—141—

BHERERE I CST 3@ EHKNE L
BEREMEEXURIE 2 W72 b Ly FI ST

rEyMINEYEERE S B oA B K
ERrEE) SaEEEE W B om X
Ea—AMrKE T.Adam Thrasher

Exercise Intensity during Treadmill Walking with Gait Patterned FES
among Patients with Incomplete Spinal Cord Injury

by

Masae Miyatani
Lyndhurst Centre, Toronto Rehabilitation Institute
Noritaka Kawashima
Research Institute of the National Rehabilitation Center
for Persons with Disabilities
T.Adam Thrasher

Health & Human Performance, University of Houston

ABSTRACT

It is challenging for individuals with incomplete spinal cord injury (SCI) to achieve
the required fitness level to prevent ensuing secondary complications such as coronary
artery disease. The additional muscle activity induced by gait patterned functional
electrical stimulation (GP-FES) may help these individuals to achieve the required
fitness level. The purpose of this study is to assess the feasibility of increasing exercise
intensity in individuals with SCI using GP-FES assisted walking on a treadmill. Subjects
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were three male individuals with SCI. All three individuals had motor-incomplete lesions,
levels T6, C4 and T10 and were 39, 45 and 50 years age, respectively. The test protocol
consisted of sequential four-minute long session of: 1) Without GP-FES walking (Non-
GP-FES assisted walking) , 2) GP-FES assisted walking, and 3) 2nd Non-GP-FES
- assisted walking. GP-FES was applied to the quadriceps, hamstrings, tibialis anterior, and
triceps surae muscles using a surface electrical stimulation system. Oxygen consumption
(ml/kg/min) was measured during each trial. In all subjects Oxygen consumption
increased during GP-FES-assisted walking (Subject A : 14.5, B : 19.1, C : 17.0:
ml/kg/min) as compared to that of the Non-GP-FES assisted walking (1%* Non-GP-FES
assited walking: Subject A : 13.4, B . 18.2, C : 17.0: ml/kg/min; 2" Non-GP-FES
assisted walking: Subject A . 13.1,B : 17.8,C . 17.5: ml/kg/min) . METs values during
1stNon-GP-FES assisted walking were 3.8, 5.2,and 4.8 METs, while METs values during
GP-FES assisted walking were 4.2, 5'.5, and 5.5 MET: in subject A, B and C, respectively.
In conclusion, Oxygen consumption increased during GP-FES assisted walking compared
to Non-GP-FES walking. GP-FES assisted walking has a potential of increasing exercise
intensity for individuals with SCI. Further randomized control studies to investigate the

training effect of the GP-FES assisted walking is required.
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F 1 Characteristics of the patients

Subject Subject A Subject B Subject C
Age: years 45 39 50

Sex M M M
Height: cm 175 173 170.2
Weight: kg 77 58 83.1

SCI level C4 T6 T10
ASIA score D n/a D

Year of postinjury 3 9 34
Cause of injury Fall . Von-Hippel Lindau syndrome Caisson disease
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BRMBLIZ I, Compex Motion (Compex SA,
Switzerland) % 7z, RI#&HE, Bk
35Hz, 7%V ANE0-300ms D 4V A & w7z,

- GP-FES DXt & 7 o -5 BEIX, T O A BRITEE

B, NAAMY TR, THR=EL, mEHT,
REEMHE VTR Sz, Lo, #he
NOFHEEIZB W TRARHEORE 2 e Lz, B
BILEEORT A RS EW-7z. EHEICE
WT, REAPY =27 VTEGLE 2T 2D, §iv
BSR4 ICEBRBEL ST TRMLL. &K
RIMOREE L, BHORANHMERED U I, #ERE
HARE L L5E & L. GP-FES 17T,
EHEICBIT B ZORKBED 75 % DEHRE
RV, B8y — 2 id Thrasher & (2006) @
JikE A2 Y . Thrasher 513, 257 HA4T7 X
MNREOFER 2T L, My — Y ERELL
(F1). HS <% — TSI RBRIUSER, & F
BE= SRS, BEMBICANLAZ M) v 7R EHIRET
PR SN S XY IcTursasnt., O
NE =2k, AHHORBIZN) Ky 2R
THT, ROFT/Y — BB E N, FTHE
iz, BBREOFTAE-FIZEI LHENE
NRET S e,

7y b AR —UEE Vol. 30



Quap /
0 .

pulse width (us)
L=l

300
GAST
B e T e .
m -
TIBA
o T T T T T T T L T T T T T
/ﬂ.m 0.25 0.50 0.75—>>
time {normalized) wait for
Do patan bution press
initiates sequence

1 Stimulation program for a single leg. The stimulation
begins from initial state representing late stance phase, and
pushbutton triggers open-loop sequence beginning with swing
phase. Reprinted from Thrasher et al. (2006) with permission
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¥ 2 Gate speed, oxygen consumption, and METs values during Non-GP-FES and GP-FES walking

subject Restl Ist Non-GP-FES GP-FES Znd Non-GP-FES2 ReslZ
Walking speed (m/min)

Subject A - 35 35 35

Subject B - 41.7 41.7 41.7 -
Subject C - 18.3 18.3 18.3 -
Oxygen Consumption

Subject A 3.6 134 14.5 13.1 8.5
Subject B 7.9 18.2 19.1 17.8 -
Subject C 4.9 17.0 18.1 175 9.8
METs

Subject A 1.0 3.8 4.2 3.8 2.4
Subject B 2.3 5.2 5.5 5.1 -
Subject C 14 4.8 5.5 5.0 2.8

Non-GP-FES: Without gate patterned functional electrical stimulation, GP-FES: Gate patterned functional electrical stimulation
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#% 3 Energy consumption and energy cost with FES in previous studies and the present study. All values in previous studies are expressed as an average

Number of Oxygen Energy  Walklng  Increment of 6xyger1

Series Year subjects consumption  cost speed consumption from Non Aid Level Imparment
FES to FES walking
(ml/kg/min) (Jkg/m) (m/min) (%)

Jerrold S 1991 4 221 11.2 40.0 53.5 RGO Para  complete
Hjeltnes N 1990 1 17.0 N/A N/A 141.7 cruthes(FES)KAFO(NonFES)  T12  complete
Spadone R 2003 1 14.2 325 8.8 119.3 ARGO T5-6  complete
Sykes L. 1996 5 7.6 15.5 9.9 1104 RGO C2-T6 complete/incomplete
Stein R* 1993 5 144 9.2 31.6 98.4 Crutches, Cane C5-T10 Incomplete
Stein R 1993 9 11.5 11.8 196 N/A Walker, Crutches, Cane C2-T10 Incomplete
de Carvalho DCL. 2005 11 7.1 17.1 8.3 N/A Body weight support (30-500%) C4-C8  compelete
Carvalho DCL. 2005 5 114 276 8.3 N/A Body weight support(30-500%) C4-C8 Incomplete

Carvalho DCL 2005 12 6.4 154 8.3
de Carvalho DCL. 2006 11 96

8.9-23.3 8.3-21.7

{
N/A Body weight support (30-500%) C4-C8  Complete
N/A Body weight support (30-500%) C4-C7  Complete

Isakov E 1985 2 15.6 32.3 9.7 N/A N/A T6-T9 N/A

Present study Subject A 14,5 84 35.0 108.5 Parallel bars T6  Incomplete
Subject B 19.1 9.3 41.7 104.9 Parallel bars C4  Incomplete
Subject C  19.1 21.1 18.3 112.7 Parallel bars T10  Incomplete

FES: Functional electrical stimulation, *Only subjects could walk without FES
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FR B OBINFI, 4% D Non GP-FES #
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hRTGRR I LI E R BRSO O TVnA T
Edb, SCLEEE, X)EMEREHZ2 T
LK), A LECEDDLERD D 202D,
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