Verification of the influence of traction on wrist
joint motion to improve the contracture by MRI
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Abstract

Convalescence of distal radius bone fracture, which is major disease for elderly people, requires speedy improvement of the
contracture for wrist joint angles. The contracture is the case that wrists stiffen up and the range of their motion tends to be
restricted by fixing them for long time after bone fracture. Recently, traction of the wrist during flexing and extending the
wrist joint is considered to be efficient as the rehabilitation procedure. Previously, we developed an equipment that can apply
the constant traction force to the wrist during flexing and extending the wrist joint. By using the equipment, we observed the
dynamic motion of carpals in the wrist by radiography and found that the ratio of displacement of radius - lunate joint (R-L
joint) to that of wrist angle increases by the traction. However, as the obtained images by radiography were not so clear and 2
dimensional data by projecting the texture of carpal, the displacement and rotation of carpal couldn’t be measured precisely.
We have developed a new equipment that can hold a wrist joint being pulled at flexion or extension posture for MRI
photography. MRI can take detail 3 dimensional images. By using the equipment, the study reveals that lunar, which
constitutes R-L joint as a major carpel, rotates by traction of the wrist and its rotation extends the motion range of R-L joint to
dorsiflexion side. Furthermore, the interosseous distance of capitate - lunate joint (C-L joint) tends to extent by the traction at
neutral and dorsiflexion positions, and it may have influence on the extension of the motion range of R-L joint.
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Fig. 1 Structure of wrist.
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Fig. 3 Rehabilitation for wrist contracture. A therapist gives flexion and extension of

Fig. 2 Flexion and extension of wrist. the wrist joint with pulling the phalanx toward finger direction.
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Fig. 4 Equipment for MRI photography. Hand is fixed by the hand fixation device at a specified posture and is simultaneously pulled
by constant force with spring mechanism.
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Fig. 5 Hand traction device. The device pulls wrist joint during MRI photography.
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(a) Flexion. (b) Neutral. (c) Extension.
Fig. 6 Wrist fixation by the rehabilitation equipment for MRI photography.
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Fig. 7 Example of MRI photograph.
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L, X8I~ d T (Metacarpal) | AT 2k L CRIEIEN 72 <, iz, TRARDS Uit BUfl © £ 1 211 5 JLEfR
FRITRTV. FI T, FREAAEECRATLIZEE L, FFRFE HREN S TAELZ CLEEAE LT 5.
& L7 MRIEIZIBWT, HFE, AREBIOEERICER LTEEFOAELIET L. ZHLIE, HFF
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E 51T, PlHFBROME R &7 & TR D515 JHES 2 38\ TR B (Scaphoid) O3B )3 L FHR 41 & Urhr FAR
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(Capitoscaphoid angle)iZ- 2>V C HIIEZFTY, WAL RSN T B EOAELRET 5. £ 2T, ARREER
MIFENC BT D5 kK EREL, e kKD A4 CSHEL LTHIETS.

728, ARFRTIFK 4 10R Ul i@ 2 -V CFRIET 2 RN (m B AL 0 deg 3irf%), WAL A4 EE 40 deg i/t
3% L O IRAT (i #h £ FE-40 deg JIT%) CEE 92 23, [EERHC TRAEIO JHE il B 2 0E 7203 OB SR ET 5 =
LIXTERY. 20, BEOMEHRFIICBWTE URAE CTHEET 572012, EE L 72& B0 CHIE 21T
o 7% BAE 4 FE K 0 FRIE Ol 23 0 deg, 40 deg 35 U840 deg T HHED BRI 2RO D LENH 5.

ZH S IXEEEE RO PRI LT X BRENEHR IR 2 IV CEBENT 2 i L TR0, TRIFiom A
(Zxf9 % RL BT & CL B EE b A& B ek & A ik C 2 vl D 3AIC X 0 Bl LRI 2 LT
%. [FHEICRWT, BERIORIFRENTHR 08 L +alcm <, BERIOZLHEI VRS TND. (2 Hfih,
2013)

ZF I TOARL TS, B L O E o0& B ARSI T A L L, K9 DX ) IllE LTS
JE AR, ABEEA SR AE DS 0 deg, 40 deg 35 L1040 deg & 72 HIF ORI L A BYEARRIC K - Tk
% . IS L O BT OWIE & & T eEAR ECm i B 23 40 deg & 72 % 5% 75 40 deg (Z351) 2 & BEFf4 1,
FRRINL IS K OSEEAL ORNE A 2 & T B T A8 L2340 deg & 72 5 2 FE-40 deg |2 B D& BAGAE L L,
HIINL AR O 2 EAROKERY) % ) U7 TP EIAL 0 deg (1281 245 BRI AL L 975,

m’ 40
CL angle

n’

Metacarpal

S

2 _— Wristangle

/ ORL joint
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¢ Corrected RL
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Capitate

Joint angle[deg]
o

CS angle 20
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Lunate

-40 ‘
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Wrist angle[deg]

Radius m RL angle

Fig. 8 Definitions of joint angles. Fig. 9 Linear interpolation of joint angles.
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%9~ % A U (Capitate)- A & IO BEEEA 1o, & LCRIET 5. JERRZ, [Fl— 85 04T o MRIEIZIHBWT,
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B ST FEEE O E L2 VR E i ARNT 2 7 - 3DSlicer 2 VY, BEE, AWRER L OFEE MR G S e RIEEEO R
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Sagital plane images to use for
measurement

Capitate
CL joint distance I¢ Lunate
RL joint distance Ir_ Radius
(a) Measurement locations of joint distances. (b) Measured coronal plane of MRI photography.

Fig. 10 Measurement of joint distances. Joint distance is evaluated as an average of the distances at 40 locations.
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Fig. 11 Contribution ratio of each joint with traction force: 0, 40 N [**p < 0.05].
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Fig. 12 Joint angle displacements with traction force: 0, 40 N [**p < 0.05].
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Table 1 Maximum variation of the joint distances after/before the traction [mm].

RL joint distance (g ) CL joint distance (l¢. )
Posture Flexion Neutral Extension Flexion Neutral Extension
(-40 deg) (0 deg) (40 deg) (-40 deg) (0 deg) (40 deg)
Average 0.79 0.95 0.87 0.76 0.73 1.05
Deviation 0.23 0.37 0.33 0.17 0.33 0.44
6. & -3
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Fig. 14 Outline of RL joint angle at each position with traction force 0, 40 N.
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