





Normal Steeper’s
Parameter Units Range RGO orthosis HGO
cadence steps/min 91-135
video 39 39 34
(Vicon 35 37 37
stride length m 1.25-1.85
video 0.99 0.99 0.84
( icong 1.02 0.99 0.98
velocit m/s 1.10—1.82
video 0.32 0.31 0.24
( icon; 0.30 0.31 0.30
stance phase %o 54—65 67 67 13




Steeper's

Parameter RGO | orthosis | HGO
SAGITTAL PLANE

Flexion 15 12 16
Extension 33 35 21
Range of motion 48 47 37
CORONAL PLANE

Adduction 8 10 7
Abduction 3 0 9
Range of motion 11 10 16
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Steeper’s
Parameter RGO | orthosis | HGO
LINEAR MOTION
vertical excursion
(mm 46 43 22
lateral excursion
g‘nmc)' 90 80 152
NGULAR R L
MOTION
sagittal plane, (©)
“pitch” (deg) 16 17 11
coronal plane,
“roll” (deg) 16 17 12
transverse plane
“yaw” (deg) 23 26 33
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the magnitude and phasing of the movement,
were observed in the transverse plane. In the
HGO the twisting of the pelvis from side to side in
asinusoidal pattern had a much greater amplitude
than in either the RGO or Steeper’s orthosis. In
these devices, higher frequency oscillations were
superimposed on the basic sinusoid, once again
due to the pattern of movement with the rollator;
both sides of the pelvis tended to be advanced
together.

Pelvic translations:— The vertical excursion of
the centre of the pelvis in the HGO was
approximately half its observed value in the other
two orthoses. It also followed a more gently
undulating sinusoidal path. Peak values in all
three orthoses were attained during the swing
phase on each side. The centre of the pelvis had a
larger lateral excursion in the HGO and its locus
was almost a pure sinusoid, compared with a more
complex pattern in the RGO and Steeper’s
orthosis. In all three cases the maximum excursion
was away from each leg during its swing phase.

Pelvic velocity:— The velocity in the direction
of progression attained a maximum in the middle
of the swing phase and a minimum just after
heelstrike, irrespective of device. However, the
range of velocity variation did differ between
orthoses. The HGO showed a variation in
forward velocity between 0.15m/s and 0.45m/s,
compared with a range of 0.05m/s to 0.63m/s in
the RGO and of 0.01lm/s to 0.59m/s in the
Steeper’s orthosis. These results give further
evidence of a stop-start pattern in the RGO and
Steeper’s orthosis; in the latter device there is an
instant in the cycle when the pelvis is virtually
stationary.

Discussion

It could be argued, with some justification, that
the comparisons in this paper are more accurately
between the different systems (orthosis plus
walking aid) than between the devices
themselves. The walking aids were those specified
in the training directions for each orthosis, and
were, therefore, those the patient would be
expected to use with the particular device.
Familiarity with the system should produce a
better gait, and for the purposes of this study was
thus allowed to override the scientific advantages
of restricting the patient to using the same walking
aid with each system. It has not been possible in
the present study to ascertain the significance of
the different aids, though the small differences

observed in the general gait parametzrs (Table 1)
would suggest that the effect on the speed of
walking may not be very great.

In the sagittal plane the major differences in hip
joint motion between the respective orthoses is
the smaller degree of hip extension in the HGO.
The increased pelvic rotation, however,
neutralises any consequent difference in stride
length. In the RGO and Steeper’s orthosis, the
stride length is achieved almost entirely by the
degree of flexion/extension at the hip joints. It is
surprising that these two orthoses are so similar,
as far as sagittal plane motion is concerned, since
the reduction in friction from the use of a single
cable in the Steeper’s orthosis should permit an
increased range of hip movement.

The observation that the hip abduction in the
HGO is greater than that in either the RGO or the
Steeper’s orthosis has important implications
with regard to ground clearance during the swing
phase. In the HGO it is easier to clear the ground
without catching the swinging leg behind the
stance leg. Whittle and Cochrane (1989) noted
this as probably the most importan: mechanical
difference between the HGO and RGO, and one
which makes the HGO more suitable: for use with
crutches. The present case study furtaer bears out
this observation. The reason for the difference is
undoubtedly the greater degree of flexibility of
both the RGO and Steeper’s orthosis, compared
with the HGO. On examination, the Steeper’s
orthosis was found to be slightly more flexible
than the RGO; this would explain tke absence of
abduction during the swing phase. In the
Steeper’s orthosis, ground clearance is achieved
almost entirely by elevation of the pelvis.

Thurston et al. (1981) measured the angular
displacements of the pelvis in the sagittal, coronal
and transverse planes in 22 normal subjects. The
angular displacements in the present study differ
markedly from their results in both magnitude
and pattern. In all three orthoses, there is an
increased ‘roll’ which may be associated with the
compensations necessary to gain foot clearance in
a stiff-legged gait (Saunders et al., 1953). The
greater than normal “yaw” in the HGO is an
exaggeration of the normal mechanism whereby
pelvic twisting is used to increase the stride length.
With the arms fixed by the crutches, the
contraction of latissimus dorsi pulls the pelvis
upwards and twists it forwards. This twisting
movement continues into stance until after the
toe-off on the opposite (swing) side, whereupon it










