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ABSTRACT. It is known that people who have suffered
stroke walk slower than normal. However, their ability
to deviate from a preferred speed of walking has not
been reported. This study investigated the range of
walking speeds of 20 hemiplegic subjects and compared
the results with those of 20 normal age- and gender-
matched controls. All subjects traversed a computerized
prid walkway which measured selected temporal and
spatial gait parameters. Subjects walked at five self-
selected speeds: “mormal™; “slower than normal”;
“slowest”; “faster than normal”; and ‘‘fastest”.
Comparisons were made between velocity, range of
velocity, stride time and stride length. The hemiplegic
group walked significantly slower at all speeds, were
less capable of adapting the speed of their gait,
possessed a markedly reduced range of walking speed,
and walked more cautiously than the controls. These
deficiencies are likely to limit the stroke person‘s ability
to respond to environmental demands.
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Stroke continues to be an international health care
problem. In North America it is the third leading
cause of death and is the primary cause of disability in
the elderly (16, 22). It has been estimated that in
(anada each year, roughly 40,000 people will suffer
i stroke. This compares with 575,000 new cases per
year in the United States (12) and approximately
110.000 in the United Kingdom (10). In the United
States, the American Heart Association (1) estimated
that there were 3,020,000 stroke survivors alive in that
country in 1992. It is known that the incidence of
siroke increases with age, and, given that it is pro-
jected that the number of elderly in the developed
world will continue to rise and that survival rates
following stroke are increasing due to improved
medical management, disability as a result of
cerebrovascular disease will continue to exert a

considerable demand on health care systems for
some time to come (8, 19, 20, 21).

A primary therapeutic approach in the manage-
ment of stroke is the rehabilitation of the survivor (5).
This process places considerable emphasis on the
re-education of disordered motor ability. Walking is
often compromised and is a prime target of rehabili-
tation following stroke because of its importance to
functional independence (29).

The diminished velocity of the hemiplegic gait, in
comparisen to normal, has been reported repeatedly
along with associated limitations in stride time and
stride length (4, 24, 31). Particular reasons for this
deficiency have been proposed to be slowness in
advancing the affected leg in swing and inadequate
shifting of weight over the affected leg in support (31).
Knutsson & Richards (18) subdivided a sample of
stroke subjects on the basis of the electromyographic
activation patterns in six muscle groups of the lower
limbs. They found that, in terms of walking speed,
patients with a Type II activation gait pattern
(characterised by an abolition or a marked decrease
in electromyographic activity in two or more of the
recorded muscles in the hemiparetic limb resulting in
poor knee flexion during swing, foot/floor discrepan-
cies and hyperextension during the support phase)
walked the slowest of the three groups at a velocity of
0.47 m/s (range 0.18—0.78). Subjects with a Type III
pattern (marked by abnormal co-activation of several
of the recorded muscles caused by high levels of
spasticity and dominance of primitive synergistic
motor activity) walked at a velocity of 0.62 m/s
(range 0.59-0.71). Subjects with a Type I pattern
(characterised by premature activation of the calf
muscles which was combined with low levels of
activity in the anterior tibial group while the other
muscles in the affected lower limb demonstrated
normal or near normal activation patterns) were the
fastest walkers of the three groups ambulating at
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0.72 m/s (range 0.53-1.03). However, for different
reasons, all three groups walked slowly compared
with normal.

It has been reported that hemiplegic subjects
demonstrate spatiotemporal asymmetries and experi-
ence difficulties in single limb balance between limbs
(11). Altered temporal parameters of gait have also
been identified with increased time spent in double
support phases and reduced time spent in single
support (33). This finding is similar to that found in
elderly fallers by Wall et al. (34) who proposed that
this profile was associated with a “cautious™ gait
pattern probably resulting from compromised
balance.

In a study conducted by Wall & Turnbull (32), the
self-selected, preferred speed of the hemiplegic sample
studied was extremely slow with a mean stature-
relative velocity of (.25 stat/s. Only 2 subjects out of
25 were able to reach velocities of 0.4 stat/s, a speed
regarded as being in the slow range for normal elderly
people (23). This velocity decrement has potentially
important [unctional implications. For example,
many environmental factors, such as signals at
cross-walk intersections, are geared towards a much
faster walking speed (17). Although it is known that
hemiplegic subjects walk slowly, Giuliani (11) has
drawn attention to the fact that very little research
has been conducted on the speed related changes in
the hemiplegic gait patterns. Little is known, there-
fore. of the velocity adaptability of hemiplegic gait.
One study which did examine different walking speeds
was that conducted by Bohannon (3) who found a
significant difference in velocity between a group of
hemiplegic subjects’ “comfortable™ walking speed
and their maximum safe speed". This study, how-
ever, investigated no gait parameters other than
velocity and examined only two walking speeds.
Harro & Giuliani (15) found that the self-selected
walking speeds of hemiplegic subjects were consider-
ably slower than normal and reported deficiencies in
the ability of hemiplegic subjects to increase walking
speed compared to controls. This poverty of walking
speed has traditionally been attributed to decreased
joint movement amplitudes and step lengths as well as
an inability to produce selective movement in the
joints of the lower limb and poor balance (6, 25).

Attempts by hemiplegic subjects to walk faster may
result in an accentuation of the gait abnormalities
because of the apparent direct relationship between
asymmetry and speed (4, 7). This could result from
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increases in levels of spasticity with an associated
increase in gait asymmetry as a result of effort, a
phenomenon that Bobath (2) has referred to as
“‘associated reactions”. Attempts to increasc walking
velocity may be a difficult proposition for stroke
subjects because it has proposed that increases in
movement velocity result in deterioration of motor
performance (13). Attempts to increase walking
speeds by hemiplegic subjects. therefore, may also
result in problems of safety and a more abnormal
gait pattern. This deterioration of performance, which
remains to be systematically described in relation to
hemiplegic gait, appears to be worthy of consideration
as an important rehabilitation concern.

The purpose of this study was to investigate
the range of walking speeds of which ambulant,
hemiplegic subjects were capable and compare the
resultant data with those of age- and sex-matched
controls. In addition, the effect of velocity upon the
parameters of stride time and stride length were
examined.

MATERIALS AND METHODS

A group of stabilised stroke patients (1 = 20) was studied
and compared with an age- and sex-matched control group.
The study sample included 12 males and 8 females between
the ages of 32 and 73 years (mean = 57.24 10.63) who
demonstrated residual hemiplegia from a single stroke
suffered between 16 months and 20 years previously. This
duration post stroke ensured that the neurological status of
the subjects was stable. Twelve subjects demonstrated left
sided hemiplegia and the remainder, right sided. Excluded
from the study were patients with symptoms which were
associated with a negative rehabilitation prognosis as
described by Stonnington (28). These prognosticators
included serious or unstable medical conditions, such as
heart disease or uncontrolled hypertension, major per-
ceptual disturbances including unilateral neglect, significant
peripheral sensory loss, visual field defects including
homonymous hemianopsia, marked cognitive disturbances
including memory defects, severe intractable pain and
incontinence of bowel or bladder. All subjects were capable
of comfortably walking at least 50 m without the assistance
of an ambulatory aid, such as a cane, however. all demon-
strated, subjectively, an “asymmetrical, hemiplegic gait
pattern”. Both right and left sided hemiplegics were
included. Subjects with disabilities from other pathologies.
such as osteoarthrosis of the hip, which would have poten-
tially further interfered with the gait pattern. were also
excluded as were those who suffered from receptive aphasia
which would have compromised the giving of instructions
during data collection. All stroke subjects had undertaken
formal rehabilitation and had been discharged from this
process.

The control group was comprised of twenty healthy
individuals (12 men and 8 women), aged between 33 and
84 years (Mean = 61.5 + 12.98) who were functionally and
socially independent. Specific exclusion criteria were applied
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lo ensure that no factors which were known to affect gait
were present in the subjects of this sample. These criteria.
proposed by Hogan et al. (17), consisted of a history of
neurological disease. vestibular or inner ear disorders, severe
visual disability, significant peripheral sensory loss, severe
degenerative osteoarthritis, cognitive disturbance including
memory loss, marked skeletal deformity, postural hypo-
iension, chronic  alcohol abuse, advanced cervical
mvelopathy, normal pressure hydrocephalus and multiple
sensory disorder. These subjects were recruited from local,
communily-based groups located in the same metropolitan
area from which the stroke subjects were recruited.

The temporal and distance kinematics of the gait cycle
were measured using a computerized. resistive grid walkway
originally developed by Wall et al. (30) and later modified by
Crouse et al. (9). The walkway consisted of a series of mats
into which a grid was set. The grid was made up of copper-
clad steel welding rods embedded in ribbed rubber mats and
which were situated 0.78 cm apart. Each mat had two grids
s that the left and right feet were measured separately. The
walkway was 10.4 m long with the central 7.2 m transduced.
[Pummy mats were placed at the beginning and at the end of
this transduced area to eliminate the effects of the accelera-
tions and decelerations at the commencement and conclusion
ol cach walking trial. Thus, constant velocity gait trials
were measured. Each subject had a strip of self-adhesive,
aluminum tape attached to the sole of his/her own shoes
which served to complete a current path to ground, when the
lape was in contact with the mat, through the otherwise
clectrically isolated rods. The system provided data on
spatial and temporal characteristics of the gait cycle and
velocity, expressed in both absolute (m/s) and relative (st/s)
terms. The unit of velocity referred to as relative speed was
proposed by Grieve & Gear (14) to account for differences in
walking speed as a result of subject height. To calculate this
measure, velocity was divided by stature and was expressed
s the number of times body height was covered in over-
sround walking in 1 s. This measure has been shown to be
hetter correlated to other gait parameters than velocity
cxpressed in terms of m/s (26). Stride length was also
measured in relative terms for the same reasons and
reflected the percentage of stature covered in one stride.

All subjects were requested to walk at five speeds and
received the same instructions prior to each walk in the
[ollowing manner and sequence. The first trial was under-
laken at the self-selected “free™ speed of the subjects.
Following this they were asked to walk “slower than
normal” and then at “slowest”™ speed. An additional
‘normal” speed walk, during which data were not
collected, was then interposed before the next tested walk.
[he purpose of this trial was to re-orientate the subject’s

perception of normal speed which was used as a reference
point from which the subject determined variations in
velocity. Subjects were then instructed to walk “faster than
normal™ and. finally, at their “fastest™ speed.

RESULTS

Data from the hemiplegic subjects were compared
with those of normal age- and sex-matched controls
utilizing two Factors (subject type and walking speed
condition), repeated measures ANOVA. Repeated
measures on one factor (walking condition) were
then conducted to identify differences between
walking speed conditions for the hemiplegic group
and the normal sample. Post hoe analyses utilizing the
SchefTé test were then used to identify the location of
the significant differences. Unmatched ¢ tests were
used to test for differences between hemiplegic and
normal performances at each of the walking con-
ditions. The 0.05 level of probability was used
throughout this study as the level of significance.

Table I shows the general characteristics of the
subjects who took part in this study. Statistical
testing showed no differences between the groups for
age, stature and mass. The distribution of males and
females was the same in both samples.

Fig. 1A compares velocity at each of the walking
conditions between the hemiplegic and control samples.

Statistical analysis identified significant differences
between type of subject (normal and hemiplegic) and
the different walking conditions and demonstrated
that a significant interaction existed between the two
factors. Repeated measures on one factor for the
normal group revealed significant differences
between all walking conditions in the normal group.
However, in the hemiplegic group, only one of the
four adjacent speeds (between “free™ and ““fast™) was
significantly different. Comparison of the same walk-
ing conditions between the two groups showed clear

Table I: Subject characteristics (ns = no significant difference)).

Hemiplegic Normal
Parameter Mean SD (Range) Mean SD (Range) p
Number 20 20
Age (yr.) 57.2 10.7 (30-77) 61.5 13.0 (33-84) ns
Stature (cm) 170.2 9.8 (151-185) 171.6 10.00 (155-191) ns
Mass (kg) 77.6 15.7 (52.7-114.5) 71.7 15.1 (46.4-101.8) ns
Sex 12 males 8 females 12 males 8 females
Years since stroke 10.7 5.6 Not applicable

(1.4-20.0)
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differences with the normal group walking signifi-
cantly faster at all conditions than the hemiplegic
sample. Comparison of the “slowest™ walking
condition for the control group and the “‘fastest”
condition in the hemiplegic group resulted in an
insignificant p value (0.0544) indicating that the
“fastest™ walking speed of the hemiplegic group was
not statistically different from the “slowest” walking
speed of the normal sample.

Fig. 1B compares range-of-walking-speed data for
each subject in both groups. The data have been
sorted in descending range to facilitate comparison.
Range of walking speed was calculated by subtracting
the slowest walking speed for each subject from the
fastest walking speed. The mean range-of-walking-
speed for the hemiplegic sample was 0.30 stat/s +0.20
(range 0.07-0.68) while that for the control group was
0.66 stat/s +0.21 (range 0.44-1.13). Analysis showed
that these differences were significant. Only six of the
stroke subjects were within the range of the normal
subjects while the remainder were below normal.
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Fig. 1C shows the mean values and standard
deviations for stride time obtained at each of the
self-selected walking speeds for both groups of sub-
jects. Analysis revealed significant differences between
the two subject types and between the five walking
speeds. However, unlike the findings for walking
speed. no interaction between the two factors was
detected indicating that stride time decreased in a
similar manner in both groups with increasing
walking speed.

In the normal sample significant differences in stride
time for two of the four pairwise combinations were
detected, the exceptions being for the stride times
between the “free” and “fast” and the “fast” and
“fastest™ conditions.

When the stride time values for the hemiplegic
sample were analyzed, significant differences were
detected between three of the four pairwise combi-
nations with no difference between the stride times at
the “fast”™ and “fastest™ conditions.

When the stride times for each of the walking
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Fig. 1. Relative velocity at the five self-selected walking speeds (A), range of walking speeds for all subjects (B), stride times at
the five self selected walking speeds (C) and stride time plotted against relative velocity (D).
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speeds were compared between the groups, significant
differences were detected between the groups for each
ol the same walking conditions. Further, the stride
lime for the hemiplegic group at the “fastest™ walking
(rial was almost identical to the stride time for the
control group for the “slow™ trial.

These stride time values are plotted against relative
velocity in Fig. 1D. The shape of the graphs for both
hemiplegic and control groups are curvilinear and
appear somewhat similar although the hemiplegic
proup demonstrated slower stride times overall. The
absence of an interaction between type of subject and
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Fig. 2. Relative stride length at each self-selected walking
speed (A), relative stride length plotted against relative
velocity (B) and stride time and relative stride length plotted
uoainst velocity for both the hemiplegic and normal samples
(C).
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walking speed under the various gait testing con-
ditions would tend to support the contention that
the curves generated were similar.

Fig. 2A compares stride length data (normalised for
stature) of the two groups. Significant differences
between the type of subject, the different walking
conditions and a significant interaction between the
two factors were demonstrated. In the normal group,
post hoc analysis revealed that there were significant
differences between all of the walking conditions
except between the “fast” and the “fastest™ trials. In
the hemiplegic sample, no differences were found
between the “slowest” and the “slow”. the “free”
and the “fast”™ and the “fast” and the “fastest”
trials. Significant differences were found between all
other pairwise combinations. Comparison between
the two groups showed significant differences at each
of the walking trials with the normal groups taking
longer strides at all walking trials. The relative stride
length for the hemiplegic group at the “fastest™
condition was almost identical to that found for the
control group at the “slowest” walking trial.

Fig. 2B shows relative stride length plotted against
relative walking velocity for both groups. As
expected, both groups demonstrated increasing
stride length with increasing walking speed. How-
ever, like the measures discussed earlier, the hemi-
plegic stride length was less than that of the controls
with only the stride lengths of the two faster speeds
generated by the stroke subjects overlapping the stride
length of the slowest speed of the normal group.

DISCUSSION

In discussing the implications of this study, it must be
borne in mind that the hemiplegic sample was a highly
functional group. As such, these particular stroke
subjects could be considered to be elite in terms of
walking ability.

The control group increased walking speed in a
manner to be expected given the nature of the
instructions issued to the subjects. Significant differ-
ences were detected between all walking conditions.
Thus, the normal subjects possessed the capability of
consciously varying their walking speed between all
conditions requested. Therefore, of the five speeds
requested, the normal subjects were able to clearly
demonstrate all five. This was not the case in the
hemiplegic sample with no differences in walking
speed being found between the “‘slowest”™ and
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“slow™, between the “slow™ and ““free”, and between
“fast™ and “fastest” walking test conditions. There-
fore, only one of the adjacent walking condition pairs.
that between the “free” and “fast”™ speeds, was
significantly different. This would tend to suggest
that when compared to the control group there was
a limited ability in the hemiplegic group to con-
sciously vary walking velocity, resulting in a fewer
number of walking speed “gears™ being available
compared with normal.

The ranges of walking speeds were also found to be
deficient in the hemiplegic sample. Although six of the
hemiplegic subjects (perhaps those with the least
amount of residual gait disability) possessed
“normal” ranges-of-walking-speed. the majority did
not. It is likely that, despite carefully controlling of the
hemiplegic subjects who qualified for inclusion in this
study, inter-subject variability within the hemiplegic
sample may have led to the increasing variability
found as walking speed increased. However. this
finding should be considered in the context that this
hemiplegic sample clearly walked slower than the
normal group.

Although it was useful to examine self-selected
walking speeds from slowest to fastest, such com-
parisons had limitations because the perceptions of
“slow”, “fast™ etc. were specific to each subject. There
was no way to control that a given perception of the
velocity of gait was consistent between subjects. As
such, the limitations of comparing psychometrically
derived values were fully recognized. However, the
procedure was designed to vield a range of walking
speeds and increments between these extreme values.
In this way, it was possible to examine temporal and
spatial gait parameters, particularly stride time and
stride length, at different speeds of walking. This was
useful because it is known that gait velocity influences
other gait parameters, both temporal and spatial (26).
As a result of the generation of data at different gait
velocities, it was possible to compare these other
parameters both directly and as a function of
gait velocity and to compare the performance of the
hemiplegic subjects with that of age- and sex-matched
controls.

Itis known that there is a clear relationship between
gait velocity, stride time and stride length. With
increasing walking speed, stride time diminishes
while stride length increases (26). Thus. many of the
findings for stride time and stride length in this study
could be accounted for by the simple fact that walking
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speed was increasing or decreasing. Fig. 2C plots both
stride time in s and stride length in m against relative
speed for both samples with a view to examining the
interaction of stride time and stride length with
walking speed.

It can be seen that the shapes of the curves for the
hemiplegic sample were similar to those of the control
group except that neither stride time nor stride length
were ol sufficient range given the range of walking
speeds available. The normal values intersected at
approximately 0.5 stat/s before diverging again, with
increasing speed leading to shorter stride times and
longer stride lengths. While the same was also true of
the hemiplegic sample, the intersection did not occur,
and stride time and stride length remained restricted
apparently by the limitations of the gait velocity to
well below 0.6 stat/s. Thus, it appeared that the stroke:
subjects were unable to attain the stride times or the
stride lengths of the normal subjects because they were
unable to walk as fast. The converse of this statement
may also have been true, that is, that the stroke
subjects were unable to walk as fast as the controls
because they were unable to take quick enough or
long enough strides.

When the stride times and stride lengths were
compared with those of the controls at the speeds
which were common to both groups (the “‘free”,
“fast™ and “fastest” for the hemiplegic group and
the “slowest™ and “slow™ for the controls), the stride
times and stride lengths for the hemiplegic sample
were less than those of the controls. This finding
indicates that the hemiplegic sample took relatively
quick and short steps, suggesting an urgency to
minimise single support and return to the more
stable phases of the gait cycle when both feet were
in contact with the ground. The quicker and shorter
strides are suggestive of a “mincing’’ gait pattern, a
term used by Wall et al. (34), to describe the cautious:
gait of elderly people with balance problems. This
profile lends further support to the contention that the
balance of the hemiplegic subjects is deficient.

From the perspective of rehabilitation, this study
has important implications. The clear inability to alter
walking speed and the significant reduction in the
range of walking speeds found in the hemiplegic
sample must have a functional impact. Attention to
the rehabilitation of different walking speeds appears
a worthy goal although it is a treatment objective
which receives little mention in the literature. Given
the results of this study, which showed that even an
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clite group of hemiplegic subjects walked substantially
slower and with less velocity-adaptability than
normal, attempts to rectify these deficiencies should
be addressed. Examination of the two variables which
influence walking velocity, namely stride time and
length, may yield some clues as to how this objective
may be reached. The interaction found between the
independent variables (subject type and walking con-
dition), which was detected for walking velocity, was
also found for stride length but not for stride time.
I'his would tend to suggest that some of the problem
lics in the fact that the hemiplegic subjects were unable
Lo alter stride length but were able to alter stride time
in ¢ manner similar to the control group. Therefore,
during practice of gait in the rehabilitation setting,
attempts should be made to increase stride length,
probably by gradually progressing the length of each
step as the patient gains more control. This could be
done, perhaps. by providing subjects with a goal, such
is a visual cue, which would encourage a longer step.
In addition, patients should be trained to increase the
speed of steps during treatment. Resultant improve-
ments in the length and speed of each step would
result in faster gait velocities. In proposing these
strategies, it is recognised that for success to occur,
it 1s likely that attention would have to be paid to the
dynamic balance capabilities of the patient. A faster
pait pattern demands greater displacement of the
ventre of mass of the subject which would briefly
render the subject unstable (27). The ability to
recover safely and smoothly from such a displace-
ment is of paramount importance. Balance retraining,
therefore, would be an important priority as a means
ol improving gait performance.

CONCLUSION

I'he temporal and spatial gait kinematics, as measured
in this study, were significantly different between the
hemiplegic subjects and the age- and sex-matched
controls. The hemiplegic subjects walked slower and
possessed a greatly reduced range of walking speeds.
Muany of the differences detected in stride times and
lengths could be explained by differences in walking
speed between the two groups. However, when the
pait patterns where the samples walked at similar
velocities were examined, the hemiplegic group still
look quicker and shorter strides. The implication of
(his finding is that the hemiplegic group walked in a
cautious manner. The procedure of walking subjects

at a variety of psychometrically derived rather
than physically determined walking speeds, clearly
demonstrated the extent of the gait velocity
decrement in stroke. This finding would suggest that
more attention should be paid to this competency
during rehabilitation.

REFERENCES

1. American Heart Association: Gaining ground 7: 3, 1992.

2. Bobath, B.: Adult hemiplegia: evaluation and treatment.
Second Edition. Heinemann. London, 1978.

. Bohannon, R. W.: Walking after stroke: comfortable
versus maximum safe speed. Int J Rehabil Res /5: 246—
248, 1992,

4. Brandstater, M. E., de Bruin. H.. Gowland, C. & Clarke,
B. M.: Hemiplegic gait: analysis of temporal variables.
Arch Phys Med Rehabil 64: 583587, 1983.

. Brocklehurst. J. C.. Andrews, K., Richards, B. &
Laycock, P. J.: How much physical therapy for patients
with stroke? BMJ 7: 13071310, 1978.

6. Brunnstrom, S.: Movement therapy in hemiplegia.
Harper and Row. London. 1970.

7. Carlsoé. S., Dahllsf, A. & Holm, J.: Kinetic analysis of
gait in patients with hemiparesis and in patients with
intermittent claudication. Scand J Rehabil Med 6: 166
179, 1974,

8. Craik. R.: Changes in locomotion in the aging adult. In
Development of posture and gait across the life span
(eds. M.H.Woollacott & A. Shumway-Cook). pp. 178
201. University of South Carolina Press. Columbia.
South Carolina, 1990.

9. Crouse. I., Wall, J. C. & Marble, A. E.: Measurement of
the temporal and spatial parameters of gait using a
microcomputer based system. J Biomed Eng 9: 6468,
1987.

10. Evans, J. G. & Caird, F. 1.: Epidemiology of neuro-
logical disorders in old age. In Neurological disorders in
the elderly (ed. F. I. Caird), pp. 1-16. Wright, P.S.G.,
London, 1983.

11. Giuliani, C. A.: Adult hemiplegic gait. fn Gait in
rehabilitation (ed. G. L. Smidt), pp. 253-266. Churchill
Livingstone, New York, 1990.

12. Goodstein, R. K.: Overview: cerebrovascular accident
and the hospitalized elderly—a multidimensional
clinical problem. Am J Psychiatry 740 141-147, 1983.

13. Gowland, C.: Predicting the outcome of stroke. In
International perspectives in  physical therapy—2
stroke (ed. M. A. Banks), pp. 17-47. Churchill
Livingstone. Edinburgh. 1986.

14. Grieve, D. W. & Gear, R. J.: Relationship between
length of stride. step frequency. time of swing and
speed of walking for children and adults. Ergonomics
9:379-399, 1966.

15. Harro, C. C. & Giuliani, C. A.: Kinematic and EMG
analysis of hemiplegic gait patterns during free and fast
walking speeds. Neurol Rep /1: 57-62, 1987.

16. Heart and Stroke Foundation of Ontario: A strategy for
stroke: final report of the stroke ad hoc committee.
Toronto, Ontario, 1994.

17. Hogan, D. B., Berman, P., Fox, R. A., Hubley-Kozey,
C.. Turnbull, G. T & Wall. I. C.: Idiopathic gait disorder
of the elderly. Clin Rehabil 1: 17-22, 1987.

{9¥]

A

Secand J Rehab Med 27



182

18.

19.
20.
21

22.

23.

24,

25.

27.

28.

G. 1. Turnbull et al.

Knutsson, E. & Richards, C.: Different types of
disturbed motor control in gait of hemiparetic patients.
Brain /02: 405-430, 1979.

Lane, R. E. J.: Facilitation of weight transference in the
stroke patient. Physiotherapy 64: 260-264. 1978.

Lane, R. E. J.. Team leaders in stroke care—an
introduction. Physiotherapy 67: 194, 1981.

Levy, R. L: Stroke decline: implications and prospects.
N Engl J Med 300: 490-491, 1979.

McCann, C. & Culbertson, R.: Comparisons of two
systems for stroke rehabilitation in a general hospital.
J Am Geriatric Soc 24; 211-216, 1976.

O’Brien, M.. Power, K., Sanford, S., Smith, K. & Wall,
J. C.: Temporal gait patterns in healthy young and
elderly females. Physiotherapy Can 35: 323-326, 1983.
Peat, M.. Dubo, H. . C., Winter. D.. Quanbury, A. O.,
Steinke, T. & Grahame, R.: Electromyographic
temporal analysis of gait: hemiplegic locomotion. Arch
Phys Med Rehabil 57: 421-425, 1976.

Perry, J.: The mechanics of walking in hemiplegia. Clin
Orthop 63 23-31, 1969.

. Rosenrot, P., Wall. J. C. & Charteris, J.: Relationship

between velocity, stride time, support time and swing
time during normal walking. Hum Mov Stud 6:323-335,
1980.

Steindler. A.: Kinesiology of the human body under
normal and pathological conditions. Thomas, Spring-
field. IIL., 1955.

Stonnington, H.: Rehabilitation in cerebrovascular

Scand J Rehab Med 27

diseases. In Primary care. Clinics in office practice (ed.
H. Rovden Jones), pp. 87-106. Saunders, Philadelphia,
1980.

29. Turnbull, G. I. & Wall. J. C.: Gait re-education follow-

30.

3l

33.

34.

ing stroke: the application of motor skills acquisition
theory. Physiotherapy Practice 5: 123—133, 1989.

Wall, J. C., Dhanendren. M. & Klenerman, L.: A
method of measuring the temporal/distance factors of
gait. J Biomed Eng //: 409412, 1976.

Wall. J. C. & Ashburn, A.: Assessment of gait disability
in hemiplegics. Scand J Rehabil Med 77: 95-103, 1979.

2. Wall, J. C. & Turnbull, G. I: Gait asymmetries in

residual hemiplegia. Arch Phys Med Rehabil 67: 550
553, 1986.

Wall, J. C. & Turnbull. G. L: Evaluation of oul-patient
physiotherapy and a home exercise program in the
management of gait asymmetry in residual stroke. J
Neurol Rehabil /: 115123, 1987.

Wall, J. C.. Hogan, D. B., Turnbull, G. I. & Fox, R. A.:
The kinematics of idiopathic gait disorder of the elderly:
A comparison with healthy young and elderly females:
Scand J Rehabil Med 23: 159164, 1991.

Address for offprints:
George 1. Turnbull, PhD, Professor
School of Physiotherapy. Dalhousie University

5869, University Avenue. Halifax, Nova Scotia
Canada B3H 315




