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The Force and Endurance of Wheelchair Propulsion in Persons with Cervical Cord Injuries
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Department of Physical Medicine and Rehabilitation, Ajou Medical Center, IDepartment of Rehabilitation Medicine and Research Institute
of Rehabilitation Medicine, Yonsei University College of Medicine, 2Department of Physical Medicine and Rehabilitation, Ajou University
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Objective: This study was carried out to help the compre-
hensive rehabilitation of cervical cord injuries by measuring
propulsion force and endurance on their wheelchair hand-
rims, predicting the differences between neurological levels
and analysing the factors which contributed to maintain the
wheelchair propulsion force.

Method: The BTE work simulator was used on 17 cervical
cord injuries to test the force and endurance during wheel-
chair propulsion. The 141 large wheel of BTE work simula-
tor and standard wheelchair which was removed handrims
was used for simulating wheelchair propulsion. Wilcoxon
rank sum test was used to compare force and endurance
among the groups.

Results: The wheelchair propulsion force and endurance

showed significant differences between neurological levels
and types of the life style. The lower the level, the higher
the strength and endurance (p<0.001). The wheelchair pro-
pulsion force of cervical cord injuries showed statistically
significant differences between those with and without jobs
(p<0.05). The outdoor wheelchair users and wheelchair
propulsion exercise group showed significantly high maxi-
mum isometric strengths compared to the indoor users and
the only ROM exercise group, respectively (p<0.05).
Conclusion: During the rehabilitation period cervical cord
injured persons need the wheelchair propulsion exercise
using BTE work simulator to improve the quality of life. (J
Korean Acad Rehab Med 2003; 27: 49-57)

Key Words: BTE work simulator, Wheelchair propulsion, Cervical cord injury
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Table 1. General Characteristics of Subjects

Variables Mean+S.D. Ranges
Age (years) 32.4£6.0 21~43
Hospital stay (month) 16.1£13.9 4~48
Vital capacity (cc) 2529.4+718.4 1300~ 3800
Durati f wheel
Lreion of Whee 60.8+59.1 3~240
chair ambulation (month)
Exercise time/day 1.1+0.8 0~4
Time for indoor W/C
ime or. indoor W/ 67458 0~14
ambulation/day
Time f tdoor W/C
ime or. outdoor W/ 37448 0~13
ambulation/day
Total time for W/C
otal time for W/ 9.9+5.8 0~16
ambulation/day

Values are mean+S.D.
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Table 2. The Force and Endurance during Wheelchair Propulsion
on Dominant and Nondominant Hand

Neurological Dominant Nondominant value

level (n=17) (=15)" pvalu

Maximal isometric force*
C6 14.816.8 16.7£11.8 0.533
C7 26.913.1 22.9+6.
C8 36.319.3 43.2

Maximal isotonic force*
C6 7.1£3.7 6.4+6.5 0.208
C7 18.2+5.3 14.2+8.3
C8 27.249.2 36.2

Endurance’
Cc6 332.5+£185.9 266.5+178.8 0.323
C7 1006.3£584.3 631.3+£350.9
C8 933.0£120.1 1169.0

Values are mean+S.D. (unit: *nm, ' joules).

¥ Excluding one finger amputee and one T1 subject
4 ot
1) &4 2o R £XHD x| P

A o £k it Hd 544 P2 156489 Nm

olal, AL TH £AAE 242454 Nm, A 8H &A1&
37.4+8.8 NmZ £/ HHE F3 2ol HPtHp<
0.001)

784 oW £ W Ao 544 2 6.844.8 Nmo]
I, AF 7TH £ARE 156280 Nm, 45 8 &A=
28.749.8 NmZ &4 HHZ {93 2o]E BAT(p<

A 6 &4 B ATy 9o e 320141967
Jouleso] L, A4 7H &4 1}1_ 845.5+512.3 Joules, A 8
H &A= 898.04292.7 JoulesE A4 £4F ¥ E &
93t zto]E H P tHp<0.001).

2) Zdof WE XA FZ2n} x| 7

A Aol Y A 64 LA BT A S34
17.3+12.2 Nm, 45 79 £33 28.612.3 Nm, 3

rlo el

Hd £ 41.148.4 Nmolaz, A o] gle 44 6W &
AAE 149180 Nm, A5 7TH €42 22.015.2 Nm, 7
& 8 &4k 302441 NmE A 534 g Y #
FoF frogk zfolzh A Thp <0.05).

Al Agel de A 6H &4 F Al s34
Bl e 72444 Nm, A5 7TH £AAE 224453 Nm A
8¥ £AAE 32.649.7 Nmo| i, A o] Qe A 6H &
A= 6.6452 Nm, A5 79 £42+E 12.147.0 Nm, 45

8¥ &4AbE 208424 NmZ Ho) 534 2 4
ok ol ZFol7k A Thp <0.05).

A
o
—d

aAl Aol e AT 631 &AL F AT 9
k& 277.0+195.8 Joules G 7H AR E 10035 199.3
Joules, 34 8 £AFA= 1083.3+311.2 Joules©] a2, & 9]
A AF 6 £A4AE 315.1£178.3 Joules, A 7TH &4

z}% 632.6i503.6 Joules, A4 8¥ <£AA= 750.516.4
JoulesZ A78 99 &2 A 5 s zol7F K
Hp>0.05).

3) & QXA AL AlZbof| E o RpA} R 1} K|

=

S AW oxpA} ARE AI7E
6w &4k W Ao FHA §
7H EAAE 250441 Nm, F5 8H —é

% B AW AR AR Azt
AHE 15.948.1 Nm, A5 79 £42E 22,7+
8.0 Nm, 75‘? 8 EAAE 4124103 NmE AW 9=}
AHE AIZHE ) 5HA e frod Atole A THp >
0.05).

SHE Ha AWl AR ARG AJZEo] 8AIZE o] 4l A

6 &4t B Al 584 P 78462 Nm, 45 7%
EAAFE 1592100 Nm, A5 8 &A= 25.6%8.6
olaL, A oA} AR AJZEe] 8AIZE mIRE] A 61 ‘/":}6
A 6.043.6 Nm, A5 79 £44E 124+7.1 Nm, 35
8 &A= 3174117 NmE AW o =}2} ALg- /\]7]-.1,} S
o %—’é“é A 7938 Aol= flATHp>0.05).
AW o2bAE AR AJ7Eo] 8AIZE o] 3l A
AR B AT 4o ¥ 346.2+227.6 Joules,
e T E4AE 801.9+440.3 Joules, B 8¥ &A=
987.3+410.2 Joules®] 3L, 2] ] #}3} A}-& A|7Fo] 8A|7F T
wkol A4 6 &A= 272.8+135.2 Joules, A TH &4
A= 665.0£533.5 Joules, 81 <=4} = 957.3+410.2 Joules
2 AW AR AR A AT A e G Aol
E A0tHp >0.05).

rlo
O
)
I+
5
Q
Z,
B
oﬁ
i

- 33.7i6.7
/\] ZF m)gkel

4) Alo| S|RER} AKZ AIZHO| T}E O| XX} Z AT} X|
22

S H A9 oA} AFE AlZEo] SAITE o]l AL
6 £3ake) Wit Ao SH4 e 277456 Nm, BF
7H E4AE 291419 Nm, 35 8 £4AE 383495

Nmo] L, &FF B A2 o2} ARE- A7) 5A17F W] Rkl
A 6 £A4AE 10.7£3.6 Nm, A5 7H £4AE 226
52 Nm, 25 8 €A4AE 33.1100 Nm2 J) S3HA g
< A Hat A gAAF AR AZEE fref gk Aol ) ATk
(p<0.05).

st i A9 AAF ARG Aol SAIZE o)l A



6w E3Ake] Wt A 5348 W2 127445 Nm, B
7TH SIS 209445 Nm, B9 8H S4AE 29.9+10.4
Nmo]iL, a7 A8 oA} ARG A7k 5AI7F W] Rkl
Aa 6 £ 46122 Nm, A5 7TH &A= 12,7+
9.3 Nm, L{té} ‘C225+00Nmi z‘t]rH SAA 3

(p>0.05).
6} it A AR} ARG Aol 5AIZE o))l A
H a1 27 do] kS 502.3+194.3 Joules, A5 7TH
%*Jz}t 984.0+273.7 Joules, A4 8%l &A= 1017.6+
306.9 Joules©] 31, 317 Bt A9 o|Apa} A& A ko] 5A|%F
ujakol A4 61 £ARE 225.0489.7 Joules, B 7H &
AAE 680.3+487.8 Joules, A+ 8H £AAE 746.0:0.0
JoulesZ A 78 d9o] ok o Ht A9 oA} AL A|7H
7 FoJ gk zeo]7b gl thp>0.05).

N 2S00 WE XA FEEHD X[

— —

6 &te] W Ao
TH &R 235455
Nmo|i, Wjd 713 &
17.3£122 Nm, B34 79
&£ AE 33.1£0.0 NmE
24 2 s &

o
ek
N

o
==
©

0 Oﬂ, O_>|: fll
N
2
Ao
i
tlo
g‘L
rr

A o
flo
=
o
I o
[e o]
o
Z,
3
@5 o o

ol
N
o0
¢
>
o
D
rir
(%)
OO
)

g
o —1> +r

l‘ll‘

_,d
N
o &
rr
o0 ol
z
o
z
b
o>

2o
rr
[\®]
(@)
[\®]
|+
(9]
e
ol
+r
>
iz L
Fl‘

= rfr o
1o ox o

A
Mo
offl

[o
QL
rir
N,
1o

ﬁfﬁ

L
N
=~
2o N
32
o
5
\Y4
o
o
Q
o\—/
offt
_pl

o
==
4

oﬁ, O_>|: il
i
o
X

B A
13.7+10.3
F718 &
44 Nm, 35 7TH
A= 22.510.0 Nm=Z

m Yo fold A

N
x
Ho

i
QL
rir
ol
i
=

Z,

B

on

-

~
e
b

o

_>|i

olrt
)
m& fr Lo

Z,
B
r ot N
rlo
(o)}
(o)}
-
W Of

oo

3
T

o

o fr
)
N
o
st
IS
~
Z,
8
o
jil
=2

el

Olﬂ 0>' ~
_|_4

o

Ol

B}

52

¢

ol
B3
o

)

t\)

o M

4 rpr

P ot
e ox o
)
fr

LI
Mo ¥
offl :
tlo >
o 3

e
N
1o
e
=

N
.
J

o
=

9

7F 12Tk p >0.05).

Wy F718 5E& e A
o] kL 315.1£178.3 Joules — 678.7+487.5
Joules, 44~ 81 &£42k= 1017.6306.9 J ulesO]J_ o)
F714 +5& A ?%—‘E 3 6% SRS 277.0+195.8
Joules, A5 79 £42F= 989. 0+2673 Joules, 25 8 &
AAE 746.010.0 JoulesE "l F713 5L =X 9
A8 U Fe FAT Aot ALTHp>005)

6 23 70 WE AXAL FEHD X7

ko) A A7

rE &
b
o>

e

ox

= 2
pE

P

ARzt v e e AT
A Y2 277456 Nm, F 7TH &A= 282421
Nm, 25 8% &4 385103 Nmo| 1, 8 55 3

FRol whet Ao 5314 ?:s;% 13 Aol A9k

olnly of 491 : FHANR oxA FHHY X7 53

g 61 &4 H Ho)
F TH &4 10.848.9
6.9£12.0 Nm°] 12, #4d +55 3}
4522 Nm, A 7TH €42
AAE 29.6£104 NmE 59 257
gk &Fol 7k A THp >0.05).
A4 oW &4k Ht Ay
3 Joules, 7H &A= 678.0£513.3
Joules A StH —é%x}—t— 1220.5+340.1 Jouleso] 1, ¥4
$FE e A5 69 £4AE 225.0489.7 Joules, A5 7
W £ 2k= 795414531 Joules, A 8 £ A= 848 3t
214.3 JoulesZ 52 F7Fol wet A 78 o] ¢k
& a7t fldthp>0.05).

TS
o

l‘li“

s

Q

7) 7|8 o|&0f mE ofxjA FFD} X7

W F714 &S e Ag 6 &4 Wi A
A P2 182+100 Nm, B 79 &A= 246449
Nm, 234 8% 42 41.1£8.4 Nmo] L, wj 5 7]%4 9l
=35 31X o= A4 61 £42+= 10.843.3 Nm, 44 7TH
&R E 23,6267 Nm, 45 81 &4AE 30.244.1 Nmi
W F713 JEH Hd THA P& o3 2olrt U
THp>0.05).

= F713 YEE st A 6W &4 B A
5474 ¥& 85452 Nmo|al A4 7TH &4 } 110+64
Nm, 744 89 £A4A= 32.6£9.7 Nmo
5 oA ¥ AT 6 &4
&A= 20.0£10.0 Nm, o# 8
2 wjF 713 9% JY F
AATHp >0.05).

= F713 &S ste A 61 &7k Hi AT
Qo] 9kS 359.1+201.3 Joules, 7H1 E£AAE 805.0£544.6
Joules, 81 £24AF= 1083.31311.2 Joules®] 2, w5+ 714
ﬂg— SHA] %= A4 6 £3A= 205.4+36.8 Joules, 73

79 =4S 688.0£332.1 Joules, A4 8 EAAE

750.546.4 JoulesZ W|F F7134 =3 T8 do %4
frefgh &pol7b gl thp >0.05).

8) Ltof, R4 7 |2k, HEE, ARt ALS AlZh 1Y 23
X

3.8+1.6 Nm, 73? 79
£ 2= 20.842.4 Nm
d 32 fog zpolrt

=0, —
AlZh 1 AR O[XfAL ALS AlZEnh OfAFAL S22
2{3} x| 72 o| onjol A B

dole Al 57374 A3t fFrelg 948 BA7F )l
<0.05) A 717k H ] o

o3 =33 BA7E AATHp<0.05). HLFE Al 5
3 Fp<o00n), A 5448 A 2 AFH Ao Ft {9
g =47 BATE AATHE<001). 19 A 23} AFEA]
& A 8 <005 R AT Ao g ot
=38 BA7E AATHp <0.01). 19 A2 oAb} A&z



54 chstxjEests|x| M 27 2 M 1 & 2003

Table 3. Relationship of Variables with Maximal Force and Endurance

Spearman’ correlation coefficient: r

Variables
Maximal isometric force Maximal isotonic force Endurance
Age -0.1981 -0.3509* -0.2777
Duration of hospital stay 0.3213 0.3933* 0.3423*
Vital capacity 0.6241" 0.4789" 0.4403"
Duration of W/C ambulation 0.1370 0.1567 -0.0830
Exercise time/day -0.0043 -0.0117 -0.1358
Time for indoor W/C ambulation a day 0.3136 0.3636* 04357
Time for outdoor W/C ambulation a day 0.6081" 0.3593 0.1030
Total time for W/C ambulation a day 0.6367° 0.5895° 0.6078°
*p<0.05, ' p<0.01, T p<0.001
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