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The effects of parallel bars, body weight support and speed on the 
modulation of the locomotor pattern of spastic paretic gait. A preliminary 
communication 

M Visintin MSc & H Barbeau PhD 

School of Physical and Occupational Therapy, McGill University, Montreal, Quebec, 
Canada. 

The effects of walking with and without parallel bars, providing 40% body 
weight support (BWS) and increasing speed on the gait pattern of spastic paretic 
subjects during treadmill locomotion were investigated. In asymmetrically in
volved subjects, walking without parallel bars led to a more symmetrical gait 
pattern with decreased compensation of the less involved side. This was 
accompanied by changes in electromyographic (EMG) and sagittal angular 
displacement profiles which favoured a more normal swing phase of the more 
involved limb. When symmetrically involved subjects walked without parallel 
bars, increases in EMG activity, with prolonged activation during the stance 
phase were noted, especially in the distal muscles. Providing 40% BWS 
facilitated gait when walking without parallel bars especially in the asymmetric
ally or severely involved subjects who showed marked difficulty at 0% BWS. 
Forty percent BWS led to a decrease in clonus associated with walking without 
parallel bars. Higher treadmill speeds increased clonus in some subjects while in 
others it only caused a small increase in EMG amplitude. Implications for gait 
training are discussed. 

Keywords: spastic gait; parallel bars; body weight support; speed; 
electromyography; spinal cord injury. 

Introduction 
Incomplete spinal cord lesions in man com
monly result in disturbances of the loco
motor pattern. Altered recruitment patterns 
with premature muscle activation, as well as 
prolonged electromyographic (EMG) activ
ity and delayed muscle relaxation have been 
identified in spastic paretic gait.l The pat
tern may also be coupled with flattening of 
the EMG profiles, characterized by dimin
ished or abolished peaks of EMG activity. 
Knutsson2 identified (1) early stretch activa
tion of distal muscles, (2) paresis and (3) 
abnormal coactivation of agonist and 
antagonist lower limb muscles in response to 
loading, as likely to interfere with gait 
following a spinal cord lesion. Coupled with 
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disturbances in locomotor programming, 
external factors such as the use of parallel 
bars, body weight support (BWS) and walk
ing speed can also influence the locomotor 
pattern. Such external factors can be ma
nipulated when retraining gait, aiming at 
optimizing the locomotor output. 

Although widely used in the clinical set
ting, the use of parallel bars during gait 
training appears controversial. Conrad 
et al1,3 report that the decreased stability 
incurred during treadmill locomotion with
out parallel bars leads to a deterioration in 
the gait pattern of spastic paretic subjects. 
In contrast, conventional gait training for 
neurological patients discourages the use of 
parallel bars as it is believed to lead to an 
asymmetrical gait with compensation of the 
less involved side. 4 

The use of BWS, provided by an over
head harness which supports a percentage of 
body weight as subjects walk on a treadmill, 
has been proposed to retrain gait following a 
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spinal cord lesion. BWS has been shown to 
facilitate gait and elicit a more normal gait 
pattern with respect to sagittal angular 
displacement patterns, temporal distance 
parameters, and EMG activity of lower limb 
muscles in a group of spastic paretic subjects 
during treadmill locomotion at their com
fortable speed.5 Futhermore, with BWS, 
subjects were able to walk at higher com
fortable treadmill speeds. 

The characteristic slow walking speeds 
evident among spastic subjects5,6 is an addi
tional concern when retraining gait. Gait 
training aims at increasing the walking 
speed, attempting to make the gait more 
efficient. However, few quantitative data 
exist to elucidate the effects of walking 
speed on a spastic paretic gait pattern. 

It is evident that a better understanding 
of the effects of external factors such as 
parallel bars, BWS and speed on spastic 
paretic gait is required before a compre
hensive gait training strategy can be devel
oped. It is the aim of this study to quantitat
ively and qualitatively describe the effects of 
walking with and without parallel bars, with 
BWS, and at increased treadmill speeds on 
the locomotor pattern of spastic paretic 
subjects. 

Methods 
The study was conducted in the human gait 
laboratory which has previously been de
scribed in detail. 7 Eight spastic paretic 
subjects, ranging in age from 22 to 42 years 
(mean = 27.5 years), participated in this 
study. Seven subjects had sustained a trau
matic incomplete spinal cord lesion to the 
cervical or thoracic spine, one suffered from 
nonfamilial progressive spastic paraparesis 
and one subject had a surgically induced 
lesion at the level of TlO following resection 
of a spinal tumour. Each subject was cap
able of independent overground locomotion 
with or without the use of external aids. The 
chronicity of the lesion ranged from 7 
months to 21 years. The demographic data, 
presence of ankle clonus at rest, symmet
rical involvement of the lower limbs, com
fortable and maximal treadmill speed, and 
an overground ambulation profile for each 
subject are summarized in Table I. 
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Body weight support 
The subjects walked on a treadmill while 
0% BWS (full weight bearing) and 40% 
BWS were provided. The BWS apparatus 
consisted of a custom-designed harness 
which mechanically supported the patient 
vertically over the treadmill. The harness 
consisted of a pelvic band attached around 
the hips and two padded straps which pass 
between the legs to attach anteriorly to the 
pelvic band. The percentage of BWS 
provided was calibrated using a force trans
ducer. The force was normalized to each 
subject's weight (100% ) and the sequence of 
% BWS provided (0% or 40% ) was ran
domly assigned into two trials given within 
the same experimental session. Prior to data 
collection, each subject was habituated at 
0% BWS for 1-5 minutes according to his 
walking tolerance. During this practice ses
sion, treadmill speed was slowly increased 
from 0.0 ms-1 up to each subject's comfort
able walking speed. It was also determined 
whether the subjects could walk at more 
than one treadmill speed (Table I). All 
subjects, except subject 2, were able to walk 
at a minimal and at a comfortable treadmill 
speed. Four subjects (1, 3, 5, 8) were able to 
walk at a maximal treadmill speed. Data 
were then collected for predetermined 
speeds (minimal, comfortable and maximal 
speeds) during subtrials at 0% BWS with 
parallel bars. Data were also collected at 
0% and 40% BWS, without parallel bars at 
minimal or comfortable speeds (subjects: 1, 
2, 3, 6). Of the eight subjects, only one (8) 
required a short leg brace to control foot 
drop of the left ankle while walking on the 
treadmill. 

A 10 minute rest period was given be
tween each BWS trial to minimize fatigue. 
Blood pressure and pulse were monitored 
following each trial to control for undue 
stress on the subjects. 

EMG and Jootswitch data 
EMG activity was recorded from the gluteus 
maximus (GM), vastus lateralis (VL) , 
medial hamstrings (MH), tibialis anterior 
(TA), medial gastrocnemius (GA), and 
lateral soleus (SOL) of either the left 
(subjects 1, 4, 5, 6, 7) or right (subjects 2, 3, 
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Subject Lcvel Chronicity Ankle Symmctrical Comfortable Maximal Ovcrground walking s-
." 

Sex of (years) clonus involvement treadmill treadmill aids used ;::: 

Age lesion specd (ms-I) speed (ms-I) 
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tI::I 
." .., 

1 SP 3.0 +(R) Yes 0.40 0.60 Bilatcral foot 0-
'" 

M ++(L) drop braccs ." 
::: 

32 

2 C6-7 1.5 +++(Bil) (R> L) O.OS 0.08 (L) long Icg brace; 
M Canadian crutches 
23 

3 TlO 1.5 +++(R) (L> R) 0.10 0.30 (R) foot drop 
F ++(L) brace; 1 cane 
22 

4 C6-7 4.0 +++(Bil) Ycs 0.40 0.40 2 cancs 
M 
23 

5 C7-Tl 1.5 +++(Bil) Yes 0.15 0.25 Walkcr 
M 
32 

6 CI-2 21.0 ++(Bil) Yes 0.43 Not No aids 
F tcsted 
26 

7 TS-9 1.5 Yes 0.15 0.15 2 canes 2' ..., 
M � 
20 f 

S T9-10 0.6 +++(Bil) (L> R) 0.10 0.15 (L) foot drop tjol 
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M brace; walker � ...... 
42 'D 
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SP = spastic paraparesis; + = mild; ++ = moderate; +++ = severe. 
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8) lower limb while the subjects walked on 
the treadmill. When subjects presented with 
asymmetrical involvement of the lower ex
tremities (i.e. one limb showing minimal 
spasticity and weakness), data were col
lected from the more involved lower limb. 
When the degree of involvement of the 
lower limbs was largely symmetrical, data 
were then collected from the limb that 
showed a greater degree of clinical spasti
city. Bipolar surface electrodes (2.5 cm 
center to center) were placed over the belly 
of each muscle following conventional skin 
preparation. The EMG signals were pre
amplified, differentially amplified and band
passed (10-470 Hz). Footswitches placed 
under the heel, fifth metatarsal head and big 
toe of each subject's shoes were used to 
detect heel strike, foot-flat and toe-off, and 
to determine the temporal distance para
meters. The EMG and footswitch signals 
were then recorded at 3.75 IPS on a 14 
channel FM tape with a frequency response 
of 2500 Hz. 

The EMG signals of the six muscles along 
with the footswitch signals were then played 
back on a polygraph and an artefact-free 
sequence of 10 or more consecutive cycles 
was chosen to represent each experimental 
paradigm for each subject. 

Joint angular displacement data 
Joint angular displacement data were col
lected from the same limb as the EMG 
recordings for each subject. The subjects 
were videotaped as they walked on the 
treadmill using a shutter video camera. 
Reflective joint markers were placed at the 
shoulder, hip, knee and ankle as well the 
heel, fifth metatarsal head and the toe 
region of the lateral border of the shoe. 
Additional markers were placed on a ver
tical and a horizontal bar to be used as 
absolute coordinates for the video analysis. 
The trials were recorded on a 3/4 inch 
videotape at a speed of 60 fields per second. 
A remote search controller was used for 
field by field viewing. The sagittal angular 
displacements were manually measured 
from the monitor screen using a gonio
meter. Once the subjects had reached a 
steady state while walking on the treadmill, 
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one representative gait cycle for each sub
ject during each experimental paradigm was 
analyzed. The joint angular displacements 
were measured at every 5% of the gait 
cycle. The trunk and hip angles were calcul
ated with respect to a vertical line, with the 
neutral position in standing being taken as 
displacement of the trunk and hip, flexion 
being positive, and extension negative. 
Likewise, in calculating the knee and ankle 
angles, the neutral standing position, with 
the knee in full extension and the shank axis 
perpendicular to the foot, was taken as 0°. 
Knee flexion and ankle dorsiflexion beyond 
neutral were taken as positive angular dis
placements, and ankle plantarflexion be
yond neutral was taken as negative angular 
displacement. 

Results 
Effects of parallel bars and BWS 
The effects of removing parallel bar support 
during treadmill locomotion at comfortable 
speeds, at 0% and 40% BWS will be 
addressed both in those subjects with an 
asymmetrical and a symmetrical gait pat
tern. 

Figure 1 illustrates the EMG patterns of 
subject 2 who walked with an asymmetrical 
gait pattern due to marked impairment of 
the right lower limb and a near normal left 
lower limb. He walked on a treadmill with 
(Figure la) and without parallel bars 
(Figure Ib) at 0% BWS and without parallel 
bars at 40% BWS (Figure lc) at his comfort
able speed of 0.08 ms-I. While walking with 
parallel bars (Figure la), he compensated 
for his lack of hip, knee and ankle flexion 
during the right swing phase by pushing on 
the parallel bars to come up onto his left 
toes while swinging the right limb through 
fully extended. As illustrated in Figures 
le-g, there was no flexion at the hip or 
ankle and minimal flexion at the knee (11°) 
during the right swing phase. The EMG 
profiles (Figure la) revealed activity in most 
right lower limb muscles during the stance 
phase. Low level activity appeared in T A 
during stance with minimal activity during 
the swing phase. During the same experi
mental session, the subject was asked to 
walk without parallel bars (Figure 1 b). As 
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he released the parallel bars, his legs 
dragged at the end of the treadmill following 
which he was able to initiate and complete 
only three laborious steps (Figure 1 b ). 
During these three steps a marked increase 
in hip and knee flexion as well as ankle 
dorsiflexion emerged as the subject was no 
longer able to compensate by using the 
parallel bars, but required flexion of the 
right lower extremity in order to advance 
the limb forward (Figure Id-g). The most 
evident EMG change was seen in T A during 
the swing phase where a burst of activity 
appeared resulting in ankle dorsiflexion. 
Although walking without parallel bars was 
very difficult for this subject, it facilitated a 
more normal swing phase, with flexion at 
the hip, knee and ankle. 

When 40% BWS was provided (Figure 
Ic) a much smoother, less strenuous gait 
resulted, thereby allowing the subject to 
take a greater number of steps (a minimum 
of 10 steps per trial). TA continued to 
show a burst of activity during the swing 
phase. The sagittal angular displacement 
profiles (Fig Id-g) revealed a considerably 

J 100).lV 
1 sec 

straighter knee at foot-floor contact (30°) 
when compared to 0% BWS (56°). Ankle 
dorsiflexion was initiated earlier in late 
stance. 

Similar findings were observed in subject 
3 (not illustrated) who also walked with an 
asymmetrical gait pattern by compensating 
with her less involved right side in a similar 
way to subject 2. When the subject walked 
without parallel bars at 0% BWS, a burst of 
activity appeared in T A during the swing 
phase which was not present when the 
parallel bars were used. This corresponded 
to an increase in ankle dorsiflexion during 
the swing phase, similar to that seen in 
subject 2. 

Facilitation of gait with 40% BWS was 
also seen in subject 3 when BWS resulted in 
a smoother, less spastic gait. 

Figure 2a-c illustrates the effects of 
walking with and without parallel bars 
at 0% BWS and without parallel bars at 
40% BWS in a symmetrical subject (6) at 
0.43 ms-I. Except for prolonged VL activa
tion (Fig 2a), this subject's lower limb EMG 
patterns were similar to those seen in 
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Figure 1 The right lower limb EMG activity of subject 2 walking on the treadmill, at a speed of 
0.08 ms-I, at (a) 0% BWS with parallel bars, (b) 0% BWS without parallel bars, and (c) 40% 
BWS without parallel bars. The downward arrows indicate foot-floor contact, while the upward 
arrows indicate toe-off, with the solid line depicting stance duration and the space denoting swing 
duration, for both right (R) and left (L) lower limbs. In (b), the second, third and fourth steps of 
the right lower limb represent the three steps the subject takes without parallel bars . In (b) and 
(c), note the burst of activity in TA during the swing phase. In (c), note that the subject is able to 
take a greater number of steps without parallel bars when 40% BWS is provided. The 
corresponding sagittal angular displacement patterns of a representative cycle for the (d) trunk, 
(e) hip, (f) knee and (g) ankle are also illustrated. Note the increase in hip and knee flexion and 

ankle dorsiflexion during the swing phase when walking without parallel bars and the straighter 
knee at foot-floor contact when 40% BWS is provided. 

normal subjects.8,9 When the subject walked 
without parallel bars (Fig 2b), an increase in 
EMG activity of all lower extremity muscles 
was noted especially at foot-floor contact. 
T A showed an increase in tonic activity 
during stance. A broadening of both the GA 
and SOL bursts were noted with early 
activation at foot-floor contact. This was 
accompanied by a large increase in EMG 
amplitude especially in the GA muscle. 
Except for a small decrease in plantarflexion 
at the ankle at the end of stance, walking 
without parallel bars resulted in minimal 
changes in lower limb angular displacement 
profiles in this subject (Fig 2d-g). Similar 
findings were noted in subject 1 (not illus
trated). 

In subject 6, providing 40% BWS during 
treadmill locomotion without parallel bars 
resulted mainly in a decrease in EMG 
amplitudes for all lower extremity muscles. 
This is exemplified in Figure 2c where the 
EMG profiles closely resembled those at 
0% BWS with parallel bars, illustrated in 
Figure 2a. Minimal changes were noted in 
the sagittal angular displacement patterns 
when contrasting 0% and 40% BWS in this 
subject (Fig 2d-g). A similar trend was 
noted in subject BP at his minimal treadmill 
speed of 0.20 m-I. 

Providing 40% BWS also facilitated gait 
without parallel bars in two more severely 
impaired subjects (5, 7) with a symmetrical 
gait pattern. These subjects were not able to 
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Figure 2 The left limb EMG activity of subject 6 walking on the treadmill, at a speed of 0.43 ms-1, 
at (a) 0% BWS with parallel bars, (b) 0% BWS without parallel bars, and (c) 40% BWS without 
parallel bars. The downward arrows indicate foot-floor contact, while the upward arrows indicate 
toe-off, with the solid line depicting stance duration and the space denoting swing duration, for 
both left (L) and right (R) lower limbs. In (b), note the increase in VL activity as well as the 
broadening of activity in TA, GA and SOL during stance. The corresponding sagittal angular 
displacement patterns of a representative cycle for the (d) trunk, (e) hip, (f) knee and (g) ankle 
are also illustrated. 
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walk without parallel bars at 0% BWS but 
were able to do so when 40% BWS was 
provided. 

BWS versus parallel bars 
In those subjects (2, 3) who walked with an 
asymmetrical, compensatory gait pattern, 
40% BWS appeared to have the most 
positive effects on the gait parameters when 
the subjects walked without parallel bars. 
This is illustrated in Figure 3a-g which 
shows the effects of 40% BWS with and 
without parallel bars. As subject 2 walked 
on the treadmill with parallel bars at 0% 
BWS he compensated by supporting himself 
on the parallel bars, coming up onto his left 
toes during left stance, while swinging the 
right leg forwards with a minimal amount of 
hip, knee and ankle flexion. When 40% 
BWS was provided, while he walked with 
parallel bars, minimal changes were noted 
in the gait pattern (Figure 3b, d-g) as the 
subject continued to compensate. However, 
when the subject released the parallel bars 
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GM 
0% with bars 

. �.I .. ! .. , • � -.,'. 

MH 

b 40% with bars 

.. 
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while walking at 40% BWS, a more normal 
gait pattern emerged. This was character
ized by an appropriate swing phase with 
flexion at the hip, knee and ankle (Fig 3c-g) 
and a burst of activity in T A (Fig 3c). 

Effects of speed 
Increasing treadmill speed, at 0% BWS 
while walking with parallel bars, resulted in 
an increase in clonus of the distal muscles 
for subjects 3, 7 and 8. In subject 1, clonus 
was not present at the slowest speed, but 
was elicited at the higher speeds. An exam
ple is illustrated in Figure 4a-g for subject 8 
with increases in treadmill speed from 
0.05 ms-1 to 0.15 ms-I. At the lowest speed 
of 0.05 ms-1 (Fig 4a), coactivation of the 
extensor muscles was noted. There was 
persistent activity in GM and VL through
out stance. Minimal activity was evident in 
MH. A burst of activity during the swing 
phase was noted in T A. GA was character
ized by low tonic activity during stance with 

c 40% without bars 
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Figure 3 The right lower limb EMG activity of subject 2 walking on the treadmill, at a speed of 
0.08 ms-l, at (a) 0% BWS with parallel bars, (b) 40% BWS with parallel bars, and (c) 40% BWS 
without parallel bars. The downward arrows indicate foot-floor contact, while the upward arrows 
indicate toe-off, with the solid line depicting stance duration and the space denoting swing 
duration, for both right (R) and left (L) lower limbs. In (c), note the more phasic EMG activity in 
VL and the appearance of a burst of activity in T A during swing. The corresponding sagittal 
angular displacement patterns of a representative cycle for the (d) trunk, (e) hip, (f) knee and (g) 
ankle are also illustrated. Note the presence of hip and knee flexion and ankle dorsiflexion at 40% 
BWS without parallel bars. 

the onset of low amplitude clonus shortly 
after initial foot-floor contact. SOL also 
showed clonus during that period, followed 
by a burst of activity continuing until ter
minal stance. Increasing the treadmill 
speed to 0. 10 ms-1 and 0. 15 ms-l (Fig 4b, c) 
resulted in sustained clonw; of all muscles 
during the entire stance phase and, in some 
instances, during early swing. This resulted 
in a laboured gait, especially at the highest 
speed, characterized by increased difficulty 
walking and clonic oscillations visible at the 
ankle. 

Figure 4d revealed a straighter trunk 
alignment at the higher speeds for subject 8. 
Minimal changes in the hip angular excur
sion patterns were evident (Fig 4e). At the 
higher speeds an increase in knee flexion 

during mid to terminal stance was noted, 
with a small decrease in maximum swing 
angle (Fig 4f). A change in the ankle 
kinematic profiles was the occurrence of 
plantarflexion during midstance as the sub
ject went up on his toes to facilitate swinging 
the left leg through (Fig 4g). An increase in 
plantarflexion at push-off was also noted. 

In subjects 4, 5 and 6 who showed 
minimal abnormal reflex activity in the 
distal muscles during locomotion, increases 
in speed had a minimal effect on EMG 
timing and amplitude (not illustrated). The 
effects were to produce a small increase 
in EMG amplitude for lower extremity 
muscles such as the GM, TA, GA and SOL. 
Qualitatively, the gait appeared more 
laboured at the higher speeds. 
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Figure 4 The right lower limb EMG activity of subject 8 walking on the treadmill, with parallel 
bars, at (a) O.05ms-1, (b) O.lOms-l, and (c) O.15ms-1. The downward arrows indicate foot-floor 
contact, while the upward arrows indicate toe-off, with the solid line depicting stance duration and 
the space denoting swing duration, for the right (R) lower limb. Note the presence of sustained 
clonus at the higher treadmill speeds .  The corresponding sagittal angular displacement patterns of 
a representative cycle for the (d) trunk, (e) hip, (f) knee and (g) ankle are also illustrated. 
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Discussion 

Effects of parallel bars and body weight 
support 
Ambulating without parallel bars has been 
deemed by some investigators to accentuate 
gait disturbances in spastic syndromes.1,3,lO 
In this study, removing parallel bars in 
symmetrically involved spastic paretic sub
jects resulted in an increase and prolonga
tion of EMG activity during stance. Conrad 
et al3 attributed comparable EMG changes, 
in a group of spastic paretic subjects, to 
nonspecific protective gait mechanisms pre
sent during instances of emotional stress or 
anxiety when the subject's stability is 
threatened. However, in the present experi
ment, subjects were securely supported in 
the harness even when no BWS was 
provided (under full weight bearing condi
tions) while they walked without parallel 
bars. All subjects reported that the harness 
provided a feeling of safety which elimin
ated any fear of falling. Regardless of this, a 
deterioration in the gait pattern character
ized by an increase and broadening of the 
EMG activity was noted in subjects with 
symmetrical gait involvement. These results 
suggest that parallel bars provide lateral 
stability which compensates for the de
creased postural reactions observed in 
spastic subjectslll while walking on a moving 
surface. The changes in EMG patterns 
especially noted in the distal muscles, 
closely resemble those observed in an im
mature gait when postural reactions are not 
yet fully developed. 11-13 Providing 40% 
BWS for such patients resulted in more 
normal EMG profiles and it can be sug
gested that BWS compensated for the de
crease in postural stability. This is supported 
by a previous study which reports that 
providing 40% BWS, while walking on a 
treadmill, results in a decrease in percentage 
total double support time and an increase in 
single limb sup Fort time in spinal cord 
injured subjects. 

An interesting observation was the more 
symmetrical gait pattern which emerged in 
asymmetrically involved subjects when they 
walked without holding on to parallel bars 
at 0% BWS. Although the gait was labori
ous and nonfunctional (limited to three 
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steps), removing the parallel bars produced 
a more normal swing phase by eliciting 
EMG activity in T A accompanied by ankle 
dorsiflexion. The hip, knee, and ankle 
flexion present when walking without paral
lel bars had not emerged under conditions 
where the subject was allowed to compens
ate by using parallel bars. The more normal 
gait pattern only emerged with an increase 
in locomotor demand and no possibility for 
compensation. 

In order to facilitate gait when asymmet
rical subjects walked without parallel bars, 
40% BWS was provided. The subjects were 
able to take a larger number of steps with 
greater ease, making gait training without 
parallel bars more feasible. Severely im
paired subjects with symmetrical involve
ment, who were not able to walk without 
parallel bars at 0% BWS, were able to do so 
when 40% BWS was provided. Retraining 
gait with BWS, while increasing the demand 
on the locomotor system by removing paral
lel bars, is worth considering in the early 
stages of gait training. The approach ap
pears imperative in facilitating a more sym
metrical gait pattern while discouraging gait 
asymmetries from developing. Although 
both parallel bars and BWS can be con
sidered as a form of support during gait 
training, there appears to be definite differ
ences between the two. Parallel bars appear 
to yield a more compensatory gait pattern, 
probably by facilitating weight transference 
to the less involved side in asymmetrically 
involved subjects. BWS encourages a more 
symmetrical gait pattern by supporting a 
percentage of body weight centrally, and 
discouraging compensation with the less 
involved extremity. The differences be
tween these two types of support for both 
symmetrical and asymmetrical patients need 
to be further elucidated. 

The effects of increasing treadmill speed 
Variations in EMG activity, angular dis
placement profiles, and temporal distance 
parameters as a function of walking speed in 
healthy subjects have been extensively re
ported in the literature14-17• This is in 
contrast to a lack of objective information 
which exists quantifying the effects of in-
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creased walking speed on gait parameters in 
spinal cord injured patients. Dietzl8 alluded 
to muscle hypertonia as one of the main 
reasons for the spastic paretic subjects' 
inability to walk at faster speeds. 

In this study, one of the effects of 
increasing walking speed was the appear
ance or increase in clonus in four subjects. 
Burke & Lancel9 have reported that the 
amplitude of stretch reflexes are directly 
proportional to the velocity of stretch. In 
three other subjects, increasing walking 
speed resulted in only a small increase in 
muscle EMG amplitude. 

Spastic paretic subjects are known to walk 
at speeds considerably lower than that of 
normal subjects.s,6 In the present group of 
subjects, the comfortable treadmill speeds 
ranged from 0.08 ms-1 to 0.40 ms-I, and the 
highest maximal treadmill speed was 
0.60 ms-I for subject 1. At such low walking 
speeds it becomes imperative to distinguish 
gait characteristics caused by the pathology 
and those which are a result of slow walking 
speeds.2o.2l Until recently,22 pathological 
gait profiles were compared to standardized 
normative data derived from healthy sub
jects walking at comfortable speeds. 1.23 
Shiavi et al16 investigated the EMG profiles 
of healthy subjects walking at very low 
speeds (lowest range: 0.34 ms-I) in order to 
provide a template for comparison with 
pathological gait while controlling the speed 
effect. They reported that MH muscle was 
biphasic at the very low walking speeds, 
with most subjects displaying a burst of 
activity at the stance-swing transition which 
was abolished as the speed increased. This 
type of MH EMG profile has been observed 
in this as well as other studies1,5 and may be 
a result of low walking speed and not 
necessarily of abnormal motor program
ming. Shiavi et al16 also reported that gait 
parameters became more variable at the 
very low walking speeds and that muscles 
responded to individual movement require
ments. Subjects described their gait as be
coming less automatic. The low walking 
speeds may partially explain the increased 
variability in gait parameters observed 
among spastic paretic subjects when com
pared to normal subjects.24 Friso et al14 
studied lower limb angular displacements 
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patterns in normal subjects at different 
walking speeds and reported the frequent 
absence of a yield at the knee during initial 
stance at lower speeds. This is a finding 
frequently observed in spastic paretic gait,S 
and the subjects' low walking speeds may be 
partly responsible for this. 

In general, subjects in this study exhibited 
a low EMG amplitude for most muscles 
while walking at their comfortable treadmill 
speeds. Knutsson24 described one of the 
abnormal activation patterns as a marked 
decrease in EMG activity during gait in 
certain muscles, although the subjects were 
able to generate force in these muscles 
during other tasks. The decreases in EMG 
activity noted among spastic paretic subjects 
may partly be resulting from their low 
walking speeds as well as central paresis. 

Implications for gait training 
The complexity of the disturbed locomotor 
pattern, coupled with postural instability 
and abnormal reflex activity, following a 
spinal cord lesion, make it difficult to 
establish a universal training strategy to 
reeducate gait. A clear understanding of the 
gait deficits and their causes is required in 
individual cases in order to propose a 
comprehensive gait training approach.1O,24,2s 
Likewise, an understanding of the influence 
of external parameters such as parallel bars, 
BWS and speed are needed in order to 
incorporate them into a training strategy. 
Although removal of parallel bars has been 
thought to produce a deterioration in the 
gait pattern, it has been demonstrated here 
that in patients with an asymmetrical gait 
pattern, removing parallel bars will decrease 
the opportunity for compensation thus al
lowing for the expression of a more normal 
gait pattern. If without parallel bars the 
locomotor task is a difficult one, BWS can 
be incorporated in the training regimen to 
facilitate gait. For those subjects who are 
unable to walk without parallel bars at 0% 
BWS, providing 40% BWS allows gait 
training without parallel bars and minimizes 
the development of a compensatory gait 
pattern. In symmetrically involved patients 
parallel bars can be removed and postural 
stability increased with BWS while retrain-
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ing gait. Such patients appear to be candi
dates for gait training with BWS, achieving 
the goal of increasing speed, increasing 
postural stability, while eliciting more 
normal EMG and angular displacement 
profiles of the lower extremities. 

Increasing walking speed did not always 
result in a deterioration in the gait pattern of 
spastic paretic subjects. Those presenting 
with minimal abnormal reflex activity dur
ing gait showed just a small increase in 
EMG amplitude although they were not 
able to walk at speeds much beyond that 
of their comfortable level (subject 5: 
0.15 ms-I-0.25 ms-I; subject 1: 0.40 ms-I-
0.60 ms-I). Such subjects would probably 
benefit from gait training with BWS at 
speeds higher than their comfortable walk
ing speed.5 In subjects where increased 
speed led to an increase in abnormal reflex 
activity, drug therapy would be indicated 
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prior to gait training.6,26.27 
When retraining gait and other functional 
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ditions which favour the response being 
sought and enhance functional recovery.28 
Providing the appropriate environmental 
conditions is critical during gait training in 
order to maximize the locomotor potential 
while preventing compensatory gait devi
ations. It becomes clear from the above 
results that following a spinal cord injury a 
comprehensive and interactive approach is 
required in order to maximize the potential 
for locomotor recovery. An understanding 
of the underlying abnormal motor programs 
and reflex activity, coupled with an under
standing of the influence of external para
meters such as parallel bars, BWS and speed 
during locomotion, are essential to achieve 
this goal. 
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