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M., Ito, Y., Kawakami, Y., Ichinose, S., Fukashiro, T., Fukunaga; Nonisometric
behavior of fascicles during isometric contractions of a human muscle.
J.Appl.Physiol .85(4): 1230-1235,1998.
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178 179 1991
25 26 1991
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force

(%MVC) |(cm) (cm)
20 1.18 1.17 1.46 1.27 1.33 1.07 0.93 1.11
40 1.65 1.72 1.81 1.73 1.55 1.79 1.59 1.64
60 2.2 2.15 2.23 2.19 2.11 1.99 2.09 2.06
80 2.87 2.59 2.63 2.70

force

ey () ¢)

11.41 | 12.37 10.84 | 11.54

20 13.39 | 13.86 14.01 13.75 12.74 12.44 | 13.83 13.00
40 15.78 15.34 | 14.98 15.37 12.25 14.16 13.59 13.33
60 16.95 17.53 17.19 17.22 15.29 14.43 15.76 15.16
80 19.38 19.14 | 18.86 19.13
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Case Age Level of Time since Treatment with FES
injury Injury (month)
(month)

1 42 T6 12 72

2 39 15 15 5

3 63 T2 12 96

4 ol C7 18 72

5 50 C7 38 42

Case No.

Muscle Gluteus maximus
Gluteus medius | | o | | ]
‘tensor faciae latae | x |o |x [x |
Vastus lateralis | | | | | |
Vastus medialis | | | |3 < |
Wedial hamstrings |0 |o |x | |
Lateral hamstrings |0 |o [x | | |
Adductors | | o | | ] ]
psoas major o |x |x [x |x
Quadratus Lumborum |0 |x |x [x |x
‘paraspinalis | | o [x |x | ]

Nerve Femoral nerve o
‘Peroneal nerve |0 |o | |3 < |
Tibial Nerve o |o |x [x |

Implanted and stimulated in standing FES
o : Implanted and not stimulated in standing FES
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x : Not implanted
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Roles of Upper extremities with complete paraplegia in standing FES

T. Fujii, K. Aidu, S. Yamamoto, M. Ichie, Y. Handa, N. Hoshimiya, [. Handa
Tohoku University, Sendai, Miyagi, Japan

Abstract
We have developed a motion analyzing system with
eight force plates for upper extremities in standing FES
and measured the efforts of upper extremities of three
complete paraplegics with FES using percutaneous
electrodes. At vertical direction, there were small
reaction forces of upper extremities, but, at anterior and
posterior direction there were efforts for correction of
body balance. The reason why patients couldn't leave
their hand off the parallel bar in FES standing is that

small horizontal force are needed.

Introduction/Background

We have developed a functional electrical stimulation
(FES) system using percutancous electrodes , applied to
spinal cord injury(SCI) patients, and restored standing
function[1][2]13). Stability of standing with FES to SCI
patients with complete paraplegia was given by efforts
of their upper extremities, without feedback control or
dynamic feed forward control.

By the way, we developed a motion analyzing system
for upper extremities in FES standing and gait of
paraplegics, using eight force plates and three
dimensional motion analyzer,

So, in this study, we measured motion and reaction
force of shoulder and elbow from complete paraplegics
in quite standing FES and analyzed their roles.

Methods

a) Subjects: Three complete paraplegic patients (3 men)
participated in this study (Table 1). Their average age
was 44.3 years old. The average time since spinal cord
injury was 68.6 months and the average time of
treatment with FES was 40 months .

Table 1 _Patients information
Case | Age Level of inpury Time since | Treatment with
(v.0.) Imjury FES
A (month) | (month)
A 39 T3 20 6
B 51 c7 96 42
C 43 Ts 90 72

b) Electrical stimulation: The stimulation data for
stimulated Gluteus Maximus muscles, Gluteus Medius
muscles, Adductor maximus muscles, and Femoral
nerves were given by a portable multi-channel FES
system ( NEC Co. Ltd. ) using about thirty percutaneous

electrodes. The pulse trains consisted of a pulse width
of 0.2 milliseconds, and a pulse interval of 50 msec.
Each pulse amplitude was from 0 to -15 volt. These
were fixed in standing.

c) Analysis: A motion analyzing system was consisted
of eight force plates (Kistler Co. Lid. ) , eight infrared-
cameras and a computer (VICON). Figure 1 shows its
apparatus. Patients were standing on two force plates
and parallel bars were on four one used for measuring
of reaction force of patient’s upper extremities.
Sampling frequency was 60 Hz, and 10Hz-low pass
filtered.

Reflective markers were placed over the lateral
malleoulous, on the lateral side of knee joint line
midway between the patella and the popliteal fold, over
the greater trochanter of the femur | over the acromion
of the shoulder, over the orecranon and over the wrist.

Patients were quit standing with FES in parallel bars
and measured with a motion analyzer in 2 seconds.

]

TAmera

(]

L

Figure 1 a motion analyzing system

AN

Force Plales

Results

Three patients could stand over 5 minutes with FES,
and make one hand left off the parallel bars within
several seconds.

Figure 2 shows reaction forces of Case A in FES
standing , (a) wvertical (b) lateral (c) anterior and
posterior. Reaction forces of upper exiremities were
smaller than those of lower extremities at wvertical
direction. But at anterior and posterior direction reaction
forces of bilateral lower extremities were negative and
that of left upper extremities was positive. This was
thought to be the effort for correction of body balance.

Figure 3 shows Average reaction forces of three cases

98



in 2 seconds with FES standing. In three cases, average
reaction forces of upper extremities at vertical direction
were smaller than those of lower extremities, but at
other two directions there were difference between
upper and lower. In case B at anterior and posterior
direction, same as case A, the effort for correction of
boedy balance by right upper extremities.

1a) Reaction Force of \i"'ru:ll h:ﬂnn

g W
folti s
i SE
e e

Y0 1 2

Time(sec) .

{b) Resction Forca of Lateral diraction

B
g
-
5
2 LLLE
=B0 7o
o os e B e
Time{sec)
(e) Resction Force qunt,m.'br—Ppﬂnrbf
diraction L
Z —
E ; ; o RUUE
] S e - O
- |—tlE
é =30 - - e
R0 A= 2
 Timelsec)

Figure 2 Reaction forces of Case A in FES standing
within 2 seconds. Rt. UE: Right upper exiremities , Lt.
UE: Left upper extremitics, Rt. LE: Right lower
extremities, Lt. L: Left lower extremities. (a) vertical
direction, (b) lateral direction, right positive (c) anterior
and posterior direction, anterior positive,

99

(a) Avorage Reaction Forces of vertical direction
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Figure 3 Average reaction forces of three cases in FES
standing within 2 seconds. Rt. UE: Right upper
extremities , Lt. UE: Left upper extremities, Ri. LE:
Right lower extremities, Lt. L: Left lower extremities.
(&) vertical direction, (b) lateral direction, right positive
(c) anterior and posterior direction, anterior positive.



Discussion/Conclusions

In two of three cases, there were efforts for
correction of body balance by upper extremities at
anterior and posterior direction, otherwise little effort at
vertical direction. So Main effort of upper extremities in
FES quit standing is thought to be horizontal force
balancer. The reason why vertical reaction forces were
small is that there is knee locking system and small knee
torgue with FES is enough when their knee joints are
complete extension position.

If a patient want to leave their hands off the parallel
bar in FES quit standing at long time, we must develop
two technique. The first one is the searching system of
body balance for feedback control. The other one is a
stimulation system for small change of  muscle
coniraction, because the upper extremities efforts were
very little. The latter one is more difficult.

Finally, we are developing a new FES system
which can make patient's hand frec in standing and gait.
And in our recent study the main problem is how the
weight shift can be done without upper extremities
efforts. At the next step, using this analyzing system, a
weight shifi control system only with FES will be
developed.
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ROLES OF UPPER EXTREMITIES AND BODY BALANCE WITH
COMPLETE PARAPLEGIA IN STANDING FES

T. Fujii', K. Seki', M. Ichie', Y. Handa®

! Department of Restorative Neuromuscular Surgery & Rehabilitation, Tohoku University
School of Medicine, Japan

? Tohoku University New Industry Creation Hatchery Center, Japan

INTRODUCTION

We have developed a functional electrical stimulation (FES) system using percutaneous
electrodes , applied to spinal cord injury(SCI) patients, and restored standing function"”,
Stability of standing with FES to SCI patients with complete paraplegia was given by efforts
of their upper extremities, without feedback control or dynamic feed forward control. By the
way, we developed a motion analyzing system for upper extremities in FES standing and gait
of paraplegics, using eight force plates and three dimensional motion analyzer.

So, in this study, we measured reaction force of upper extremitics from complete paraplegics
in quite standing FES and analyzed their roles.

METHODS

a) Subjects: Five complete paraplegic patients (5 men) participated in this study . Their
average age was 49 years old. The average time since spinal cord injury was 19 months and
the average time of treatment with FES was 57.4 months .

b) Electrical stimulation: The stimulation data for stimulated Gluteus Maximus muscles,
Gluteus Medius muscles, Adductor maximus muscles, and Femoral nerves were given by a
portable multi-channel FES system ( NEC Co. Ltd. ) using about thirty percutaneous
electrodes. The pulse trains consisted of a pulse width of 0.2 milliseconds, and a pulse
interval of 50 msec. Each pulse amplitude was from 0 to -15 volt. These were fixed in
standing.

c) Analysis: A motion analyzing system was consisted of eight force plates (Kistler Co.
Ltd.), eight infrared-cameras and a computer (VICON). Patients were standing on two force
plates and parallel bars were on four one used for measuring of reaction force of patient’s
upper extremities. Sampling frequency was 60 Hz, and 10Hz-low pass filtered. Reflective
markers were placed over the lateral malleoulous, on the lateral side of knee joint line
midway between the patella and the popliteal fold, over the greater trochanter of the femur ,
over the acromion of the shoulder, over the orecranon and over the wrist. Patients were quit
standing with FES in parallel bars and measured with a motion analyzer in 2 seconds.

RESULTS

Reaction forces of upper extremities were small at vertical direction, and the average effort
ratio of them was 10.9 %. But at anterior direction, reaction forces of bilateral lower
extremities were negative and that of left upper extremities was positive,

Table 1 shows joint moments of hip, knee and ankle of five patients with paraplegia in FES
standing. Hip joint moments were positive, but knee joint moments were negative.

When a patient elevated his arm to lateral or anterior direction, COP of bilateral lower
extremities moved to remaining arm side. Though the change was small, when a patient
elevated his arm to his mouse.
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DISCUSSION

Main role of upper extremities was thought to be the effort for correction of body balance
because hip extension moment evoked by FES were not enough. C posture is stable, and hip
and knee joint moments become positive. It was reason why subjects pushed his arm
backward by parallel bar that hip extension moment evoked by FES was small and they filled
deficit. As that result, knee position was moved forward and knee flexion moment occurred.
If knee flexion moment evoked by body gravity was larger than that by FES as muscle
fatigue, knee flexion must occur. At that time, they moved his hip and knee joint position
backward, but this posture was unstable and effort of upper extremities for body balance was
large. Without feedback control in FES system, upper extremities tuned body balance in this
way.

When a subject left his one arm from parallel bars, it was thought that many change occurred
and remaining arm was the important role because body rotation moment evoked by elevation
of arm must be controlled.

CONCLUSION
Without feedback control in FES system, upper extremities tuned body balance in FES
standing like complete feedback control filling a deficit of feedforward FES control.
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Case  Side Hip Knee Ankle
(Nm) (Nm) (Nm)
1 R 17.3 -1.6 4.0
L 10.2 -22 4.1
2 R 6.8 9.0 8.9
L 3.6 3.7 7.0
3 R 20.7 -21.8 21.5
3 16.7 -24.6 20.2
4 R 22 0.6 14.7
L 0.7 -03 21.1
5 R 13.2 -19.3 12.0
L 24.6 -14.7 10.2

Table 1: Joint Moments of five Palaplegia in FES standing. Positive values mean dorsal
flexion in ankle joint and flexion in knee and hip joints.
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