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The Effects of Body Weight Support on the
Locomotor Pattern of Spastic Paretic
Patients

M. Visintin and H, Barbeau

ABSTRACT: The effects of mechanically supporting a percentage of body weight on the gait pattern of spastic paretic
subjects during treadmill locomotion was investigated. Electromyographic (EMG), joint angular displacement and tem-
poral distance data were simultaneously recorded while 7 spastic paretic subjects walked at 0% and 40% body weight
support (BWS) at their maximal comfortable treadmill speed. Forty percent BWS produced a general decrease in EMG
mean burst amplitude for the lower limb muscles investigated with instances of more appropriate EMG timing in rela-
tion to the gait cycle. The joint angular displacement data at 40% BWS revealed straighter trunk and knee alignment
during the weight bearing phase especially at initial foot-floor contact and midstance. An increase in single limb sup-
port time and a decrease in percentage total double support time were evident at 40% BWS. An increase in stride length
and maximum comfortable walking speed was also seen with BWS. The use of BWS during treadmill locomotion as a
therapeutic approach to retrain gait in neurologically impaired patients is discussed.

RESUME: Les effets d’un support de poids du corps sur le patron locomoteur chez un groupe de patients par-
etiques spastiques Cette étude a pour but d’étudier I’effet du support de poids du corps par un systeme mécanique
pendant la marche sur tapis roulant sur le patron de marche chez sept patients ayant une lésion incompléete de la moelle
épiniere. L’activité électromyographique (EMG) des muscles des membres inférieurs, les données cinématiques et les
paramétres du cycle de marche furent enregistrés simultanément. Lorsque 40% du poids du corps est supporté, une
diminution de I’amplitude maximale de la bouffée d’EMG des muscles des membres inférieurs et un profil d’activation
EMG plus approprié en relation avec le cycle de marche furent observés. De plus, les données cinématiques ont révélé
un meilleur alignement du tronc et du genou au début et au milieu de la phase d’appui. Une augmentation de la durée
de la phase de simple appui, de la longeur du pas, de la vitesse maximale comfortable ainsi qu’une diminution de la
période de double appui furent également observés. La possibilité de combiner un support progressif du poids du corps
avec un entrainement sur tapis roulant est proposée comme nouvelle stratégie d’entrainement locomoteur chez des
patients neurologiques.

Can.J. Neurol. Sci. 1989, 16: 315-325

Many of the gait deviations observed in neurologically
impaired patients result from their inability to adequately bear
weight through their affected lower extremities during the load-
ing phase of the gait cycle.!-? Conventional treatment to retrain
gait following a lesion to the central nervous system consists of
retraining weight bearing, weight shifting and balance during
isolated events of the gait cycle before incorporating these com-
ponents into the dynamic locomotor task.4-6 However, retrain-
ing gait under such static conditions appears limited as gait
deviations are often seen to persist following such a treatment
approach.3.7

An alternative approach may be to support a percentage of
the patient’s body weight while retraining gait under dynamic
conditions. As proposed by Finch and Barbeau® (1985), this gait
retraining strategy would consist of walking the patient on a
treadmill at his maximum comfortable speed while a percentage

of his body weight is supported centrally at the trunk by an
overhead harness (Figure 1). The rationale for this retraining
strategy is based on findings from the spinal animal model.

Recovery of locomotor function following a spinal cord tran-
section was considered to be largely dependent on the age of the
animal at the time of the lesion.9-!! Until recently, cats spinal-
ized at maturity were described as poor functional walkers with
major deficits in their gait pattern. Although they were capable
of producing stepping movements with their hindlimbs, they
were unable to support their body weight on their hindquarters
up to 8 weeks post transection.!2 Recently, the importance of
training in accelerating the recovery!3 and maximizing the qual-
ity of the locomotor pattern!!.14.15 in the adult spinal cat has
been recognized. Rossignol et all5 and Barbeau et al!3 have
shown that cats spinalized (T13) as adults could recover a near
normal locomotor pattern following an “interactive locomotor
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Figure 1 — A lateral view of the BWS system, consisting of a custom designed harness, which
supports the patient over a motorized treadmill.

training” program. During interactive locomotor training, the
animal was supported by the tail and allowed to bear only the
amount of weight such that it could walk with proper foot
placement (with sole of the foot) on the treadmill. Following a
period of one to three months of this training regimen the ani-
mal was capable of walking at different treadmill speeds, while
completely supporting the weight of its hindquarters with prop-
er foot placement. Moreover, the gait pattern was comparable in
many aspects to that of the intact adult cat.!6 The authors con-
cluded that interactive locomotor training is an important factor
in the recovery of locomotion in the adult spinal cat.

Based on the above animal findings, and clinical observa-

tions of inadequate weight bearing among neurologically
impaired patients, it has been proposed that supporting a per-
centage of body weight and progressively decreasing the sup-
port while retraining gait may be an effective approach. In order
to validate this training strategy, it is important to study the
influence that Body Weight Support (BWS) has on neurologi-
cally impaired gait. Since spastic paretic subjects have difficulty
coping with loading of the lower limbs,!7.18 such patients have
been chosen as the focus for this study. The effects of providing
BWS on the electromyographic (EMG), joint angular displace-
ment and temporal distance parameters of spastic paretic gait
were investigated.

Table 1: Demographic Data

Maximal Comfortable Chronicity
Subject Sex Age Treadmill Speed ms-! Lesion Level (Years)
MP M 27 0.43 C4-5 35
RP M 41 0.39 C5-6 >1.0
MB M 56 0.30 SP 7.0
RM M 31 0.30 Cc6 15.0
BM M 23 0.26 Ca >1.0
RL M 56 0.26 T11 1.0
SQ M 24 0.26 T4-7 10

Demographic data of the seven subjects particpating in the study. C = cervical spine; T = thoracic spine; SP = spastic paraparesis.
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METHODS

Subjects

The study was conducted in the Human Gait Laboratory
which has previously been described.!9 The participants in this
study were 7 spastic paretic subjects ranging in age from 23 to
56 years (mean = 36.9 years). Six of the subjects had sustained
trauma-induced incomplete spinal cord lesion to the cervical or
thoracic spine while one subject suffered from non-familial pro-
gressive spastic paraparesis. The chronicity of the lesion was
one or more years for all the subjects (Table I).

The seven subjects were described as mildly, moderately or
severely spastic on the basis of their maximum comfortable
treadmill speed and a qualitative visual grading of spasticity
during locomotion (i.e. presence of clonus, stiff lower limb
movements with decreased angular excursions at 0% BWS).
Two mildly spastic subjects (MP, RP) walked at 0.39 ms-! and
0.43 ms-!, while two moderately spastic subjects (MB, RM)
walked at 0.30 ms-!. The remaining three subjects (BM, RL,
SQ) were severely spastic and could only walk at the minimal
treadmill speed of 0.26 ms-1. One (BM) of these three subjects
was able to walk independently while the other two required
manual assistance to advance the left lower extremity.

Body Weight Support

The subjects walked on a treadmill while 0% (full weight
bearing) and 40% BWS was provided. Previous experience with
the BWS system revealed that providing levels of BWS higher
than 40% resulted in a loss of heel-ground contact for some
patients. Hence, 40% was chosen as the level of support to be
investigated. The BWS apparatus (Figure 1) consisted of a cus-
tom 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 per-
centage of BWS provided was calibrated using a force transduc-
er. The force was normalized to each subject’s weight (100%)
and the sequence of % BWS provided was randomly assigned
into two trials given within the same experimental session. Prior
to data collection, each subject was habituated at 0% BWS for 1
to 5 minutes depending on his walking tolerance. During this
trial, treadmill speed was slowly increased from the slowest
speed of 0.26 ms-! to the subjects’ maximum comfortable walk-
ing speed. This speed was chosen for comparison of the two
subsequent BWS trials in order to control for the confounding
effect of speed on the gait parameters. Maximum comfortable
walking speed at 40% BWS was also recorded to determine
changes with BWS. A 10-minute rest period was given between
each trial to prevent fatigue. Blood pressure and pulse were
monitored following each trial to control for undue stress on the
patients.

EMG and Footswitch Data

EMG activity was recorded from the vastus lateralis (VL),
medial hamstrings (MH), tibialis anterior (TA) and medial gas-
trocnemius (GA) of the right lower limb while the subject
walked on the treadmill. Bipolar surface electrodes (2.5 cm cen-
tre to centre) were placed over the belly of each muscle follow-
ing conventional skin preparation. The EMG signals were
preamplified, differentially amplified and bandpassed (10-
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450 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, allowing for the determination
of the temporal distance parameters. 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.

A sequence of artifact-free EMG signals was chosen for
analysis. The EMG signals were digitized at 1 KHz for offline
computer analysis. They were full wave rectified and low pass
filtered with a 3.0 Hz cut-off frequency to produce analog linear
envelopes. The EMG data were synchronized to the normalized
stride duration defined as the period from initial foot-floor con-
tact (0%) to the subsequent foot-floor contact (100%). The
within-subject ensemble average of 10 strides was used for each
muscle as the representative profile for a given subject.

Joint Angular Displacement Data

Joint angular displacement data were collected from the right
lower limb. To do so, 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 as the heel, fifth metatarsal head and toe region of the
lateral border of the right shoe. Additional markers were placed
on a vertical and a horizontal bar to be used as absolute coordi-
nates for the video analysis. The trials were recorded on a 3/4-
inch video tape at a speed of 60 fields per second. A remote
search controller was used for field by field viewing. The sagit-
tal angular displacements were manually measured from the
monitor screen using a goniometer. Once the subject had
reached a steady state while walking on the treadmill, one rep-
resentative gait cycle for each subject at each BWS was ana-
lyzed. The joint angular displacements were measured at every
2 or 5% of the gait cycle, depending on the stride duration. The
trunk and hip angles were calculated with respect to a vertical
line, with the neutral position in standing being taken as 0° dis-
placement 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 at full exten-
sion, and the shank axis perpendicular to the foot, was taken as
0°. Knee flexion and ankle dorsiflexion beyond neutral was
taken as positive angular displacements, and ankle plantarflex-
ion beyond neutral was taken as negative angular displacement.

Normal Subject

Data were collected in the same fashion for 10 normal sub-
jects during treadmill walking at their maximum comfortable
speed at 0% BWS. The profiles of EMG activity (averaged
across 5 strides2%) and the sagittal angular displacements were
similar to those reported previously by various authors for
treadmill locomotion.2!-23 The EMG and kinematic data did not
vary extensively between the 10 normal subjects, therefore per-
mitting the illustration of one subject’s gait profile (Figure 2) to
provide a template against which the pathological gait profiles
can be compared.

RESULTS

The EMG, joint angular displacement and temporal distance
data collected for the spastic paraparetic subjects displayed high
variability between subjects thus precluding pooling of the
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Figure 2— A) EMG mean ensemble averages (across S strides) for MH, VL, TA and GA of a normal subject during treadmill walking at 1.36 ms-! at
0% BWS and B) corresponding sagittal angular excursions of a representative cycle for the trunk, hip, knee and ankle.
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Figure 3 — A) Comparison of the MH, VL, TA and GA EMG mean ensemble average (across 10 strides) between 0% and 40% BWS trials in a mildly
spastic patient (MP) during treadmill locomotion at 0.43 ms-! and B) the corresponding sagittal angular excursions of a representative cycle for
the trunk, hip, knee and ankle. Stancelswing transition at 0% BWS: 72.6% gait cycle; at 40% BWS: 55 4% gait cycle.
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Figure 4 — A) Comparison of the MH, VL, TA and GA EMG mean ensemble average (across 10 strides) between 0% and 40% BWS trials in a moder-
ately spastic patient (MB) during treadmill locomotion at 0.30 ms-! and B) the corresponding sagittal angular excursions of a representative cycle
for the trunk, hip, knee and ankle. Stance/swing transition at 0% BWS: 64.1% gait cycle; at 40% BWS: 62.4% gait cycle.
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results for global analysis. Each subject was studied as a
descriptive case study. Three of these cases will be described in
detail.

Patient 1: MP (Speed = 0.43 ms-2)

The gait profiles described by EMG and joint angular displacement
parameters of a mildly spastic subject (MP) walking at 0.43 ms~! with
0% and 40% BWS are contrasted in Figures 3A and B. At 0% BWS
this subject’s ambulation profiles deviated from that seen in the normal
(Figure 2A and B). At 40% BWS certain gait parameters were modified
resulting in a more normal gait. Figure 3A shows an increase in ampli-
tude for MH’s EMG burst at 40% BWS as well as a decrease in EMG
activity level during the muscle’s silent period (between 40 and 80% of
the gait cycle). The main effect of 40% BWS on VL was to produce a
marked decrease in burst amplitude during the stance phase (Figure
3A). A more appropriate EMG profile was noted for TA at 40% BWS,
with the initial burst occurring earlier in the stance phase (Figure 3A) as
seen in the normal subject (Figure 2A). GA EMG activity subsided ear-
lier in the gait cycle at 40% BWS, associated with a decrease in %
stance (Figure 3A; Table 2).

The near normal trunk and hip joint angular displacement profiles at
0% BWS were not altered at 40% BWS. The more remarkable
improvements at 40% BWS were seen at the knee. At heel strike there
was a straighter knee alignment with gradual knee extension during
midstance (Figure 3B). Qualitatively, subject MP demonstrated a
smoother, less spastic gait at 40% BWS.

Patient 2: MB (Speed = 0.30 ms-2)

Figure 4 depicts the EMG and joint angular displacement profile of
a moderately spastic subject, MB. Figure 4A illustrates the prolonged
activation during the entire stance phase of all 4 muscles at 0% BWS.
At 40% BWS there was a decrease in amplitude in the initial MH burst,
with a small increase in the second burst during the stance to swing
transition. At 0% BWS, VL showed an initial burst of activity occur-
ring within the first 10% of the gait cycle and a second burst appearing
during single limb support at midstance while the limb was fully load-
ed. At 40% BWS a remarkable change in EMG profile was evident,
with a decrease in burst duration resulting in proper timing relative to
the gait cycle as that seen in the normal subject (Figure 2A). In TA the
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abnormal burst seen during midstance at 0% BWS was absent at
40% BWS. The prolonged burst of GA lasting throughout the stance
phase was replaced by a profile showing enhanced activity at 0, 40 and
70% of the gait cycle during 40% BWS. More appropriate timing
between TA and GA was also noted with 40% BWS.

Figure 4B shows the sagittal angular displacement of the trunk, hip,
knee and ankle throughout the gait cycle. There was a straighter trunk
alignment at 40% BWS when compared to 0% (Figure 4B). The hip
angular excursion pattern was near normal at 0% BWS and remained
unchanged with 40% BWS (Figure 4B). At 0% BWS initial foot-floor
contact occurred with a flexed knee with subsequent knee extension
(0°) being maintained throughout the loading phase. At 40% BWS, the
knee angular excursion pattern approaches that of the normal subject
(Figure 2B). A straighter alignment of the knee at heel strike was noted,
with progressive extension until midstance, followed by flexion in lat-
ter stance and midswing. The maximum swing angle of the knee
occurred earlier in the gait cycle (75%). The straighter knee alignment
at initial foot-floor contact seen at 40% BWS, allows the dorsiflexed
foot to make initial contact with a heel strike rather than the entire sole
of the foot as is seen at 0% BWS (Figure 4B). This change in the sagit-
tal angular displacement of the ankle may be responsible for the more
normal GA EMG profile. Following initial foot-floor contact with the
entire sole of the foot at 0% BWS there was premature stretching of
GA as the body moved over an already stationary foot. At 40% BWS,
following heel strike, the dorsiflexed ankle plantarflexed to place the
sole of the foot on the ground and GA was shortened early in the stance
phase. This delays the stretch on GA to later in the stance phase, as
observed in the normal subject. The burst in GA seen at heel strike at
40% BWS may be due to a stretch on the muscle from the knee being
extended and the ankle dorsiflexed. The early recruitment of GA in late
swing may also be centrally activated as has been reported in immature
gait.24.25

Patient 3: BM (Speed = 0.26 ms-2)

Figure 5 presents the data of a severely spastic subject, BM, at 0%
and 40% BWS. The most marked change in EMG activity was seen in
GA where the sustained clonic activity during stance at 0% BWS was
diminished and a burst appeared with proper timing in relation to the
occurrence of push-off during the gait cycle (Figure 5A). At 40% BWS,
VL also showed the appearance of a small burst early in the stance

Table 2: Temporal Distance Parameters

Cycle Duration SLST Stance TDST Stride Length Speed
ms ms % % cm ms-!
Subject 0% 40% 0% 40% 0% 40% 0% 40% 0% 40% 0% 40%
MP 1592 1789 395 557 72.6 55.4 453 22.1 29.0 33.0 0.43 0.62
(84) (69) (46) 34) 3.3 (2.6) 4.7 3.3
RP 1080 1160 337 348 713 63.1 37.7 29.6 14.0 18.0 0.39 0.43
(53) (52) 45) 41) (PN (2.8) 3.3) 4.1)
MB 1763 2126 614 739 64.1 62.4 27.3 26.0 25.0 30.0 0.30 0.36
(58) (57) (58) 37 (2.8) (1.0) 2.4) (1.9)
RM 3074 2963 1205 1313 69.3 66.3 29.0 20.6 41.0 37.0 0.30 0.31
(136) (90) (68) (78) (1.8) (1.9 (1.8) 2.3)
BM 3165 3341 384 631 68.3 72.2 55.0 52.1 39.0 50.0 0.26 0.32
(146) (119) (48) (90) (5.6) 2.2) (5.3) (3.8)
RL 2230 2608 500 476 85.6 81.9 61.0 62.1 21.0 30.0 0.26 0.35
(205) (143) (135) (&2)) (3.3) (3.6) a4 B.D
SQ 3596 4041 1127 1407 68.4 65.5 345 32.0 47.0 61.0 0.26 0.26
(254) (333) (188) (259) (6.9) (1.2) 6.9) 6.7

The average cycle duration (ms); single limb support time (SLST) (ms); % stance; % total double support time (TDST); and stride length (cm) record-
ed at 0% and 40% BWS at the same treadmill speed are presented. The maximum comfortable treadmill speed (ms-1) at 0% and 40% BWS are also
shown. The averages are calculated across 10 strides. The number in parenthesis represents 1 standard deviation.
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phase. Minimal changes were noted for MH and TA with BWS.

The important changes in the joint angular displacement patterns
seen at 40% BWS were a straighter trunk alignment during the weight
bearing phase and the presence of hip extension (from -2 to -10°) in the
latter part of stance and initial swing. At 0% BWS the knee was main_
tained in constant flexion throughout the gait cycle, forcing the ankle
into excessive dorsiflexion during the loading phase. This may have
been responsible for the sustained clonus seen throughout the stance
phase. At 40% BWS, following initial foot-floor contact with a flexed
knee, the knee progressively assumed an extended position during the
weight bearing phase resulting in full knee extension during midstance.
Associated with the overall decrease in trunk, hip, and knee flexion at
40% BWS, was a more normal ankle excursion pattern with a decrease
in excessive dorsiflexion during mid and late stance (Figure 5B).

Global Effects of the BWS on the 7 Subjects

In general, there was a decrease in mean burst amplitude for
most muscles in all seven subjects, with certain muscles show-
ing a more appropriate EMG timing as evidenced by the exam-
ples presented above.

The changes in joint angular displacement patterns seen in
the seven subjects revealed that four subjects walking with a
flexed posture at 0% BWS demonstrated a straighter trunk
alignment at 40% BWS. Four of the seven subjects having knee
flexion during initial contact at 0% BWS showed greater knee
extension at 40% BWS (19 to 14°; 28 to 18°; 35 to 22° and 35
to 15°). Two out of three subjects having excessive knee flexion
during midstance at 0% BWS gained knee extension at 40%
BWS (22 to 16° and 35 to 5°). Qualitatively, six of the seven
subjects demonstrated smoother, freer movements of the lower
limbs at 40% BWS.

Table 2 contains a summary of the temporal distance data
collected on the seven subjects while walking on the treadmill
at 0% and 40% BWS. There was an increase in cycle duration
ranging from 5.6 to 20.6% for six subjects at 40% BWS. This
resulted in an increase in stride length ranging from 13.7 to
42.9% in these same subjects. Single limb support time was also
found to increase in six subjects with increases ranging from 3.3
t0 64.3%. A decrease in % stance with BWS was also noted in 6
subjects. In two of these subjects (MP and RP) the prolonged
stance phase approached normal values (55.4 and 63.1 respec-
tively) at 40% BWS. A further finding was a decrease in per-
centile total double support time (% TDST) in 6 subjects with
the more marked decreases seen in the mildly and moderately
spastic subjects (MP, RP and RM). Another important finding
was the ability of the 5 subjects to walk at higher maximal com-
fortable walking speeds at 40% BWS. The increase in speed
ranged from 10.3 to 44.2%.

All subjects subjectively reported it was easier and less
fatiguing to walk at 40% BWS than at 0% BWS. This was
reflected in their walking tolerance which increased at 40%
BWS, resulting in walking trials which were up to twice as long
as at 0% BWS (0% BWS = 2.5+ 1.4 min; 40% BWS = 3.7 £
2.0 min). All subjects also showed a less elevated heart rate (8
to 19%) following the 40% BWS trial than following the 0%
BWS trial indicating greater cardio-pulmonary efficiency when
walking with BWS.

DISCUSSION

EMG Activity
The EMG profiles of lower limb muscles of spastic paretic
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subjects have been described as having early recruitment with
prolonged activation during the stance phase.26-28 The authors
attributed these deviations of the EMG profiles to exaggerated
stretch reflexes since most of the activity in the muscles coin-
cided with instances of muscle lengthening during the gait
cycle. Four of the subjects in this study revealed prolonged acti-
vation of all four lower extremity muscles being investigated
throughout the stance phase. Such a pattern of muscle activation
can be modified with BWS. As can be seen in MB’s GA EMG
profile, the prolonged activation seen at 0% BWS was replaced
by a profile showing enhanced activity between 20 and 60% of
the gait cycle required for push-off at 40% BWS. This is most
probably due to the more normal angular excursion occurring at
the knee and ankle which could decrease premature stretch on
the GA during initial loading.

In the more severely spastic patient (BM), the enhanced
stretch reflexes in GA produced sustained clonus during the
entire stance phase at 0% BWS. At 40% BWS some clonus was
still present, but it ceased in mid stance, and a burst of activity
in GA appeared between 20 and 60% of the gait cycle. This
coincided with an increase in plantarflexion at the time of push-
off. Decreasing the load on the lower extremities also resulted
in a straighter trunk, hip and knee which then allowed the ankle
to be in a neutral position during midstance thereby decreasing
the stretch on the triceps surae. This may explain the decrease in
clonus, thus possibly allowing the GA to be activated and pro-
duce a burst for push-off.

Prolonged muscle activation of proximal muscles in spastic
paretic gait has also been described by Knutsson.!7.26 He
observed prolonged activation in quadriceps and abductor mus-
cles during the stance phase and defined the phenomenon as
“crutch spasticity” resulting from a response to load and tonic
stretch activation. An example of crutch spasticity can be seen
in the VL for subject MB. In this subject the problem of pro-
longed activation was alleviated by decreasing the load on the
lower extremities. At 40% BWS, VL has a more normal EMG
profile, showing a burst of activity early in the stance phase
with a definite silent period in late stance.

Joint Angular Displacement Patterns

The more important changes in joint angular displacement
patterns at 40% BWS were seen during the loading phases of
gait. The straighter knee alignment during initial loading and
midstance indicated that the subjects were able to bear weight
on the lower extremities without assuming the flexed posture
which is characteristic of spastic gait.27 Therefore, decreasing
the load led to more normal joint angular displacement profiles.
The occurrence of hip extension in BM at 40% BWS is an
important finding considering that hip extension plays an
important role in the initiation of flexion during locomotion.29
For this subject, the increase in hip extension resulted in an
increase in stride length.

Temporal Distance Parameters

The changes seen in the temporal distance parameters during
weight supported locomotion provides further evidence that this
strategy allows the patient to cope better with the loading of the
lower extremities. The increase in cycle duration and accompa-
nying increase in stride length, seen at 40% BWS at a constant
treadmill speed, indicates that the subjects are able to take
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longer steps. This may be a result of the subject’s ability to bear
weight on the affected lower extremity for longer periods of
time therefore allowing the contralateral limb to take a longer
step. Single limb support time (SLST) is a critical component of
gait30 requiring both the ability to balance and bear weight
while the ipsilateral limb is loaded during the swing phase of
the contralateral limb. Neurologically impaired gait is character-
ized by a shortened contralateral swing phase resulting in a
shortened SLST of the affected lower limb due to an inability to
adequately bear weight.3! Six of the spastic paretic subjects in
this study showed an increase in SLST at 40% BWS. This indi-
cated that with BWS the subjects are able to cope with the load-
ing phase of gait and can bear weight on the limb for longer
periods of time. At 40% BWS a decrease in % TDST was also
noted in the majority of subjects. This demonstrates that the
subjects may be able to transfer their weight from one limb to
the other with greater ease, requiring less support from both
limbs during the loading phases.

Speed is a temporal parameter of gait associated with higher
levels of lower limb motor recovery3! and locomotor function,3?
Spastic paretic patients walk at speeds considerably lower than
normal.27 Muscle hypertonia has been suggested as one of the
causes for the spastic paretic subject’s inability to walk at faster
speeds.33 The smoother, less spastic gait evidenced at 40%
BWS was accompanied by an increase in comfortable walking
speed. This suggests that decreasing load on the lower extremi-
ties facilitates locomotion, allowing spastic paretic subjects to
walk faster. This may be due, in part, to the decreasing influ-
ence of exaggerated stretch reflexes with BWS and may also be
related to the increase in stride length, decrease in TDST and
increase in SLST which were observed.

New Gait Training Strategy

It is a common clinical finding that neurologically impaired
patients have difficulty weight bearing through their affected
lower extremities during ambulation. One of the limitations of
conventional gait retraining is that it is done under full weight
bearing conditions, most of the time using parallel bars and
walking aids to alleviate the load on the lower extremities. A
dynamic and task specific approach consisting of progressive
weight bearing during treadmill locomotion may be an effective
strategy to retrain neurologically impaired gait. The clinical
implications and advantages of such a strategy are numerous.
The three components of gait: weight bearing, balance and step-
ping could be retrained simultaneously under dynamic condi-
tions. Gait retraining could be initiated early in the rehabilita-
tion period, providing as much BWS as needed to assume an
upright position and allow for assisted or unassisted stepping of
the lower limbs. This approach would enable “interactive loco-
motor training” to be performed.!3:15 As the patient walks on
the treadmill with a reduced load on the lower extremities gait
deviations can instantly be corrected and peripheral stimulation
can be provided to facilitate muscle activation during the stance
or swing phase.

Validation of this novel gait training strategy is in its prelimi-
nary stages. The effects of BWS need to be investigated in a
larger group of subjects stratified according to the degree of
spasticity to determine which subjects would respond more
favorably to BWS. The effects of supporting varying levels of
BWS from 0% to 40% also need to be investigated. This would
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help to define the criteria by which BWS should be decreased
during training. One important issue that needs to be resolved is
whether the more normal gait pattern elicited with BWS can be
retained and carried over to full weight bearing conditions fol-
lowing a training regimen incorporating BWS where weight
bearing through the lower extremities is progressively
increased. Preliminary studies suggest that interactive gait train-
ing with BWS was important in optimizing the locomotor pat-
tern and achieving full weight bearing in 2 spastic paretic sub-
jects.34

CONCLUSION

BWS during treadmill locomotion in spastic paretic subjects
appears to alleviate some of the problems of early stretch and
prolonged muscle activation encountered due to their inability
to cope with loading under full weight bearing conditions.
Decreasing the load on the lower extremities allowed for more
normal timing of EMG activity. The straighter trunk and knee
alignment during the loading phase, accompanied by a decrease
in TDST and an increase in SLST, stride length and speed sug-
gests that BWS facilitates the expression of the locomotor pat-
tern. Consequently it is proposed that the use of BWS during
gait training presents potential as a therapeutic approach to
retrain gait in neurologically impaired patients.
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