AR T4
45(2) : 152-160, 2007

BHREREEOXREETHhZENE L
ERNZMENREDFMR
Ta

A TE /NI S S 1V S T

R AET R R

AR HYLT - KH

A Home-based Rehabilitation Device to Prevent Secondary Diseases using
Passive Ankle Motion

Rie Suzuky,” Yuji OnTA,* Hiroshi Otsuka,™* Tomoka UcHryama,” Chihiro Takano,”
Kimitaka Nagkazawa™* and Noritaka Kawasamva™**

Abstract Due to long-term physical inactivity when confined to a wheelchair, people with motor paralysis in
their lower legs are always at risk of developing secondary diseases in the paralysis area; for example, muscle at-
rophy, loss of bone mineral density, and hypo-circulation. These diseases occur easily, but are difficult to cure.
Daily stretching exercises are generally considered to be the most effective measure for prevention. However, of-
ten is the case that patients don’ t exercise due to a lack of willpower. We have developed an everyday rehabilita-
tion device for individuals with motor disorders. It is comprised of a pair of linear actuators that mount under the
seat of a wheelchair and are connected to each footrest, and works to prevent secondary disease by passively
stretching the ankle joints. By installing the device on the wheelchair, patients do not have to transfer to another
machine, which encourages them to use the device more frequently. The device has two different exercise
modes : a rhythmical planter/dorsiflexion movement and a stretch mode. In the former mode, the neutral position
was set at 105 deg. The range of the rotation angle was between +/—6 and +/—12 deg. The flapping frequency
was set at 0.7 Hz based on a normal gait. In this study, we investigated the physiological effect of the former mode
in the motion range of +/—12 deg. Twelve persons with spinal cord injuries participated in the experiment, and
the EMG and blood flow in the paralyzed muscles were recorded during 10 min of passive ankle motion. As a re-
sult, we found that passive ankle motion can induce rhythmical muscular activity and enhance the blood flow in
the calf muscles. These results suggest that this device might be effective for the prevention of secondary diseas-
es, or the facilitation of neuromuscular function and peripheral circulation in paralyzed lower limbs.
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Fig. 1 The passive ankle motion device developed in the pre-
sent study.
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Fig. 2 The passive ankle motion produced by the device.
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Table 1 Electric linear actuator specifications.

Stroke 50 mm

Maximal velocity 400 mm/sec

Position of accuracy + 0.01 mm
Outline size (W, D, L) 45-202-68 mm
Mass 1.1 kg
Maximal thrust force 100 N

F2 AFNA R KB LRI RSP &
Table 2 Angular range and velocity of ankle motion pro-
duced by the device developed.

Range of Motion 88-124 deg

Maximal velocity 288 deg/sec

FE#E P % 88 ~ 124 deg (& JE M 17 deg, K M 19 deg)
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Fig. 3 Schematic diagram of the controller for the actuator.
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Fig. 4 Various passive motions for the ankle joint produced by the device developed.
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Fig. 5 Typical example of the EMG activity in the gastrocnemius muscle during passive ankle

motion and the recovery stage (above).

Typical waveforms of the EMG activity and changes in the deep blood volume (below).
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Fig. 6 Typical waveforms of the deep blood volume (above)
and skin blood flow (below).
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Fig. 7 Typical waveforms of the deep blood volume and skin
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Fig. 8 Changes in the skin blood flow (left, n= 8) and deep blood volume (right,
n=12) due to the passive ankle motion.

3) ZEYEB L) MEBRBEOZICE LTI, B LT
OB ZRTHEREIE SN, TAOBHBE X VEHIL 72
total Hb 2 L (LLF, ®EHIME=) &, K5 FIIRT
;5&@@%%&@%Lt£m%mt,i%@@ﬁﬁ%%
W DZEALA & I O WAL E B 25 U 72 & gt &

72 F/2, R6ICTA OEIBIMER (&), 5T W”
ﬁi..@)i'i)%[f]l‘bﬁ%%’éﬂi (D) OMIB] (Subject 6) ZRT
(30 B3 EHfH) . 21 Rest (%) K 1 07—
‘4 (:Fi’%ﬂ:ﬁlw)iT—ﬁ?) R L7z, RERImE  ldE BB
B, R4 ML, EBAHE T LCH A&kl A M6n
ERL7z. —H, &)%[mﬁiiai BRI H I LA
L, T & FREICLEEICCICR ARk 2R L7z, &
DL AP I8 L TR b%nt X 8 2i%, &4
BRI BT B E s TR (10 431%), IR TR (15
) OFRERICBITAEE MR (L) 7 5 ONICHEE
Mg (HX) 22WT, i (ZERESHGR D) »
SOEbEERT. REMEEIZZEEHOERIC L > T

TRTOPERE THML, ZEEBATE T 5 & EPLHIT
ISR B2 2R Lz, —77, R 12 4% 9

& GBI L, ZEREBISET L CTH Z Ol & R
FAMHEMMA RSN,

£ 3121, WABROWIGE), HEREOA R, SZB)E) TR
O Bz I I B - GREP I R & R A L s F L7,
Ktk oo Ashworth Scale I35 PEFRE O FRE & /EFH912
FHli L72d O T, AR E WIT EFRERME OISR,
BEPKREC EE2RT. T2, HEMGE (EMG) &&
PRI (Spasticity) Mo +305 1%, RMEOZB)ES) 12
FHIGED F 7SR L 722 L AR Y. F72, K
ML & REB ML &, B BIAAIRE (0 43) & BB TIRE (10
Sk OEETLE.

5. & =

AT, BEZFRLEIRE % & OEBREEREZ 2 0
WHNEHTE )N E ) 77— 3 YIERKEEDMIEZ H



(158)

F3 BBEREI O R

HERET S 45% 25 (200746 A)

fets 553,

HI=C

WIS & B FEE), BEVRRRE, MR, RARMm R 02

Table 3 Characteristics of the SCI subjects and the influence of passive motion on their physiological parameters.

Subject Sex &€ I;ﬁizﬁilf ASIA ﬁﬁiﬂfﬁh EMG  Spasticity 2 >nn Blood Flow ’ D\fglflleomi
(yr) (97) Grade Seale (ml/min/100 g) (umol/L)
s1 M 35 5 A 1+ — — — -025
s2 M 20 3 A 1 + + — 0.68
S3 M 30 3 A 2 — — — 0.08
sS4 M 23 5 A 2 ++ ++ — 025
S5 F 3 20 A 2 + ++ 021 0.29
S6 F 42 24 A 1+ + — 046 0.09
s7 M 21 3 B 1+ — — 0.13 0.12
S8 M 46 6 A 2 ++ ++ 001 0.04
S9 M 22 3 A 1 — — 0.15 ~019
S10 M 38 20 A 0 — — 0.20 0.03
s11 M 33 6 A 1 + — 0.03 ~057
S12 M 35 6 A 0 — — 0.12 0.13
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