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obtained: oxygen uptake (Vo,) and heart rate (HR).
Walking speed in the steady state during walking and
rating of perceived exertion (RPE) score were also
recorded. After the experiments, the energy consump-
tion and walking energy cost were calculated. The terms
adopted were those of Nene and Patrick® and calcula-
tions performed according to their protocol:

Energy consumption (J/kg/s)

__Ambulatory min Vo, (ml/min)

K
Weight (kg)x 60 .

Energy cost {J/kg/m)
Ambulatory min Vo, (ml/ min)
- Speed (m/ min) x 60
where K=20.19J/ml, since 1ml O,=4.825cal and
lcal=4.1847.

x K

NK cell activities

Blood samples were drawn from an antecubital vein
with the patient in the seated position before and just
after orthotic gait exercise. The exercise consisted of
20min of continuous walking at the most comfortable
speed in the inside of the hospital ward.

NK cell activity was determined by (superscript: 51)
Cr-release cytotoxicity assay using the K562 cell-line
which derived from cells with chronic myelogenous
leukemia as targets, and calculated using the following
formula: %NK cell activity = {(experiment mean -
spontaneous mean)/(total mean — spontaneous mean)}
% 100. In all NK cell activity testing, percent of
spontaneous release was less than 5% of total release.
Effector:target (E:7) ratios used were 20:1. Controls
included cultures of untreated cells (spontaneous re-
lease) and cells treated with 3% sodium dodecyl sulfate
(SDS) (total release).

Table 2 Physical intensity during orthotic walking

Statistical analysis

Values are given as the mean+SD. Statistical difference
in NK cell activity between pre- and postexercise was
tested by paired t-test. Significance was accepted at
P<0.05. : '

Results

Physical intensity during orthotic gait

The average walking speed during orthotic gait was 18.
01+2.22m/min. Eight of 10 patients were able to walk
continuously, without stumbling, for 20 min. Table 2
shows the cardiorespiratory responses, energy consump-
tion, energy cost, walking speed, and RPE during
orthotic gait. During walking, cardiorespiratory para-
meters clearly showed a significant increase compared
with resting rate. The steady-state value of the Vo,
ranged from 1420 to 24.83ml/kg (average va-
lue=18.134+3.92ml/kg), and HR was 99.2-166.4b/
min (average value =142.534-19.84 b/min). The energy
consumption and energy cost during walking were
594+ 1.16J/kg/s and 19.6345.04J/kg/m, respectively.
The RPE score just after exercise ranged from 13 to 19
(median value: 15).

NK cell activity

The average value of NK cell activity in the SCI patients
at rest (12.7+5. 28; ranging from 7.6 to 23.4) was
remarkably lower than the standard value in the healthy
nondisabled persons (32.9+15.8). Nine of 10 patients
showed enhancement of NK cell activity in response to
the 20 min of orthotic gait exercise. The total average
value of the postexercise NK cell activity was signifi-
cantly higher than that of the pre-exercise (pre versus
post; 12.7+5.28 verses 17.764+6.71, P<0.05, Table 3,
Figure 2).

Vo, (ml/kg) HR (beat/min) Energy consmption Energy cost Walking speed RPE score
. (Jlkgls) (Jlkgim) (mfmin) (unit)
Patient Rest Exercise Rest Exercise
A 8.84 .17.39 84.6 154.0 5.85 17.55 20 15
C 6.76 14.67 104.4 132.9 4.94 16.45 18 15
D 4.57 18.05 96.0 145.1 6.07 16.56 22 13
E 6.71 15.62 78.3 131.5 5.26 17.19 18 13
F 8.29 21.14 104.1 166.4 7.11 29.06 15 19
G 6.78 24.20 62.11 132.5 8.14 26.22 18 17
H 6.70 16.01 40.1 99.2 5.39 16.12 20 13
I 9.75 24.83 81.0 143.6 8.35 29.33 17 17
J 5.80 15.19 107.8 163.0 5.11 19.67 16 17
Mean 7.03 18.13 85.18 142.53 6.10 20.61 18.01 15 (median)
SD 1.53 3.92 21.23 19.84 1.32 5.40 2.22 -
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Table 3 NK cell activity in pre- and postexercise

Patient Pre Post A(%Pre)
A 10.1 144 142.36
B 11.3 14.6 129.19
C 234 27.1 115.87
D 18.0 19.4 107.78
E 9.8 17.3 176.53
F 18.3 16.6 90.71
G 9.3 30.8 331.18
H 7.6 11.6 152.63
I 11 17.3 157.27
J 8.3 8.6 103.61
Mean 12.70 17.76 150.71
SD 5.28 6.71 68.87
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Figure 2 Natural killer (NK) cell activity in response to
20 min of orthotic gait exercise. Thick and thin lines indicate
the total averaged (n=10) and each subject’s value, respec-
tively. NK cell activity was represented by an E/T ratio (20:1)

Discussion

In the present study, we aimed to examine the effect of
orthotic gait exercise on the NK cell activity in SCI
patients. The main observations made here were as
follows: (i) the NK cell activity in SCI patients was
remarkably lower than the standard value in healthy
persons; (i) the NK cell activity was significantly
increased through 20 min of orthotic gait exercise, and
(iii) the one patient who showed decrement of NK cell
activity in response to exercise had an injury of the
highest level (Th5) and showed the higher energy cost
during orthotic gait exercise.

Previous investigations have reported that SCI was
accompanied by depression of immune system including
decrement of NK cell activities.> These findings, taken
together with the fact that paraplegic patients have
significantly reduced Vo, peak values as a consequence
of the reduction in the daily activity levels,'® suggest
that the decrements of NK cell activity may be the result
of limitation of the patient’s physical activity.

Because immune resistance is generally regarded as an
essential factor for health care, it is conceivable that
enhancement of immune function is important for SCI

NK cell activity in SCI patients
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patients to maintain decent physical condition. In this
regard, many investigations have reported the possibility
of enhancement of immune function through moderate
exercise not only in normal personsm’8 but also in SCI
patients.!! Kliesch et al’ demonstratéd restoration of
immune function through rehabilitation therapy in
treated subjects by comparison with those not receiving
treatment. The present result of exercise-induced en-
hancement of NK cell activity is in good agreement with
these reports. In the present study, the steady-state value
of the Vo, during orthotic gait was 18.13+3.92ml/kg,
and HR was 142.53 + 19.84 b/min (Table 2). The level of
physical intensity implied by these values was considered
to be suitable for promoting the general health of SCI
patients. Further, all of our subjects, with the exception
of patient F, could walk for a considerable time and
distance without exhaustion. It is therefore considered
that the enhancement of NK cell activities was the result
of the suitable aerobic condition during orthotic gait.

Finally, we considered why only patient F showed a
decrement in the NK cell activity in response to the
orthotic gait exercise. As mentioned above, this patient
showed the higher energy cost during orthotic gait and
had the highest level of injury in all eight patients. The
orthotic gait for SCI patients requires compensatory
motion of the residual trunk and upper limbs to swing
the paralyzed leg.'>'® Patient F, who was injured at
Th3, could not contract his trunk muscles due to motor
paralysis. Consequently, the excess energy expenditure
and burden on his upper limbs made it impossible for
him to achieve suitable exercise intensity for enhance-
ment of immune function during orthotic gait. His
higher RPE score (19: very very hard, Table 2) reflects
greater energy consumption than that of the other
patients during orthotic gait.

To date, many researchers have reported extremely
high-energy requirements of orthotic gait #1415
Although many devices have been developed to improve
this problem to date, it is still unknown whether the
orthotic use contribute to facilitate the health care for
SCI persons. The present result provides evidence of the
effectiveness of the orthotic gait exercise for promotion
of the general health of these SCI patients. However, the
question remains whether regular exercise training leads
to chronically elevated NK cell activity. Further study
will be needed to clarify this issue.
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AL, BICIEERTHEED S0%EESINbL S Z &
Bbb, :

EEBHITIL—=2
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U Je SRR O TR I 1 T D R B AT
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Y T RBITREBEEICE (L E2E LR B3DTH

ee [\ Ao

200 pV

5s
4 EEBT L~ TRIBOSTEHFEROLE
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BEIRE I & 2 e R g W EE AT 13 30
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TEMEOZEL T ~I2,
H43340EBEO N —= 7Y (138
RitR) & v —=r27% (12:8%) OBITRRNE
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FR 3 R BT i BT R B - 7o B RE IR
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Iho OfERE, BEBTIHEI GEREAT S
FREMERRR OB R REL 5 2 2 & 2R
T2LbDTH3, Tibb, HRAIZIZEEST
PEOBEEOHITIOEVDOKHRET S Z LT,
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Izo - BoBEO~NY RV AN (RIEERREE)
Lo TEHRBECERREDOBEGHEL S Z L
5 LIS LD, & N DOEBBEEIXNINL -
FEHLE Lic BHEENGEGT 2 TR S 0L
TWw3, MEREICE> CEMEEET 2L, ©
 DBE, THROESEEES I L > Tl - &
FTRREEE 22206, B -BiEFHAKREIN
% FRESEHIR O BEEERTTYY, & S I X B EIEEIED
BOWERT 2 LEERREECEEEEROR
BY X7 OEINEEL P, BHBGRo I Y
F—a YT, ZEEOBSEEEETOHIED
FELENE &N, & Db ILABHTTIIRIZRE
RSO EESEARBLE T A I L6, kR
HWKESSERT2dDEEZONEY,

FRE T, FHBRESEOSHTIBOREIC OV
TR, INETOWEREEERLEN6IL
RIBTIEOSR2BE L, T TCRKHELEI L TY
BEIBE Y, WERTHERAPEEYT L. £/, b
b OB DOWFERED S /MR 2 MmL,

ST D EHE P EREIREE OEEEER - 18
HEEXXHLTEDLEI BHRE L6 T D2
TV T3, %8B, FBTIREZ, SNH
ITEHOEHRN L Y R FHTEEEE 2SR
ELTHLAZEEDLHOLUDIHI>THL.

BIEREREEDHTINE

2% T, TEROEHERICZLSMES
FOoB&SBBENHTIRETH 28, M 1R
TEOEHPEER ORYEHERAWS Z
I & o CAAL - BATEEIMAREL 2 5,

EHTBEELSHTEH 2 ER TS0
2, OTHEEOHER, OBRENESRIEZ Cic
X BERFINAIGEO R, @OmMEDOHAIC L 5
A7y FRIZEBQFERR Y, WEBEZHTT
12D ASPOFESLEL LS, OWET
ZEBIZIZEESER 0D, THEEHORE
WX R R ElE 9 228 (ankle foot orth-
osis ; AFO), BB A IERET 2 B8 I I3E
HEMC THELEYBEIET 2% E (long leg
brace ; LLB 7z &), & S WX FREBIEEERIC E TR
RIEEWIX, BREMEDER (reciprocating
gait orthosis ; RGO 72 ¥) &3 X S5 WHFKEDIR
Blrdb¥ CEABNEEsNS. @, @DEAEN
ELHIEE AW AL L TR, TEORS-FH

* Gait Training for Health Promotion in Persons with Spinal Cord Injury
“ ENEREEE)NCY F—Ya vy —PIRAHERAE REE e (7359-8555 BRI 4-1) /Noritaka
KawasHmvA, Kimitaka Nakazawa, Tsutomu IwaYA © Motor Dysfunction Division, Research Institute, National

Rehabilitation Center for Persons with Disabilities
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a

Step ; Sibmedics #%1)
I ParaStep 2 & 2 {70 (News from the Miami
project to cure paralysis volX VI, No. 2, 2003 £ 9 ).
! ParaStep system D% (Sibmedics #D Hk— A~2—
Y (http://sigmedics.com/) L),

D7 abENHEH EEB T 3 Para
Step ([ 2), ¥B ¢ EEEMESIEEHAS DY
fend 70 FEEEE R PosR s h, Then
B ERIET O L Th RT3,

Lo, FEOBTFHOER « EEE2H5
S HBTEHOERICIZZEL wWEES 2 E
T3, EEBITHO SR EEE 2R U757
RO TREFEEDOHTROT AN ¥ — B
HEOK 3G, EBMEERMLT 213 LF—20
ANMIESTIERIS~6FCHE T 5 2 &
ENTV3, 20X RBED SR &I R

DEFHE 2R E, SEREDOHER - M E2E2
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L—AT, ZhoDRIEMBERCELCSE
DI 5 LRI TIEEN D R % B ERAGRIL
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Ezoh, EBOL I 5, EHESBEEZEDHT
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D DD TIXERA TR D 77— A03% \»
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T, HEEEEE OREHRE - B L Ty
PR LMBRELNLZONEA TV LT
5,

FRESEIM OIEEERTTICH T 5 UR
BT L 2 BEEDOBIMERD R HR
LEVrFREAND L DI, SIABITIC L B RRESE
BAOHEARISEEFEOMIECERT 2 2 & i3
B3 nTH S, £, HITEHEZER
FC AL, SEBIC I RRE RS O BEIRg 2 X b
vy FEE), 2o REEHOERNESSER I N
3-8, FEMHECEEEOHILC YRR ERD
bOrEzsND, LHrL, AEEEDIFELAL
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HENELNLZONICDWTIE, WEIERHKMI
B S I ENT AL,

bRbNOWEITE, FHELBEEOE
BHTHe, FRE TRWCATRBICERL 285
EEBE TSR TTCREND TS ( 3).
I DOFRIEEN, STHEBNCHE S BRI EDH
BOZELITHE D RABEMEA T B EREEB)
JaDESH RB| S IFTILICI>THRBETZHD
rEZ 6N, TR XE T 2 E5RrEiaE
ST, FMREEBOMRES ZME T 2 & b0 TE
BERHRERODDEFZOENS, I DHDFM
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ANy F 7 RMAEBICE D B AR
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NK cell activity (E = T

o

Pre-exercise Post-exercise
X4 20 3EOEEHITEENRIEO NK
REEnE{E

L3R T 20O IOV TIR—HLERIZE
SNTWVWARY, bhlbhBINE TRATERE
BBRTINRICES B DEbd 5, ZEHBELHE
PRIHRZ2ET L, OLBRRSEEEROF
BEEOBE I, —BEOBITEEREMRIC L - T
BHEENFA L, BRI o T 2 OREE NS
T3, QINnsDHEETIX, EESTIED»S
BHABERT DL, RECEELE XS, @
BHITIEBIARIIC (TN R IF L o b H
BETE, By BOoZEESTIBOERC L > T
WIRENC LM 5, REDE & & 2 ER
BED SNz, BEOREICIEAZND 5T H»
D, BITIRIC L 2HEELBEL—ETRE
whHDEERENE, BEOEIOEFR, 1T
EENCAE D BB O HIRIEE) L B EET 5
bOEEZ LN, SHBROFEMEREIFILNG,
BHHENRRI X 7ICHTIUR
EHEGRCRER T 2AHER, ZHEROSE
BEEOETZ0bORERE 25, SIHEDOFHE
A& SEET 2ERD S b EHONEEICBEE
TH5HbDELTE, MERE, MEIT7I7A4T7
A DAL, BB O M8 O KBt
BN B FREER OB B - (EERIREDS
EiFonsd, ZoFKKEL Thhvbhidsl, i
TR BHEE DO FIRI > THRER ORFH -
BEEIECELBEL S I ER2HERLEY, 20
R, STAIBITEENC X o TREERORH -
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L AT 0—ILENEL

EEEPEICD I EVARRETHI I L ERT L
b, LEOERBRIET R ILET 2882
BERDIBIERBRBLTNS,

¥z, LEREOLT TOEFEZE> T3 EHE
BETIX, MBTRESELEL (L0 L TKREH
AEDOE) & 2IEFEBREE~OYERIHRIE LN
Yy B, MERAMORE LHES T, BERE
BRaV 7547 ADEY, BEESHOEHL
EL?3, WERHESREER2E2 £ TRIEES, TN
2, bbb O TIE, EESTEROEEL
[BEEBDEESIR 2 V6T I L2 RBT 54
BEETWBEY J-720, TRER L T2 NEE
e EMILR YR LICE T, EI>TTHELR
EO#HEZ L5 THREENDHS L BFHL T
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IEEEEIC T DR
EUIHEREIRGE CREESE LR L TREE
BEBETLTWA I EBRESINTWS, K4
faktise &8 EE O ESTERENRIER O SR
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WHEDOIEEBITIC L - TRIEEEIEREICEMT
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|1 —e— Subj.D
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¢ Lo | —&— Subj.C
* . __y —e—SubjD
—3— Subj.E

PCI(beats/m)

1t 2 3 4 5 6 7 8 9 10 H

6 ZEESTIEEBICH S STEE (&), PCI (B) OXEft
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BIEB O 812 & 3 BB DIFEENR D
26dNBBDEEZLNS, INETOWRET
13, TEEHEEECBY 2 BARIEREDORY,
MehAsE oEEING L U HDL a2 VA 7 a—vigd
2 ¥ QIR OZAL, BERFHOEH" £
WEINTED, 86K INSDEDFELIIHL
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HOHER: - M ECHBEE/OLETEHE L2V,

KD RENTRE

Btz R EH R N2 0 & EREEESE O AHTT
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5, FHEEROFHFEREOET 2 YK
B FETH B EBNTBBENIZ T bDL
B>, —AT, MAUBHTIOGHEELTIANE
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(1] BisaI ) BFHERENEIL
WRD Z Ligd s, EESTEIEOERICIE—
EHEOFEEET 5, EE 5 130, MiEte
BEE 25 L LT, ARGO (advanced reci-
procating gait orthosis : ¥ 12M) L WIRKH
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oo level |- “ASIA | (m/min) |(beat/min)| (mi!/kg) | (J/kg/sec)| (J/kg/m) - -
A Ti2 B 19.29 135.5 20.24 6.81 21.18
B Ti2 A 20.06 99.2 16.01 5.39 16.12
C Ti2 A 32.58 114.3 17.63 5.93 10.93
D T2 A 27.22 140.2 14.91 5.02 11.06
E T A 21.55 129.5 15.62 5.26 " 14.63
F Tio A 19.99 132.5 24.20 8.14 24.44
G T1o A 18.35 131.5 15.41 5.19 16.95
H Ts A 11.64 110.1 16.75 5.64 29.05
I Tz A 15.58 163.0 15.19 5.11 19.67
J Té A 17.09 143.7 24.83 8.35 29.33
K Ts B 14.69 166.4 21.14 i 711 __________ 2 906 ‘‘‘‘‘
19.8 133.2 18.4 6.2 20.2
5.8 20.5 3.7 1.2 7.0
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a ! EasyStand 6000 Glider (Altimate Medical ftD R — AX—
¥ http://www.altimatemedical.com/ & 1),

b [ Parapodium (Singlevision #t® & — A «~X— http://www.
singlevision.co.uk/concept.htm &£ D),
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BEREMER: - M LI EDOREBEMT 200120 0» T
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de Bruin ED, Frey-Rindova P, Herzog RE, et al :
Changes of tibia bone properties after spinal cord
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