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A GAIT ORTHOSIS FOR PARAPLEGICS WITH A MOTOR-DRIVEN KNEE JOINT

Yuji OHTA', Momoko YOSHIDA!, Yoichiro SHINOYA?, Akihiro MATSUMOTO?,
Noritaka KAWASHIMA?, Kimitaka NAK AZAWA?, and Hideo YANO?

- ! Ochanomizu University, Tokyo, Japan, yuji@ce.ocha.ac.jp, ? Toyo University, Kawagoe, Japan,
#National Rehabilitation Center for the Disabled, Tokorozawa, Japan

INTRODUCTION

Various kinds of orthopedic devices have been developed to
assist walks and stances in paraplegic patients up to now.
Furthermore, the devices have been combined with functional
electric stimulation techniques to reduce the effort needed and
to walk farther. In this study we developed a new gait orthosis
featuring the rotating knee joint mechanism powered by a
linear actuator, and tested it with a spinal cord injury patient.

MATERIALS AND METHODS

Figure | shows the schematic diagram and the photograph of
the device we developed. A linear motion actuator was
mounted at the back of the knee joint of an Advanced
Reciprocating Gait Orthosis (ARGO). The actuator consists of
a low-inertia DC motor (3557, Faulhaber, Switzerland) and a
ball screw (Kuroda Precision Industries Ltd., Japan). The
stroke length of the linear actuation and the maximum knee
rotational angle were set at 15 cm and 70 degree, respectively.
As shown, the mechanism mounted is compact and its weight
is 0.8 kg. We used Ni-H rechargeable batteries featuring both
lightweight and large capacity (FHR-3US, 1600 mAh, Sanyo
Co., Japan). From the viewpoint of safety, we adopted an
infrared switch to control knee action in case that a user might
be caught by a cable and fall down. The switch is placed on an
arm crutch handle and pushed by a user itself along with every
step. Furthermore, the knee joint of ARGO: stays locked
thronghout extension phase. It is unlocked by the actuator
through flexion phase and is locked again at heel strike. We
measured the gait of a patient (male, 23 yrs, T12) with this
device on, by using the vicon system (Oxford Metrics Co.,
UK) at the sampling rate of 60Hz.

RESULYS AND DISCUSSION

Figure 2 shows the self-paced gait of the patient with and
without the device. As shown, the walking pattern with the
device was found to be close to healthy subject’s one. The
walking speed with the device was about 0.4 m/s, which could
be faster by trainings. The knee joint rotated sbout 40 degree
at maximum flexion. The patient expressed that the effort
required for walking was drastically reduced due to the device.
The fully-charged battery could last for about one hour walk

without exchange. The relationship between the foot-floor

clearance of the device and the mechanism must be studied
through further experimenis.

SUMMARY

We developed a new gait orthotic device for paraplegics. The

Linear
actuator

feature is the motor-driven knee joint mechanism which makes
patient’s gait close to healthy one. Through preliminary
experiments with a patient, we found that the walking speed
was about 0.4 m/sec, and we make sure that the effort for
walking was reduced by rotating the knee joint during swing

. phase.
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Figure 2 Measurement of the gait (right leg) with (lower)
and without (upper) the device.
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Measurements of the gait of paraplegics with an powered orthosis and

a comparison with the simulation data
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Fig. 3 Trajectory of the center of
pelvis {subject 1, p-a ARGO)

~ Fig. 2 Trajectory of the center of
pelvis (subject 1, normal ARGO)

Table 2 Amplitude of the center of pelvis (subject 1)

normal ARGO  p-a ARGO
Amplitude/cm ETF 2.9%0.5) 3.5(0.4)
EE 11.0(1.6) 8.6(2.3)
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Spdring Motor Evaluation Scale (SMES), the Barthel ADL-Index, and the Nottingham Health Profile (NHP) were used. Foliowing

parameters were also registered: length of stay in the hospital, use of -assistive devices for mobllity, and the patients

accommaodation after discharge from the hospital.

Resuits: Patients treated according to MRP stayed fewer days in hospital than those treated according to Bobath (mean 21 days

versus 34 days, p=0.008).Both groups improved in MAS and SMES, but the improvement in motor function was significantly better

in the MRP-group. The two groups improved in Barthel ADL-Index without significant differences between the groups. However,

women treated by MRP improved more in ADL than women treated by Bobath.There were no differences between the groups In the

Iife quality test {NHP), use of assistive devices or accommodation after discharge from the hospital.

Discussion and Conclusions: The present study indicates that physiotherapy treatment according t¢ MRP is preferable to the Bobath
program in the acute rehabititation of stroke patients.

References:Langhorne P, Wagenaar R, Partridge C. Physiotherapy after stroke: more is better? Physiother Res Int 1996;1: 75- 88. 2

Ernst E. A review of stroke rehabilitation and physictherapy. Stroke 1990;21:1081 - 85, 3 Wagenaar RC, Meijer 0G, Effects of stroke

rehabilitation. A critical review of the litterature. Rehabil S¢i 1991;4:61 -73

.4 - 27: contact author for complete referénce list.

P74 - MOVEMENT TIME DURING TRANSFER FROM SITTING TO STANDING AND BACK IN ELDERLY PEOPLE:
COMPARISON BETWEEN DEMENTS AND CONTROL SUBJECTS

Erance Mourey, Patrick Manckoundia, Véronique Dubost, Pierre Piitzenmeyer
Centre de Champmailiot, CHU Difon, INSERM/ERIT-M 0207 Motricité-Plasticité, 21079, Dijon, France

Introduction: The frequency of the poesture and movement disorders increase with age and often cause great dependency. In this
stutly we wondered if Alzheimer disease entalls some disturbance of movement organization and execution apart from aging

Methods: the movements of specnf‘ ics sites of the body were measured using a 100HZ opto-electronic movement anatyzer (ELITE).
Data were obtained from 7 females showing Alzhetmer disease (76-88 years) and 11 control subjects (70-80 years). The first
purpose was to compare the twa groups from execution time of Sitting to Standing transition (STS) and Back to Sitting (BTS). The
second purpose was to find out if the STS duration was different from BTS in the group of dements.

Resuits: in the STS time a significant difference (p<0.05) was found between the dements and the controls, The dements moved
more quickly (1.454 £ 0.382 sec vs 2.005 + 0.465 sec), Although the average duration of BTS was shorter in dements {1.965 &
0.355 sec vs 2.260 + 0.597 sec), no significant difference was found between the two groups. In dements, the STS duration was
significantly quicker (p<0.05) than BTS duration (1.454  0.382 sec vs 1.965 + 0.355 sec).

Discussion and Conclusions: the first result may iook surprising as Alzheimer disease has been reported to cause a deterioration of
motor control especially in complex tasks. However, this result can be accounted for by the fact that dements pay less attention.
Finally, the last result is in accordance with data from the fiterature both in non demented old people and young people. The BTS is a
complex task which needs fine postural control. This control doesn't seem altered in the subjects showing moderate cbgnitive
disorder,

P75 - A GAIT ORTHOSIS FOR PARAPLEGICS WITH A MOTOR-DRIVEN HIP JOINT

Y. Ohtal. M. Yoshidal, N. Kawashima2, and K. Nakazawa2
1) Ochanomizu University, Tokyo, Japan, 2) National Rehabilitation Center for the Disabled, Tokorozawa, Japan

Introduction: Various kinds of orthopaedic devices have been developed to assist walking and keeping stance of paraplegic patients
up to now. Furtherrmore, several research studies have been conducted to apply functional electric stimuiation technigues in order to
reduce efforts necessary and to walk farther. As another trial of powering it, we have proposed assistive arthopaedic devices by
using electric actuators. And we developed & device with a motor-driven knee joint and found that it could significantly improve
walking ability of spinal cord injury (SCI} patients (1). In this study we instalied a linear actuator on the hip joint of the orthosis to
assist swinging of lower limb, and tested it with SCI patients.

Methods: A linear actuator was developed by combining a DC motor {3557, Faulhaber, Switzerland) and a rack-and-pinion gear
(EP150, Asahi Seiko Co. Ltd., Japan) , and we mounted it at the hip joint of an Advanced Reciprocating Gait Orthosis (ARGO). The
actuator controls the reciprocating mechanism which Is originally provided on the orthosis and enables both legs to swing forward.
Whole mechanism mourited on the orthosis is really compact and its welght is oniy 1.4 kg. We used Ni-H rechargeable batteries
featuring both lightweight and large capacity (HR-3US, 1600 mAh, Sanyc Co., Japan). From the viewpoint of safety, we adopted an
infrared switch to control hip joint rotation in case that a user might be caught by a cable and fall down. The switch is piaced on an
arm crutch handle and pushed by a user itseif along with every step. We measured the gaits of two patients (male 23ys T12, and
male 29ys T6) with this device on, by using the VICON system (Oxford Metrics Co., UK} at the sampling rate of 60Hz.

Results: We measured self-paced gait speed from VICON data and found thiat the power assisting mechanism increased it far both
patients (T12:23% and T6:28%). Stride length also increased (T12:7% and T6:22%). The normal ARGO needs body sway on the
coronal plane {between left and right) t¢ produce enough foot-floor clearance for the leg swing. Since this power assisting
mechanism s supposed to decrease the patient's body sway, we analysed the trajectory of pelvis center projected on the coronal
plane and measured the amplitude. As a result, the amplitude was found to decrease (T12:22%). The patients expressed that the
effort required for walking was drastically reduced due to the mechanism. It is the point that has to be evaluated quantitatively by
oxygen consumption method for future study.

Discussion and Conclusions: We developed & hip joint driven orthosis for SCI patients and found that it could improve the patients’
gait and reduce the walking effort significantiy. Combining this reclprocating mechanism and our previous motor-driven knee joints
wotld show the way to a new robotic walking device. We could expect Increase of potential patlents applicable for walk orthosis.
That also means increase of possibility that functional centers in the injured spinal cord might be re-activated through daily
locomotor trainings (2).
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P76 - KINEMATIC MODEL OF THE SPINE : STUDY OF PARAPLEGIC SUBJECTS

PRADON Digier, Colloud Floren, CHEZE Laurence )
Laboratoire de Mécanique de I'Appareil Locomoteur, bat 721, Université Claude Bernard Lyon I, 43 Bd du 11 novembre 1918, 69622
Villeurbanne Cedex, France . :

Introduction:Many different tests of mobility are based on analysis of the finat position of the performed movement [1-2]. However,
such methods are not able to quantify the spinal column’s behaviour during the movement. A solution may be the modelisation of
the back as a multi-body Kinematic chain, allowing to understand and guantify how the movement Is organised. In order to better
understand the repercussion of the injury level, we propose a segmentation of the back modél adapted to the injured level of the
spinal cord. This model is used to analyse the maximai fiexion of the back on two subijects, whose injured levels are different.

Methods:For this study, we have selected two paraplegic subjects : one Is & young woman, suffering from a low paraplegla {L3-L1),
who keeps a good back mobility. The last patient Is injured in the high spinal cord part {T11-T12 level), The subjects were asking to
realise several trunk flexicn-extension cycles of maximum amplitude. Their hands rested on the hips and they were asked to fix a
target aligned with thelr eyes when they stand stralght on the stool. A Motion Analysis system (Santa Rosa, California) was used to
coltect the experimental data. Thirteen markers were glued over anatomical landmarks aliowing to define each body seégment. Six
cameras were located around the subject so that each passive marker can be seen by at least two cameras during the whole
movenent cycle. The 3D trajectories of these markers were then tracked by the system, with a sampling frequency of 60 Hz. The

kinematic model of the back consisted in ten rigid segments connected by ning jolnts. As the back movement during propulsion is -

roughly contained within the sagital plane, only flexion-extension degrees of freedom are measured for each joint model. The

kinematic chain base corresponds to the pelvis, defined by right and left anterior ang posterlor iHac spines. Then, the lumbar spineis .

spilt into 3 segments : from the middle of the posterior iliac spines to the 4th lumbar vertebra (L4}, from L4 to 12 and from L2 to the
12th thoracal vertebra T12. The thoracic spine is split into 5 segments : T12-T10, Ti0-78, T8-T6, T6-T4 and T4-T2. The last
segment corresponds to the cervical spine and the head. The angular variations between two adjacent segments are computed from
the trajectories of the corresponding landmarks, all along the flexion-extension cycles, in order to identify the rigid and mebile parts
of the back for each subject. :

Results: We have been interest by the value of the corner at the beggining and the end of the flexion. The areas of great or small
mobility can be defined with the amplitude of the movement between the differents segments. The low level paraplegic patient
shows 3 mobile zones. One Is located nearby L2 (18.4%), another about T4 (12.3%), and the fast one at the. cervical level T2
{12.3%). The high leve! injured patient also presents 3 mobite areas : two In the lumbar part L4 (9.3%), L2 (10%), ang one In the
cervical part T2 {10%), but the movement amplitudes of these joints are smaller. The amplitude of the whole back (segment defined

from the riddle of the posterior lliac spings to the top of the head) is 48.3% for the low level injured patient and 30.3% for the high

level spinal cord injury.

Discussion and Conclusion: The kinematic behavior of paraplegic patients confirms that the mobility of the back is directly dependent
on the level of the spinal cord injury. Actually, the mobility of the patient injured at T11-T12 levels is focused in the lumbar part
whereas the thoracic part is moving like a rigid block. For this patient, a segmentation in two parts (lumbar and cervical) whereas
the other one would be represented by @ model in three parts (lurnbar, thoracic, cervical). The resuits confirm the hypothesis that 2
quik simple kinematic model, which segmentation is adapted to the cord Injury level, is a usefull too! to analyse the back mobility.
References: [1] Kendali FP, McCreary EK, Provance PG. Muscles: Testing and Function (4th ed.). Baltimore: Williams & Wilkins;
1993:270 :

[2] A. Dauphin and A. Theveron, Sagittal mobility of the trunk: comparison between clinical and rachimetric measurements, Annales
de Réadaptation et de Médecine Physique, Volume 43, Issue 6, July 2000, Pages 270-278

P77 - EMG-ANALYSIS OF THE LEG MUSCLES IN HEMIPLEGIC CHILDREN WITH AND WITHOUT HINGED ANKLE-FOOT
ORTHOSES

1. Romkes, A.K. Hell, R. Brunner ]
Laboratory for Gait Analysis Basel, Children’s University Hospital Basel, Switzerfand

Introduction: Among the various treatment options in hemiplegic cerebral palsy (CP) children, ankle-foot orthoses (AFOs) are widely
used to prevent deformity and to support normal alignment and mechanics. The AFO achieves its function by modifylng the forces
and moments which the body is subjected to. When the body’s internal force system Is inadequate, most commonly an abnormal
pattern of meotion will occur. If, however, an orthosis has been correctly designed, constructed and applied to the patient, it may act
oF resist this abnormal pattern of motion and hence restore more normal function. The myoelectric signal, recorded as
electromyogram (EMG), 'during gait provides valuable Information with respect to timing of muscular activity. Previous studies
tnvolving 3D galt analysis [1-3] showed that AFOs are successful in correcting the excessive plantarflexion angle in the swing phase
of gait to improve pre-positioning of the foot for Initial contact and allow a heel strike in CP patients. EMG data on this improvement
of gait function towards normal have been less investigated. The aim of this study was to evaluate changes in muscle activation in
children diagnosed with hemipelegic CP during galt with and without wearing AFOs.’

Methods: 8 Children (5 boys, 3 girls; mean age 9.811.8 years) with miid to moderate hemiplegic CP have been Investigated. The
childran did not have any prior surgeries or fixed contractures and are experienced users of hinged AFOs. The children were testec
barefoot and wearing a hinged AFO and shoes. Only children with an initial toe-strike barefoot and a physiologlcal heel-strike witk
the AFO were included. All children performed a 3D gait analysis with a 6-camera, 50 Hz VICON 370 motion measurement syster
(Oxford Metrics itd., UK) and two forceplates (Kistler Instrumente AG, CH). Surface EMG (Zebris/Biovision, Germany) of the vastu:
medialls, vastus lateralis, rectus femoris, biceps femoris caput fongum, semimembranosus/semitendinosus, gastrocnemius lateralis
{only barefoot), and tibialis anterior muscle groups was collected of the involved side.

Resuits, Discussion and Conclusions: Mean ankle plantarfiexion at initial foot contact was 16.1° (range: 0.2° to 27.7°) when walking
barefoot and 3.4° of dorsifledon (range: -5.6 10 §.2°} with the AFO, EMG data showed reduced tibialis anterior muscle activity by the
AFO in alt patients, especially in early to mid swing phase. Muscle activation pattern was corrected towards normal for knet
extensors and hamstrings as well. These results indicate that the pathological muscle activation pattern present in CP-patients is no
only due to spastic activation but also to a compensation for the abnormal gait pattern.
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Inhibition of the human soleus Hoffman reflex during standing
without descending commands
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Abstract

The purpose of the present study was to ascertain the contribution of peripheral sensory inputs to posture-related Hoffman reflex (H-reflex)
modulation in the buman soleus muscle. The soleus H-reflexes were elicited in the sitting (SI) and passive standing (ST) conditions in
patients with clinically complete spinal cord injuries (SCI) and in neurologically normal subjects. The results clearly showed suppression of
the H-reflex amplitude during the ST compared with the S1 condition especially in the SCI group. Considering the lack of a descending neural
command in the SCI patients, our findings suggest that peripheral sensory inputs primarily contribate to the reduction of the soleus H-reflex

during the upright standing posture.
© 2003 Elsevier Science Ireland Ltd. All rights re%erved

Keywords: Hoffrnan reflex; Task—dcpendem modulation; Standing posture; Spinal cord injury

Previous studies have revealed that the amplitude of the
solens Hoffman reflex (H-reflex) was reduced during
upright standing compared with other postural conditions,
such as sitting |4], lying prone (8], or standing with back
support [6]. This modulation is in line with the well
established task-dependent nature of the H-reflex |2}, which
has been assumed to have a central origin, because this type
of modulation is impaired in patients with central nervous
system disorders |11,12]. On the other hand, it is generally
thought that peripheral sensory inputs according to postural

changes would also play a role in suppressing the

excitability of the spinal motoneuron pool. However, it
remains unknown to what extent peripheral sensory inputs
contribute to the inhibition of H-reflex excitability during
standing posture. In the present study, we attempted to
clarify whether the soleus H-reflex in patients with motor
complete spinal cord injury (SCI) is reduced when they
stand passively with support. We hypothesized that since
patients have lost neural transmission from the higher center
to the lumber level of the spinal motoneurons which
innervate the soleus muscle, if the amplitede modulation of
the H-reflex were to appear in accordance with postural

* Corresponding author. Tel.: +81-42-995-3100; fax: +81-42-995-3132.
E-mail address: nori@rehab.go.jp (N. Kawashima).

changes, we could at the very least conclude that those
changes were not induced by descending commands.’

Experiments were performed on six SCI patients and six
neurologically normal controls (SC1 group: 29.5 * 7.8
years, normal group: 28.8 * 6.7 years). All of the SCI
patients had lesions at the thoracic level (ranging from Th 5
to 12), and were categorized in clinically motor complete,
which corresponds to grade ‘A’ or ‘B’ according to the
classification of the ASIA (American Spinal Injury
Association) [9]. Each subject gave informed consent to
the experimental procedure, which was approved by the
biclogical ethics committee of the National Rehabilitation
Center for the Disabled (NRCD), Japan,

Subjects were placed in a special device (Easy Stand
Glider 6000, Altimate Medical, Inc.) that enables subjects to
passively maintain a standing posture while it holds their
trunks and knees. The experiments were conducted under
two postural conditions, sitting (SI) and passive standing
(ST). In the ST condition, the body load can be applied in a
manner similar to that of normal standing; therefore, it was
considered that a large portion of the sensory inputs, ie.
cutaneous input from the sole of the foot and afferent input
from joint receptors, was similar to that during normal
standing posture. In both conditions, the ankle joint angle
was kept at 90 degrees, and the hip and knee joint angles

0304-3940/03/8 - see front matter © 2003 Elsevier Science Ireland Ltd. All rights reserved.
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‘were set at 90 degrees (flexion) in SI and 0 degrees in ST,
respectively.

The surface electromyographic (EMG) signal was
recorded from the soleus muscle with the use of bipolar
electrodes. Because SCI patients generally tend to have
larger impedance in their paralyzed leg, special care was
taken to reject any artifacts in the EMG recording. The
EMG signal was amplified (The Bagnoli-8 EMG System,
DELSYS, USA) with band-pass filtering between 20 and
450 Hz and digitized at 5 kHz. The digitized EMG signals
were full-wave rectified after subtracting the DC com-
ponent. The H-reflex was recorded from the soleus muscle
every 5 s by applying rectangular pulses of 1 ms duration to
the posterior tibial nerve in the popliteal fossa with a
constant voltage stimulator (DPS-1300D, Dia Medical

System Co.). To record the recrnitment curve of the M -

responses and the H-reflexes, the stimulus intensities were
gradually increased from an initial value below the
threshold of the H-reflex to the maximal M responses.
Five responses were obtained at each stimmulus intensity. The
stimulus intensity was expressed as the relative value of the
“motor threshold intensity.

The magnitude of the M response and the H-reflex were
measured as the peak-to-peak amplitude of each response.
The maximum value of the H-reflex (H,,) and motor
response (M., were quantified. To evaluate the excit-
ability of the spinal motoneuron pool, the Hy,./My,, ratio
was calculated. Additionally, 50 H-reflex responses were
elicited simultaneously as the relative value of the motor
threshold intensity.

Values are given as the mean % SEM. The statistical
difference of each parameter was tested by two-way
ANOVA (2% 2; condition X group) with repeated
measures. Multiple comparisons (LSD method) were

120
100 3~ Sitting
-0 Standing
Normal
.
20
0 -

08 068 16 12 14 16 18
1 Stimulus Indensity (% M threshokd)
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applied to identify differences beiween the Sl and ST
conditions, and between the SCI and normal groups.
Significance was accepted at P << 0.05.

Neither the SC1 group nor the normal group showed any
background EMG activity (BGA) in the soleus muscle
during ST. In previous studies regarding posture-related H-
reflex modulation, the effect of background EMG activity in
the solens muscle during standing was eliminated by the use
of voluntary coniraction trials in neurologically normal
subjects in other postural conditions, such as sitting [4] or
standing with back support |6]. In contrast, in the present
study, the passive standing posture allowed for comparison
of the H-reflex amplitude in subjects standing and sitting,
and the background EMG activity was also eliminated.

Fig. 1A illustrates a typical example of the recruitment
curve of the H-reflex and M response under each postaral
condition. As clearly shown in -this figure, the reduced H-
reflex responses in the ST condition were lower than those
in the Sl condition, in both the SCI group and the normal
group. The average values of the M.y, Houe and o/
M max 1atio are summarized in Fig. 1B. Although it was not
statistically. significant, the M., value showed differences
between the two conditions. In both groups, the Hp/Mmax
ratio was lower in the ST condition than in the 81 condition

. (S8C1 group: SL vs. ST, 0.73 £ 0.05 vs. 0.55 = 0.08,

Amplitude (mV)

Amplituds (mV)

P < 0.05; normal group: 0.57 = 0.09 vs. 047 £ 0.10,
P < 0.05). The amplitude of the H-reflex under the
condition of a constant size of the M response also showed
significantly lower values in the ST condition (P < 0.05,
Fig. 2).

Depression of the H-reflex amplitude itself was in good
agreement with findings from previous reports [4.6.8]. As
regards the neural mechanism of this modulation, it is
thought that the descending command from the higher
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Fig. 1. (A) Typical example of the recruitment curve of the H-reflex and M responses during passive standing (open circles) and sitting conditions in a spinal
cord injured patient (above) and in a normal subject (below). Response size end stimulus imensity are expressed as a percentage of the maximal M response and
the motor threshold, respectively. The error bars indicate the standard error of the mean value. (B) Summary of the Muaz, Hinax, and caleulated Hiyox/ Minax ratio
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center is dominant over the peripheral sensory inputs.
However, the present results in the SCl patients clearly
demonstrated that the peripheral sensory inputs associated
with postural changes would be the primary neural source
responsible for modulating the excitability of the spinal
motoneuron pool.

Due to the postural transition from sitting to standing, the
body load applied in a vertical direction would be expected
to undergo a large shift. Dietz et al. {1989) |3| conducted an
underwater experiment to demonstrate that the compensa-
tory EMG response (long latency reflex) to stance
perturbation increases as body weight increases, but is
saturated at a subject’s actual body weight, suggesting the
importance of load information for determining spinal reflex
sensitivities. As regards the contribution of load-related
peripheral inputs to the soleus H-reflex, we observed that in

~a micro-gravity environment produced during parabolic
flights, the soleus H-reflex was significantly increased while
the subjects were maintaining a standing posture |10].
Furthermore, our group recently observed that H-reflex
excitability also was enhanced in a reduced gravity
condition under water as well. Interestingly, the H-reflex
was reduced when the knee joint or ankle joint was loaded
by the attachment of additional weights; moreover, the H-
reflex increased with the unloading of those joints
(unpublished data), suggesting that the somatosensory
information related to load plays a role in the reduction of
the SOL H-reflex while standing. In the current study, the
presence or absence of body load caused marked differences
in the H-reflex responses observed under SI and ST
conditions. It is therefore possible that the load related to
peripheral inputs plays a role in the underlying mechanism
responsible for the present results, Furthermore, Knikou and
Conway [7] recently revealed that the H-reflex amplitude

was reduced as a result of tonic mechanical loading applied
to the sole of the foot. Importantly, this result was observed
in clinically complete SCI patients, suggesting that
cutaneous afferents exert an inhibitory effect on the H-
reflex at the spinal level. Taken together with the above
findings, the present results suggest that graviception, ie.
the load at the verfebral column and lower limb joints, and/
or cutaneous information from the sole of the foot each play
a role in reducing the excitability of the spinal motoneurons
to the la inputs while standing upright.

In this study, both M, and Hp.. values showed
significant decreases in the SCI group as compared with
the normal group. These results may be accounted for by
changes in the muscular and neural composition after SCL.
On the other hand, the H, /M., ratio under the Sk
condition was significantly greater in the SCI than in the
normal group (SCl wvs. normal: 0.72 = 0.04 vs.
0.56 = 0.08%, P < 0.05). Previous investigations have
revealed that SCI patients generally show hyperexcitability
of the spinal motoneuron pool, as a result of the lack of
descending neural regulation from the higher nervous center
to the spinal cord | 1,5}, The hyperexcitability of the spinal
motoneurons has generally been considered to be relevant to
the spasticity, which is a typical symptom in patients with
SCl. Considering these points, the reduced H-reflex
observed during the ST condition in the SCI group suggests
that even in SCI patients, the standing posture could
generate inhibitory neural inputs to the soleus spinal
motoneuron pool. This finding might have some impli-
cations as regards the development of rehabilitative
strategies to counteract spasticity in SCI patients.

In summary, in this study, we aimed to ascertain the
contribution of peripheral inputs to posture-related H-reflex
modulation by examining how the soleus H-reflex in SCI
patients and healthy subjects differs when posture changes.
We hypothesized that if the peripheral sensory inputs due to
the postural changes can modulate the excitability of the
motoneuron pool, then the magnitude of the H-refiex in SC1
patients would be altered. The results clearly revealed
differences in the H-reflex responses under ST and SI
conditions in SC) patients, suggesting that peripheral
sensory inputs may indeed play a role in reducing the
excitability of the spinal motoneurons when subjects are
standing. These results provide evidence of the existence of
a peripheral component involved in posture-related H-reflex
modulations.
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orthosis in thoracic level of paraplegic patients
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Tokyo, Japan

Study design: Comparative study of the effectiveness of walking exercise with a newly
developed gait orthosis, the weight-bearing control (WBC) orthosis, for thoracic level of
paraplegic patients. ‘

Objectives: To test its feasibility as a rehabilitation alternative for paraplegic patients, the
energy consumption and cost during walking with WBC were calculated and compared with the
values of conventional orthoses given in previous reports.

Setting: National Rehabilitation Center for the Disabled, Japan.

Methods: Four paraplegic patients with traumatic spinal cord ifijuries ranging from T8 to TI12
participated. Experiments were conducted after 3 months of the orthotic gait training with
WBC. The cardiorespiratory parameters were continuously measured at rest and during walking
with a telemetric device. The steady-state value of the oxygen uptake (¥g,), heart rate (HR), the
energy consumption (J/kg/s) and energy cost (J/kg/m) were calculated.

Results: The average walking speed was 19.0+2.58 m/min. The steady-state value of the Fp,
and HR were 16.08+1.93 ml/kg and 147.3+10.94b/min, respectively. The energy cost during
orthotic walking tended to be better than the values of conventional orthoses, whercas the
energy consumption was almost similar.

Conclusion: WBC enables thoracic level of paraplegic patients to walk at relatively higher
speed than conventional orthoses under similar energy expenditure. The special devices
equipped with WBC are therefore considered to lead to improvement of the energy cost of
walking. The. physical intensity presumed by cardiorespiratory responses during walking with
WBC is suited to promote their aerobic capacity. Therefore, it is concluded that the WBC
orthosis could be an effective alternative in rehabilitation for thoracic level of parapleglc
patients.

Spinal Cord (2003) 41, 506-510. doi:10.1038/sj.5c.3101494

Keywords: spinal cord injury; orthotic gait; rehabilitation; energy consumption; energy cost;
physical intensity

Introduction

Previous studies have pointed out that the high energy
cost has been one of the major problems of the orthotic

- gait for paraplegic paticnts. =5 Although many devices

have been developed to improve this problem to date,
it is still difficult to satisfy the requirements of both
paraplegic patients and therapists. The futile energy cost
should lead to exhaustion in a few minutes of walking.
As a consequence, orthotics are frequently abandoned
after being used for ounly a short time in therapeutic

*Correspondence: N Kawashima, National Rehabilitation Center for
the Disabled, 4-1 Namiki, Tokorozawa City, Saitama Pref. 359-8555,
Japan

phase.® Especially for thoracic level of paraplegic
patients, a considerable effort of their upper limb and
trunk above the paralysis is required during orthotic
gait, and this is the main reason of the limitation of the
orthotic use.?”

One of the major purposes of the orthotic gait for
paraplegic patients is the promotion of their health.
Since previous studies have suggested the positive effects
of walking exercise on secondary disorders, such as the
urodynamics® and digestive functions,” paraplegic pa-
tients should make efforts to facilitate their own physical
activities in daily life not only with a wheelchair, but
also with walking exercise. To this end, the energy cost



