 2 ITH Y 3 5.

22T, HFEEFOLUMIEICET 2857 1, FRE OREAEFEATZRROTER m-m, BEE OA NI ICHE 2
BN ZREL, K7TIRTEICHE nnDed A2 FEREOBMAEL L, n-né mmD72T A% R-L
B, m-m'& D794 C-L BAEMAE & LBHGIRITIC & > CIIET % (L Hfth, 2013)(454f, 1987).

I m n

C-L joint angle
Metacarpal
Capitate Wrist angle
Lunate |
Radius R-L joint angle
m

n

Fig. 6 X-ray photograph Fig. 7 Measurement of each joint angle
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(2]
o

I I
! ! — Approximation straight line  —
40 | f |
I j ---- R-Ljoint (O N, flexion)
= 20 : ---- R-Ljoint (O N, extension)
S, i — R-Ljoint (25N, flexion)
o I o,
g 0 . jli' = — R-Ljoint (25 N, extension)
E & C-Ljoint (O N, flexion)
S 90 9° I R-L joint(0 N) . .
I o R-L joint(25 N) ---- C-Ljoint (O N, extension)
PY s - C-L joint (25 N, flexion)
10 0¥ ! i C-L Joint(O ) —— C-Ljoint (25 N, extension)
! © C-L join{(25 N) ) '

-60 ' :
-60 40 -20 0 20 40 60

Flexion Wrist angle[deg] Extension

Fig.8 Changes in joint angles with traction force: 0 and 25 N. The gradient of the linear approximated equation of the measured
results is equal to the contribution ratio of each joint angle. In the range of the flexion, the contribution ratio of R-L joint
angle increases.

4-3 BEEOQOHEHAE

XARBIE D 515 O - T iE 2RO A BRIk % R-L Bfid L OV C-L BSioJE#h A A ksl & LT
PR 1 4 (23 i) DIEFEBIRAES L OFES MIREBEORIER R A K 8 1T, 7ods, BlliXFE2EORAE TH
0, e R-L B AR KOV C-L i E DA R, FEESAEOERIIN 2 BLI O 7TIRLZEBY TH
D, 0deg BT ~DHELRIEEL LTELTND.

RRLEFTHIANEY T —2 a3 v ORIE, TFEREOREIT 28 EOELEIA Th 5 F5R M,
2003) CaHli 5. 7ok, EBEOUAEY F— 3 0Tl BERAMEBEIZHEZWE DI, TEEhAE
%-40~40 deg DFIFA & L CHuEhEE) 2 Jiid- = L 3%\, £ 2T, AGRSCTIHRIE Z1T - 72-60~60 deg DFIFHA>
5-40~40 deg OFEFHZ I L CTRIT A T o 72, S HIC, i T H il & CT&7-40~0 deg OFEFHZE, 0
~40 deg DFIFHZEH L L, TNENOFHETHFGEREZRH L. F5ROEMITX 8173 X 5 1A BfifA L
OREME, FEiRt L ONEOHFI T/ IREIC X VEELIL, BNl XoME & Lkoiz. Tl
EROMEE I T E 2RO EMAE 1 deg 2729 @ R-L B L O C-L Bz nomih DOz /Ry 2 &
272V, FESEOEIIIKT 54 B0 5RO FEMEICH S T 5.

5. REBMRBEIUVESIDRICET IBER

BeBRAE 20 £k HMIE LV, 4FEOFIETH LN EY M, BERS X OYEROEF 5RO VFEEE
X 9(a), (b)FBLVQICENTIVRT. AL TlET 7 —N\—CHEMEFZEZ R~ T, £/, TEmilifAE3-40~40 deg
OFIPH, HIEITFY 9 5-40~0 deg O#IFH, WIEIZAA4T 5 0~40 deg DHiFH TP R-L 33 LU C-L BAFi D FHERED
A b EE TN ENR LITRT.

FENZED RLBLOC-L BEFAEDFGROZLICE L CAEMRp 25 %e LTHRIEEZI T, Ok
BAEK 9 FITRd. £9°, FERERSNRETIIEROWIED &350 (W, 2003), FEERHC C-L B %5-R035 5
<, HERIT R-L BEEIOFEGRNE. EFEMZ5Z T, KIb)ITRT & 91T R-L BIFi D% 521347 10%H
MUABERENEL TS, £, K @I L 2 I22Amict R-L BfioFGRIIHML TWa. 72721,
B 9T L 91T, HHERFCIIFHELNCHB W TE R-L B0 FGHRITE <, FEINZ L D2FBEREINIA 7
A%
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#F1LY, RLEBIVC-L BEfiOAEZ M EIZEA LT, R-L BIFIEESNC L EBIZBW T T 5 deg FREE
AL RN, 58 TIIZEbITD 70, 40 deg DEFICKTT 5 5 deg DHIMNFERKRNZITED THY, *
72, THAICE ST 10 deg ZHBZ D NENIIETE B 2 &b, G| LA S OREFAIT-RESiith a1y i Esh X,

R-L BIfiOWMEUGED - DD Y Y F—2 g 0 L LTAITH S, F1-, EITHEly
R RFIZ B W TR NI Th © WHEERTI D720,

EIEE AT, K
L723- T, BHFHICIIES 21703, BEBLUWREL

DEHEGNZX 5 Z &b, ARRMEEE LTEALND.

OR-Ljoint OC-L joint

100
*k
. 80 |
= T
g 60 I i
E LT
S I T
|5 56,67 64201 |
© 2 i) 35.80
0 1 J
ON 25N

Traction force[N]

(a) Flexion-extension

OR-Ljoint OC-L joint

100
80 *%
g
o
£60 i I
5 Iy [ 1]
Sa | ] l
2 53.93 56.41
S | |4607 4359
0
ON 25N
Traction force[N]
(b) Flexion

OR-Ljoint OC-Ljoint

100
80
- T I
Z |
£60 | 1
S
29[ lesm| T e 1
S | L I
31.29 27.98
0 1 J
ON 25N

Traction force[N]

(c) Extension

Fig. 9 Contribution ratio of each joint with traction force: 0, 25 N [**p < 0.01, *p < 0.05]. The results were obtained from 20
subjects and evaluated by t-test. It was found that the contribution ration of R-L joint increases significantly especially in
the range of flexion by the traction of the wrist.

Table 1 Joint angle displacements [degree] at traction and non-traction: each cell shows mean value (standard deviation).
Wrist angle (-40°~40°) Flextion (-40°~0°) Extension (0°~40°)
R-L joint C-L joint R-L joint C-L joint R-L joint C-L joint
ON 45.4(6.3) 34.6(6.3) 17.5(6.1) 22.5(6.1) 27.9(3.7) 12.1(3.7)
25N 50.6(5.8) 29.4(5.8) 22.5(5.5) 17.5(5.5) 28.0(4.3) 12.0(4.3)
Variation 5.17(8.6) -5.17(8.6) | 5.00(8.2) | -500(8.2) | 0.17(5.7) | -0.17(5.7)
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6. ESNDRESOEEICETHIARESIUEE

61 MEBOES HICHT HEHTAES L UHFEFEDAIE

5 ®|ZRWTC, EFFREMBI EEEEENC IS T D FEIOMREMEE L=, L, FEBREML L-FES )
DORE S, BELICEDUANAE) T—2 g VEE LZIZROFES NHIE LETHY, 23 L by efE
TR G2 F2, FE DI 4 OIEEZFERIICFEEDO U Y T —2 3 VST 2 2 & bHEFZWILT
W5, [REEEZHOIUL, AL TIIREE, X0 K& 7eFES| ) COME TR TREEMBI LY JEiEE) b rTREIC /2 0
55.

2T, FHREMAICHT2ABEEOFSRICES NN RIETHELRGT D720, FEITEBORMER /2
Ve 8 44(20~60 1, “FXyiFln 36.2 %, IRUEMRZAE 13.9 %) 2 xi4 & L, #5714 0, 30k LU0 N D 3@ 124
S 4T L FERRICFRZIT o7, BIERIE LT, #RE 1428235 L Liz#5|/10, 30 3LV 50 N DIkt
D, FERIEOE A I3 5 A BIEI O il A B2 LA X 10 127 AR 15T L CRIERICH b aviohb
D, FEl D L 51T X AREHG OBIREMRNTIC X - TH B )IZI1T 5 R-L Bffids L O C-L BAEi DA B LA kKD
%HE iz, R-LBEMHiER LV C-L BEFiON 5% 5/ “HEIC LA MEEOBELLF R DR Lz

60
=)
S,
o
>
: g
= ®
£ ooy R-L joint(0 N)
S 20 R @ R-L joint(30 N)
N ® % ® R-L joint(50 N)
S @ C-L joint(0 N)
-40 e ® iy
7 d @ C-L joint(30 N)
e C-L joint(50 N)
-60
-60 -40 -20 0 20 40 60
Flexion Wrist angle[deg] Extension

Fig. 10 Changes in joint angles with traction force: 0, 30 and 50 N. The differences between the results with traction force of 30 N
and those of 50 N are relatively small compared with the results of O N.

6-2 BIERRBLUEER

Wil 8 A4kt LT b, SR AR, EHRES L O RRFO R HR O & R A% 11(a), (b)
BIOOWRT. 512, FEEAhfAEA-40~40 deg DFFH, FEJHITHHY 9% -40~0 deg DEPH, 5HICHH2Y 9
% 0~40 deg DHIPFH TP R-L 38 L C-L BIEI DEFE DA LA A K 2 [IZENEIURT .

U EORERLI Y, EHORE SPEEEOFGRICKTTHELELRT S, M1 LY, #E5HE 0 NS
0N IZHIINS 5 Z & CR-L i HGRNEEESAE TR 8% L, F£7=, FRIERRECORIME R I
THVY, 5FEIELC L BRI E S NEREE SR S, LvL, 512330 N & 50 N D4 OfER % ik
T5HE, O LT R-L BEfiO%F G5 ROBIMTEEREE TR 3 %E/hIv. FR, ERFHICBIT 5 R-L
BEEN DR GROEIIL, EFI A ON S 30N ITHIINLI-5A, F14% EH425 2 LiaxtL, #5123 30N »»
5 50 N (ZHIIN L 7235800, K9 4 %D EF LK
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Fig. 11 Contribution ratio of each joint in the experiment (traction force: 0, 30, 50 N) [**p < 0.01, *p < 0.05]. The data were
obtained from 8 subjects and evaluated by t-test. The results denote larger traction force is not always effective for the
rehabilitation of wrist.
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Table2  Joint angle displacements [degree] with the traction force: each cell shows mean value (standard deviation).

Wrist angle (-40°~40°) Flextion (-40°~0°) Extension (0°~40°)
R-L joint C-L joint R-L joint C-L joint R-L joint C-L joint
ON 48.3 (7.6) 31.7 (7.6) 19.5 (4.0) 20.5(4.0) 28.2(3.7) 11.8 (3.7)
30N 54.2 (5.4) 25.8 (5.4) 23.7(5.3) 16.3 (5.3) 30.5(2.8) 9.5(2.8
50N 52.8 (7.2) 271.2(71.2) 24.7 (4.9) 15.3 (4.9) 27.5(5.0) 12.5 (5.0)
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