EEe]ofsts] A A A5, 2006 5Y
Vol.1, No.l, May 2006. p.1~12

AFH By WS 0|4
HEF 94 RYTAL] AT

HubzrlgE e EeXad, SEASEY SN s, Yrastn Agweoe geX) ety

Preliminary Study of Ambulation Training on
Electromechanical Gait Trainer in Stroke Patients

Jae-hyun Kim, P.T., M.S., Seung-huon An, P.T., M.S.!, Sung-soo Bae, P.T., Ph.D.2

Department of physical Therapy, Bobath memorial Hospital,
IDepartment of physical Therapy, National Rehabilitation Center,
ZDepartment of Physical Therapy, College of Rehabilitation Science, Daegu University

{Abstract>

Purpese : The purpose of this study was to investigate the effect of electromechanical gait trainer therapy in
stroke patients. The gait trainer was designed to provide nonambulatory subjects the repetitive practice of a
gait-like movement without overstraining therapist. To simulate normal gait, discrete stance and swing phase,
lasting 60% and 40% of the gait cycle respectively, and the control of the movement of the centre of mass
were required.

Methods : This preliminary study investigated during 8 weeks therapy on the gait trainer could improve gait
ability in 5 subacute and chronic hemiparetic stroke patients. Gait ability(time up & go [TUG], comfortable and
maximal gait speed and functional ambulation category[FAC]), functional movement of lower extremity
(Fugl-Meyer Assessment [FMA] and composite spasticity score [CSS]) and sensory of lower extremity(Fugl-
Meyer Assessment sensory [FMA-s])were the measured.

Results : TUG, comfortable and maximal gait speed and FMA were improved significantly. Although FAC,
FMA-s and CSS were improved, there were not statistically significant.

Conclusion : Therefore, the gait trainer enabled affected patients the repetitive practice of a gait-like movement,

which is important for the restoration of walking ability.
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fig.1. Ambulation Training on Electromechanical
gait trainer in stroke patient
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Table 1. Subjects characteristics

subject age(years) sex Diagnosis cause Duration(months)
1 53 Female Left hemiplegia cerebral hemorrhage 16
2 42 Male Right hemiplegia cerebral infarction
3 46 Male Left hemiplegia cerebral infarction 9
4 52 Male Left hemiplegia cerebral hemorrhage 11
5 56 Female Right hemiplegia cerebral infarction 13
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Table 2. The change of TUG

(sec)

subject pre-treatment post-treatment Z-value

1 18.56 16.23

2 15.23 13.23

3 18.87 1345

4 21.32 19.12

5 17.34 13.34
mean 18.26 15.07 -2.023*

TUGE A5 A 1826secold M8 F 15.07sec2
3 =How, BAXSE 93 Ro]7KZ=-2.023,
P=0.043) UAK(Table 2).
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17score, 16score, 13score, 14score® viE}G O
JAS] B FMA(Motor function of Lower extremity)
= X8 A 9.60scoredA] X8 & 15.60scoreE TF

Table 3. The change of FMA( Motor function of Lower extremity)

2 HAeH, $AHLE RFAF ATHZ=2.032,
P=0.042)1ATK Table 3).

4. Fugl-Meyer assessment 2T 2] 8435}
(Bixlel &2 71s)

857t A B3 Fd A, Fo FMA A
7z Vsd dsle ddR 42 A8 A Sscore,
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o] A FMA(senéory of Lower extremity)s X|&
A 440scoredx] B & 4.80scoreR Iy HIJC
), BAAE 823t x| (Z=-1414, P=0.157)%)

(score)
subject pre-treatment post-treatment Z-value
1 12 18
2 11 17
3 12 16
4 : 8 13
5 5 14
mean 9.60 15.60 -2.032*
Table 4. The change of FMA(sensory of Lower extremity) (score)
subject pre-treatment post-treatment Z-value
1 5 6
2 3 3
3 6 6
4 3 3
5 5 6
mean 4.40 4.80 -1.414
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ATKTable 4). 877k MEA Ry FH I, o Hu H3gsk
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8571l AF4) He) FE A, o oy s T 8 BHYP&ETe X85 A 047secolr] X5 &

9] W3l gAA 47 28 A 0.55sec, 0.47sec, 0.62secE FF Horw, EAXHSE {3 Ao
0.50sec, 0.32sec, 0.35secolA] X8 & 0.63sec, 0.66, 7HZ=-2.023, P=0.043)AATHTable 6).

0.71sec, 0.38sec, 0.46secZ JEMOW, thAkxie] 3

T 0 RIA&ETE AFE A 044secollA] HE T

0.57sec® 3} HJom, FAHoZ {93 o)
7HZ=-2.023, P=0.043)2)1THTable 5).

7. Functional Ambulation Category(FAC)
score2| His}

873t A4 B3 FH A, T FAC scored]
6. Z|C Bsiazo| i3] Hel= didAt 25 AE A 2scoredl| A X7 & 7+

Table 5. The change of safety Walking velocity

(m/sec)
subject pre-treatment post-treatment Z-value
1 0.55 0.63
2 0.47 0.66
3 0.50 0.71
4 0.32 - 038
5 0.35 0.46
mean 0.44 0.57 -2.023*

Table 6. The change of maximal Walking velocity

subject pre-treatment post-treatment Z-value
1 0.58 0.67
2 0.50 0.71
3 0.52 0.76
4 0.35 0.43
5 0.39 0.53
mean 0.47 0.62 -2.023*

Table 7. The change of Functional ambulation category

subject pre-treatment post-treatment Z-value
1 2 2
2 2 3
3 2 3
4 2 2
5 2 3
mean 2 2.6 -1.732
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Table 8. The change of Compsite Spasticity Scale score

subject pre-treatment post-treatment Z-value
1 7 6
2 8 7
3 7 7
4 9 8
5 2 2
mean 6.6 6 -1.732

Z} 2score, 3score, 3score, 2score, 3score® LJEFGO
o, thAzle] F#F FAC score= 22 A 2scoreol| 4]
XFE F 2.60score®E T4 FHJQoLl EAFHoZ &
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4 Hlew, BAHCE {3 Aol7lz=-1.732,
P=0.083)212{tHTable 8).

v.n &

HES olF K9 AN E=E FHL
aHsk= o83 nle-&(Grillner S, 1973; Barbeau
S, 1987), HFagolol A BAHHSENE
A A REEHQ] BRPFEHL F3 AT AFA
2o} #4d9)59] Central Pattern Generator(CPG)
2 U3 AT 2R3 e EF= o) By
Azl #48o] Fsaicke g vl ek vy
ﬁ-o* +F 7 1fe84 2, B4, 8"

259 FFLE Sol aTEHE ERH &%
7159 AFH}Z(Norkin 5, 1992) AAANA A3
14 9% 9 Yelz AATE Fo B
o] E8EFL FINA QA GG o
g 9EAY & e o AAP uao] ool
(Jacques 7, 1998). A= H3L A7 3] & wHneural

B! r[

2N yg

networks)®] B34t AR 5 &5 ALH
Q REEE B3 EAEA T FHE oF
A €k

Finch(1985)9} Barbeau(1987)% H&%F FAlolA
AT 53t e Ed=dg o83 BYPFAY
/‘l%i Ao ARIAoH, AT EF3 Ed=

] B8 FHo] By o] RS FIFOIN
2 ZAEol e dAe] EPFHd HEY
A Ql Whelzt 7 ok HZ

AFAQ) AERE WAt FEHA e
Hepn] @2te] BHH-E FAI=H CPGE A
Joll 92g Eded By FH Z2add AF
4 B3 Fdo] AEL A5 HITYPLE o]§HY

A3 RIcHHesse 5, 1999b, 2001, 2004; Katherine
S, 2002).

Ed=dd 54 RyFde 819 By F
THHo 1 FE Ue HIPS %SM skA]e] He-&
T 2HE 3 AA =g AFAE £ J1A
= ]%—‘ A3 Lol 4] Hesse %—(2000)% 12} o
o U HAEFT B4 2WE HeE F 53 4
F 208 %01- H3Y FHL /é/&]‘{s} A3} Functional
ambulation category(FAC), Rivermead motor assessment
score(RMAS), HaF&Tola FolatAl F7Hl,
HAF AgolE 1 AU Byo] rhsdon,
gl E1E A& § o, AdRIYx 753}
Aok Basiyok a2y e By FEe A
BALe #37h AA S5 BRA B4 B e
= WHEFHoE AFH F Slo] By g s
oA ETHole sk

Wermner 5(2002)-2 H&EF 3 30%E vjdeg
729 z2a7E A8 13 15~2084 650

o
o

e <y > g
A
fr
ﬁ‘;‘j
kY

— 8 —



BE2 B FU7E o83 HEST $A RYFTHY ARHAT

UAth A2 MY FAT FACE 394 43
Egsd By FHTL 204 330z Zykelgo
W(p<0.018), 671 Foj= obtdl W3yl giglckn
B skt

HEA]E- 5(2004)& 55 HArpH] T8 AA|vH|E
B3o] BIlsd 479 HES $AE Yoz |
3] 2087 5~65Fo] AA 2039 By FH
A 108 S BYXEE AANG A" 49 BF
FAC 2o 2 EZXEA} 1919] B2 dld) 35
hemiwaker& ARE3F3, 1L quadripod canes
AR&St] AW Balo] JbgsiAl vk ®Ba 3§
Act.

£ AT AfMe HEF A 5HE tidos
T 33] 85 20% Bt B TS A4 & A
FAC score2 BAIASZ {9317 &gkor), 270
A 26508 YEAUT, FA 54 B FFo)
FAC 282024 7¥83olal X 8ALe] BZ3l 10m
Kol 7bs & FEollel & Fom 7)5H
1 B3 o] A FUHEHA] e AoE Holy,
5% & 392 quadripod caneS ARE-ES] A A
£ glol AA e ZAAE Fsho AU Bajo] 7}
I, 22 Ak W) Itk

Hesse 5{(2004)2 479] E-obd e &4 #x)
A AEA B3P FHE o83l Uk &2
)79} 37 FESE 3 53] 45 252 F9oF A& 3
23 By &%, AFgo] 2u) o] FIEIA, 3
B EYAEAL 1919] Bzele] 584 Ro] 7}
S8tEoH, JiAnEY] E40) FUYa B
3tk

B dAgadelr] By ek, Hd B2y £
%, TUG), FMA(EHA] +F 71%5)°] BAXHeZ &
3 F7FIAL, 71EAE Pde B2 AL Hesse
5(1999b)3} Wermner 5(2002)2 AEH Eex7
o Ed=d K FREC AEd By FHA B
Z A9 AF FAUIE o A HFEr|gEe
&30 4% Ay ¥y A5 B g9
Ef=d 1A Yehde 134 dERds A%

2 B3 FEA %EA] XA Al7|d 274e] X
53l hamess®] ] F-Eo] 71AS} ABH =
3 53] AFoIFE 2 W AAH ool
A7l A7) kAT TiEe] A A2 &
Zo] & Aolgkal &9l Hesse 5(1999bh)L £
Ayt a@Ee] rFeEee AFA Ba F-hU|9A
7P 3A Vb, 477] St Aol s A
A derdthr stk 454 Be FAe #a A
Az Fat 2 nRsre Uehvke athEgl CoM
o $49E BPA £HYLE FE T F YO
M, FRHoE 54 A LARE £Y F UH
31 3l tHHesse 5, 1999b). A5 HPFHA H
viy] Zkxb upe]E S1X]|9] vastus lateralis, biceps
femoris, addutor magnusS EF=d HIYFHHT}
48T rt v& A e WHE, gastrocnemius,
tibialis anterior®] ZLEAEE WA VeERtt T 819
o} ol AFF3 259 BAs o7 uFF

4 77 9o AF nadel AFE EAE
g Aolgka kRl ATt B v Be

(]
5
45 9o F o, &5 By Aes
5
3

=
=
1

]

AANFE AAYD JAHCPG)Y] AL g 744

- =
LRGETNY gARTo] FHABAN ERHoE

<N
$o] ZAHTkT Y iHesse 5, 1999b; Hesse 5,
2004). B AolA Heg FEH - Al 1Y &
%, TUG), FMAGGHA] &-571%)e BAHSE /9
A Jelded oSt JI5A e AEA
B3 Far)y 7AEQ] oldE o]&d AR
1y dgs fxske EFHS Ba Fdel F
2 Alggrch

HES BAIA JAM AT EF-stet el
& o]&gt FHo] AR EHXES Wlmste
o8 T 57159 Eole Aozt giARE By
THY B8 57t fAET A 3H O™ (Hesse 5,
1995), §47] H&F A9 okgd € w79
AA Eshe A}, Alobgelet AN E A
AT F%F okl FAANE B oA &
# BgAgeM o gtk SHriChuna 5,
2002; Kosak %, 2000). Barbacu $(2003)2 ¥ &=

Aol X Al F5E, ol SR A

-9 —



teEeaaA A1y Alx
gxste] a3t o oA FUKRIT R dtd, A
F B53E o83 By Fho| FF AoUelA
o o)z} 8-S ARFEIcE £ el Composite
Spasticity Scale?] £ A& ZF AL 7153
¢l NS BGAR FAALE fosH vERA
PO Hesse F(2004)9) AF R FH &
7R 2] EA4ol St 87 At o
Ashe RAeoln, Eded By H54 23 £
o] EMG Hlaolx Efed W) FHe] riaul
(gastrocnemius)- 7}3] o]&A 7 EH-E-E(spasticity-
related clonic activity) R A|9, AE2 B3 FH)
A AE FFTL AH &N B ES(spasticity-
related clonic activity)-& Rolx] greviy 3%
ol 747 ¢ S3He %5 A4=rt AERlY
B8 fARIEE W] wi2d AFo] dojux
£ $EAHE gt FF0le VY EdeE <
Eighs ReA = —‘E’—"]‘:}J— 33t

Wemer 5 (2002)2 AE4] Ry F
=% w3 f?‘—%-g' wastr) Ha ok
Hile HEF 88 ooz A ’:H

TE s, AB2A B3 FRe] V&g E ]
‘?=l B3 FHd H3)] A ARe doviMm A
b e 88 Y F Avta dPen, tiR
2 INER EYcy RIYPFAENT HELH HIY
FAE dzgdn g ol Y A7 e
B33} vigol AF gisle A FYAR B
F719) wet AF4e] 2EET FHH] £EAH
< ot Y 29 dEe s 2EsE 4
7] WEolzta sk AF BRI o] By
% A8 $5 VRACD ST 4 JES 1
He AEA By FAYE 2580186 2AT
EA #A) HAf(task-oriented practice)S ofUA|t
AAle] BEAT FARE A ASH Foer
A HEF F el 84 By Q8] {83
ol E 4 Jow, A7 B FAL AAdx
3] gl vl A5 odg Fee Fos
M Qe HEF FAENA 1A RYPEU
€ 3hie] dijkd XE Wio]l E & e Ao,
A7t FUT A8 AREG o B By FHS
BEE & U= Bejrh

E d7e FPAgddd 49 Jde #x/
F B d7e A3 20& 53 #ATE Y
oz Frlel BE ool sHog Y Agten
NS nad £ U gE BRE HEF 8
oAl Lukslste] sjAsh=t] ARl e, F
T W9 FKHESS Axg 29 2 I 5
Aot ekt geje] 23S VA e EARES
Fsle a7} Zdg=ofor & Aotk

v.a =

B g7 25 A5 By FHo HEF &
2ol B3 FH(TUG, ¢4 - R4, FAC)H
A9 % 71S(FMAZZ, CSS)9] WstEe got
B7) 943 Mg dFolgh B A7 diAe =Y
AgHel ¥ ¥4 F B A7 dezxue
3= 81 59 gEos guER EfXR
st AAXFE 2084 FPen, ¥ BFHY
By FHL F 33 2084 8F B AN
Aga B2 FAE 87t HA § dae TUG,
oHy - AYRAET, FMAGGH] &% 7192 B4
Aoz foEH ZF78kal, FAC, FMAZHZh CSS
% 3RS RAAR BAHeR foldkA] &
stk AE gRsie o] B Al 58
wEHog FHY £ 5 ud AFH HY
FHe EFoIBA AT EF HA dF
(task-oriented practice)2 oAyt 2lA|e] H3P§H
I3 AR B4 AP FIHeEAN HEF £
vhe] S} 23 Ao H-83 o] E & US
< 4 F ANk

2nE s
ke 1 of, YA 5 HEF WA HYZE
o B9 BT ATABSIAIA, 1994150736
741
2o, A9, o84 EUSUE olgd 2o

A& BFEe] AR A7 dESAR
AFetE]R]. 2003;15(4):869-880.
BALg, #Hid, A% § AEH 2y Faasd



Kk

S o8 HEF B By FH. U
8}3) 7). 2004;28(2):182-183.

Barbeau H, Rossignol S. Recovery of locomotion
after chronic spinalization in the adult cat. Brain
Res. 1987; 412:84-85.

Barbeau H, Visintin M. Optimal outcome obtained
with body-weight support combined with treadmill
training in stroke patients. Arch Phys Med
Rehabil. 2003;84(10):1458-1465.

Bohannon RW. Strength of lower limb related to
gait velocity and cadence in stroke patient.
Physio -therapy Canada. 1986;38:204-206.

Collen FM, Wade DT, Bradshaw CM, Mobility
after stroke: reliability of measures of impairment
and disability. Int Disabil Studies. 1990:12;6-9.

Da Cunha IT Jr., Lim PA, Qureshy H, et al. Gait
outcomes after acute stroke rehabilitation with
supported  treadmill ambulation training; A

study. Arch Phys

Med Rehabil, 2002;83(9):1258-1265.

Duncan PW, Propst M, Nelson SG. Reliability of

randomized controlled pilot

the Fugl-Meyer assessment of sensorimotor recovery

following cerebrovascular accident. Phys Ther.
1983;63:1606-1610.

Edelle C. Combined use of body weight support,

treadmill

training to improve walking ability in individuals

Functional electrical stimulation and
with chronic incomplete spinal cord injury. Arch
Phys Med Rehabil, 2001;82:818-824.

Elizabeth J, Protas, S. Ann H, et al. Supported
treadmill ambulation training after spinal cord
injury: A pilot study. Arch Phys Med Rehabil
2001;82:825-831.

Finch. L, Barbeau. H. Hemiplgic gait: New treatment
strategies. Physio ther Can. 1985;38,:36-41.

Finch. L, Barbeau. H, Arsenault. B. Influences of
body weight support on normal human gait: The
development of gait retraining strategy. Phys
Ther. 1991;71:842-856.

Fugl-Meyer AR, Jaasko L, Leyman I, et al. The

4 39 g

e

ol &3t HEF A HPFAY AlHdT
post-stroke hemiplegic patient. Scand J Rehabil
Med. 1975;7:13-31.

Grillner S, Shik ML. On the descending control of
the lumbosacral spinal cord from 'mesencephalic
locomotor region’. Acta Physiol Scand. 1973;87:
320-333.

Goldie PA, Matyas TA, Evans OM. Deficit and
change in gait velocity during rehabilitation after
stroke. Arch Phys Med Rehabil. 1996;77:1074-
1082.

Hesse S, Bertelt C, Jahnke MT et al. Treadmill
training with partial body weight support
compared with physiotherapy in nonambulatory
hemiparetic patients. Stroke. 1995;26:976-981.

Hesse S. Treadmill
support in hemiparetic patients: further research
needed. Neurorehabil Neural Repair. 1999;13:179-
181.

Hesse S, Sarkodie-Gyan T, Uhlenbrock D. Development

of an advanced mechanised gait trainer, controlling

training with body weight

the movement of the center of mass, for restoring

gait in nonambulatory subjects. Tech. 1999;44:
194-201.

Hesse S, Uhlenbrock D. A mechanized gait trainer
for restoring gait. J Rehabili Res Dev. 2000;
37(6):701-708.

Hesse S, Uhlenbrock D, Wemner C et al. A mechanized
gait trainer for restoring gait in nonambulatory
subjects. Arch Phys Med Rehabil. 2000;81(9):
1158-1161.

Hesse S, Wemer C, Tmna P et al. Influence of
Walking speed on lower limb muscle activity and
energy consumption during treadmill walking of
hemiparetic. Arch Phys Med Rehabil, 82;1547-
1550,2001.

Hesse S, Werner C, Bardeleben A. Electromechanical
gait training with functional electrical stimulation:
case studies in spinal cord injury. Spinal Cord.
2004;42:346-352.

Hayes SM. Gait Awareness. In: Burkhardt A, editor.



=T e Ald Az

Stroke Rehabilitation. A Function-Based Approach,
St. Louis: Mosby, 1998;243-266.

Hunt SM, Mckenna SP, Williams J. Reliability of a
population survey tool for measuring perceived
health problems: a study of patients with osteoarthrosis.
J Epidemiol Community Health. 1981:35;297-300.

Katherine J, Sullivan, Barbara J. et al. Step training
with body weight support: The effect of treadmill
speed and practice paradigm on poststroke
locomotor recovery. Arch Phys Med Rehabil.
2002;83:683-691.

Jacques D, Henery W.A.A., Van DC, Neural control
of locomotion: part 1: The central pattern
generator from cats to humans. Gait and Posture.
1998;7:131-141.

Kosak MC, Reding MJ. Comparison of partial body
weight supported treadmill gait training versus
aggressive bracing assisted walking post stroke.
Neurorehabil Neural Repair. 2000;14(1):13-19.

Kottke FJ, Lehman JF. Krusens. hand book of
physcial Medicine and rehabilitation. Therapeutic
Excercise to Develop Neuromuscular Coordination,
3th ed, Philadelphia, WB Saunders. 1990;19:
452-479.

Levin MF, Hui-Chan CWY. Relief of hemiparetic
spasticity by TENS is associated with improvement
in reflex and voluntary motor functions. Electroencephal
Clin Neurophysiol. 1992;85:131-142.

Levin MF, Hui-Chan CWY. Are H and stretch
reflexes in hemiparesis reproducible and correlated
with spasticity?. J Neurol. 1993;240:63-71.

Malouin F, Potvin M, Prevost J et al. Use of an
intensive task oriented gait training program in
serics of patients with acute cerebrovascular
accidents, Phys Ther, 1992;72:781-789.

Miller EW, Quinn ME, Seddon PG. Body weight
support treadmill
training for two patients with chronic disability
secondary to stroke. Phys Ther. 2002;82:53-61.

Morris S, Morris ME, Iansek R. Reliability of

and overground ambulation

measurements obtained with Parkinson disease.
Phys Ther. 2001;81:810-818.

Norkin CC, Levangie PK. Joint structure and
function, 2nd ed. Philadelphia, FA Davis Co.
1992;448-470.

Nadeau S, Arsenault AB, Grave ID, Lepage Y et
al. Analysis of the spasticity index used in adults
with a stroke. Can J Rehabil. 1998;11:219-220.

Podisadlo D, Richardson S. The timed "up & go™
A test of basic functional mobility for frail elderly
persons. J Am Geriatr Soc. 1991;39:142-148.

Visintin M, Barbeau H, Korner Bitensky N, et al.
A new approach to retrain gait in stroke patients
through body weight support and treadmill
stimulation. Stroke. 1998;29:1122-1128.

Wermer C, Von Frankenberg S, Treig T et al
Treadmill training with partial body weight
support and an electromechanical gait trainer for
restoration of gait in subacute stroke patients: a
randomized crossover study. Stroke. 2002;33(12):
2895-2901.

Richards CL, Malouin F, Dumas F, et al. Gait velocity
as an outcome measure of locomotor recovery
after stroke. In: Craik RL, Qatis C. Gait Analysis:
Theory and application. St-Louis, Mosby, 1995.

Steffen TM, Hacker TA, Mollinger L. Age and
gender-related test performance in community
dwelling elderly people: Six-minute walk test,
Berg balance scale, timed up & go test, and gait
speeds. Phys Ther. 2002;82:128-137.

Shumway-Cook, A, & Wollacott, MH. Motor control:
Theory and practical application, 2ed. Maryland,
Williams & Wilkins, 2001.

Suzuki K, Nakamura R, Yamada Y et al. Determinants
of maximum walking speed in hemparetic stroke
patients. Tohoku J Exp Med. 1990;162:337-344.

Visintin M, Barbeau H, Korner Bitensky N et al. A
new approach to retrain gait in stroke patients
through body weight support and treadmill stinmlation..
Stroke. 1998;29:1122-1128.



