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Abstract

This study ecxamined the energy cost of
ambulation using the reciprocating gait orthosis
(RGO) and thc modified Isocentric RGO in
paraplcgic spinal cord injured subjects. In 4
subjects, the rates of O, consumption per
minutc, O, cost per metre, heart rate (HR).
respiratory  cxchangc ratio, velocity, and
physiologic cost index (PCI} were measured
during ambulation with the two orthotic
devices. PCl was calculatcd by dividing the
difference between walking and resting HR by
velocity. PCI was significantly lower during
ambulation trials with the Tsocentric RGO
compared to the RGO, but was the only
measurement that detected a significant
difference beween the two orthotic devices.
These results indicate that energy costs of
ambulation at self-selected speeds were lower
with the Isocentric RGO compared to the
standard RGO. Furthermere, PCI could be
used as a sensitive indicator of gait efficiency in
spinal cord injury subjects.

Introduction

In the last decade, considerable attention has
been directed towards the development of
devices that would cnable paralyzed people (o
achieve a reciprocal gait. The options available
to the spinal cord injured individual include
mechanical orthoses, functional electrical
stimulation (FES), and a combination of these
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two systems. Current systems using FES are
limited due to the Yow reliability and safety of
these systems (Yamaguchi and Zajac, 1990).
Therefore, at this time only the systems using
mechanical orthoses are practical in a clinical
and home setting (Stallard et a/., 1989).

The reciprocating gait orthosis (RGO} is onc
of the orthotic options available to spinal cord
injured patients with paraplegia. The RGO
consists of bilateral  hip-knee-ankle-foot
orthoses (HKAFQ) connected by an extended
pelvic band (Douglas ef al., 1983). This custom
moulded pelvic band functions as a lever, so
that ipsilateral hip extension is achieved when
the individual extends his back. Two Bowden
cables cross-connected to opposite sides of each
hip joint, mechanicaily couple hip extension on
one side to hip flexion on the contralateral side.
Rhythmic activation of the cable system causcs
hip flexion on alternating sides, thus producing
areciprocal gait pattern.

Although crossed cables are a simple and
reasonably effective way to produce reciprocal
hip joint motion. they may not be the mast
efficient mechanical coupling available. Since
the cables are secured only at cach end, some of
the energy associated with active hip extension
is wasted in unwanted cable flexion. In
addition, sincc a cable must be in tension to
effectively transmit large amaounts of force, only
half of the system is being used at a time. For
these reasons, any orthotic system that can
achieve reciprocal hip joint motion without the
nccd for a crossed cable coupling may
theorctically be  more  efficient  and
subsequently require less effort on the part of
the spinal cord injurcd patient.










Values are mean+SD*

indicates significant difference (p=0.04) between the

RGO and isocentric RGO.

Age Height Weight Levet of Time since
Subject (yrs) (m) (kg) Injury Injury (months)
1 36 1.83 70.31 TS 27
2 24 L.68 70.31 T8 25
3 25 1.89 83.92 T8 58
- 34 1.93 §8.00 Ti0 33
Isocentric
RGO RGO
O rate (ml/kg min) 14.2+1.8 13.0+1.4
O; cost (ml/kg m) 1.1+0.3 1.0+0.1
RER 1.1+0.1 1.2+£0.2
HR (beats/min) 145+23 144420
PCI (beats/m) 3.6x0.7 2.610.5*
velocity (m/min) 12.7£1.9 13.542.1
cadence (steps/min) | 30.3%6.2 31.3279
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reported in this study. This difference could be
due to the length of training with the RGO.
Their sobject had been ambulating with the
RGO for two vears and averaged § hours/week
of gait training.

A significant reduction in the PCI was found
in the group of subjects in this study when the
standard RGO hip joint was replaced by the
Isocentric RGO hip joint. Caution must be
exercised when a conclusion is based on a small
sample size. however, subjective reports from
the subjects included that they felt less fatigued
when walking with the Isocentric RGO.

Although a decrease in the O, rate per
minutc and the Os cost per metre was observed,
thesc two mcthods of expressing energy
expenditure were not statistically  different
bhetween orthotic devices. One reason for this
may be the small sample size. However, an O,
recording system that requires a face mask,
nose clip, and tethered cart may be so
disruptive to the subject that the oxygen
consumption measurements may not be
representative of the true cnergy requirements
of walking. [t has been observed that face
masks can block a test subject’s vision. This is
not a problem for normal subjects. bul in
certain disabilities where proprioception and
kinesthesia are absent or impaired. subjects
may have to rely upon visual feedback for foot
placement during gait. In the earlier stages of
this stedy an attempt was made to use a face
mask that covered both the nose and mouth but
the collection apparatus had to be maodified 10
allow the subjects a better visual field. The
advantages of using measurements of HR and
velocity 1o estimate energy expenditure in
paraplegic individuals is that it eliminates the
use of mouthpieces and nese clips that the
parients may find cumbersome or functionally
interfering. Furthermore, it does not require
the use of expensive gas collection appararus.

This stadv demonstrated that PCI can be
used as a tool in the asscssment of gait
efficiency in spinal cord injured subjects.
Combining a physiological measurement (HR)
with a functional measurement {velocity) may
make PCI a more sensitive measure for
detecting small but significant dilferences in
cnergy cxpenditure. Previous investipators
have used PCI as an asscssment tool in normal
(MacGregor. 1981), disabled children (Butler er
al., 1984: Mossberg er al., 1990). and paraplcgic

subjects {Bowker ef gl., 1992 Isakov er al.,
1992). Isakov et al. (1992) reported a dramatic
reduction of PCI values in a spinal cord injured
subject ambulating with RGO and FES
compared to ambulating with just the RGO.
Only minimal changes were observed in other
parameters of gait performance such as
cadence. velocity, and step length. A slight
improvement i$ reported here in velocity and
cadence with the Isocentric RGO, however,
these measurements do not reflect changes in
the energy demand of walking.

In this study. it is reported that modifying the
standard RGO by exchanging the cables for an
isocentric bar resulted in a significant reduction
in the PCI of spinal cord injured individuals.
Furture studies incorporating kinematic analyses
of gait with the RGO and the Isocentric RGO
may provide insight that will continue to
improve the design and function of this orthotic
device.
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