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RIGINAL ARTICLE

ssistive Walking Devices in Nonambulant Patients Undergoing
ehabilitation After Stroke: The Effects on Functional Mobility,
alking Impairments, and Patients’ Opinion
arah F. Tyson, PhD, Louise Rogerson, BSc
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ABSTRACT. Tyson SF, Rogerson L. Assistive walking de-
ices in nonambulant patients undergoing rehabilitation after
troke: the effects on functional mobility, walking impairments,
nd patients’ opinion. Arch Phys Med Rehabil 2009;90:475-9.

Objective: To assess the immediate effects of assistive
alking devices on functional mobility, walking impairments,

nd patients’ opinions in nonambulant patients after stroke.
Design: Randomized crossover trial.
Setting: Inpatient rehabilitation units of 3 United Kingdom

ospitals.
Participants: Twenty nonambulant patients with stroke un-

ergoing rehabilitation to restore walking.
Interventions: Five walking conditions: (1) Walking with

o device (the control condition), (2) walking with a walking
ane, (3) ankle foot orthosis, (4) slider shoe, and (5) a combi-
ation of all 3 devices.
Main Outcome Measures: Functional mobility (functional

mbulation categories), walking impairments (speed, step
ength of the weak leg), and patients’ opinions.

Results: Functional mobility improved with all assistive
evices (P�.0001–.005; effect sizes 1.68–0.52; number
eeded to treat�2–5). Walking impairments were unchanged
P�.800–.988). Participants were generally positive about the
evices. They felt their walking, confidence, and safety improved
nd found the appearance and comfort of the devices acceptable.
hey would rather walk with the devices than delay walking until
normative gait pattern was achieved without them.
Conclusions: Assistive walking devices improved func-

ional mobility in nonambulant rehabilitation patients with
troke. No changes in walking impairments were found. Par-
icipants were generally positive about using the devices. The
esults support the use of assistive walking devices to enable
arly mobilization after stroke; 2 patients would need to be
reated with a cane or combined devices for 1 to improve
unctional mobility.
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ESTORATION OF WALKING is a primary goal for
people with stroke and their therapists,1,2 and most stroke

urvivors regain the ability to walk.3 However, this encourag-
ng statement belies significant activity restriction; hemiplegic
ait is slow and energy-inefficient,4 few people with stroke are
ble to mobilize outside the house as they wish, and approxi-
ately 20% are unable to get out of the house unaided at all.5

ne way to manage walking disability after stroke is to use
ssistive devices such as a walking cane or AFO. These are
opular with patients; more than two thirds of people with
troke use a walking cane,6 and more than 20% use an AFO,7

ut they are controversial with physiotherapists. In the United
ingdom, physiotherapists are traditionally reluctant to use

ssistive devices because they believe they limit the restoration
f normative walking patterns and independent mobility.8-10

ore recently, physiotherapists perceive that their practice has
volved to embrace the use of assistive devices,11-13 but this is
ot evident in actual day-to-day clinical practice.14

There is a growing body of evidence that shows assistive
evices, particularly AFOs, may have a beneficial effect on
alking in people with stroke.15-25 However, evidence has

ocused on people with chronic stroke who have completed
heir rehabilitation and the effects on walking impairments.
ther important issues such as the effects on walking activity,
eople who are undergoing rehabilitation, assistive devices
ther than AFOs, and patients’ opinions and satisfaction have
een relatively neglected. We aimed to address these issues by
nvestigating the effect of assistive walking devices on func-
ional mobility, walking impairments, and patients’ opinions in
onambulant patients undergoing rehabilitation after stroke.

METHODS

articipants
Participants were recruited from 3 National Health Service

rusts in Manchester, United Kingdom. We aimed to recruit
atients in a very specific period during their rehabilitation:
eople who were just getting up on their feet to start walking
ut were unable to walk functionally in everyday life. Thus the
nclusion criteria were the following:

y Unable to walk for at least 2 weeks after their stroke
y Undergoing inpatient rehabilitation to restore walking

List of Abbreviations

AFO ankle foot orthosis

FAC functional ambulation category

Arch Phys Med Rehabil Vol 90, March 2009
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A

y Unable to mobilize independently without aids in every-
day life on the ward

y Able to step and practice walking during physiotherapy
sessions although they may need support

y Able to walk 5m without physical support (the minimum
walking distance for the test procedure)

y Able to give informed consent
Patients’ progress was screened by the treating physiother-

pist, and when they achieved the inclusion criteria, the phys-
otherapist approached the patient to take part in the study. If
hey agreed, the research physiotherapist (L.R.) was contacted,
nd an appointment for testing was made. Power calculations
ere made on unpublished data from a previous study of the

ffects of an AFO on nonambulant people undergoing rehabil-
tation.15 Sixteen participants would give 95% power with a
% level of significance with a mean difference of 0.071 m/s
SD�0.783) between walking with and without an AFO. The
ample size was rounded up to 20 to allow for dropouts. Ethical
pproval for the study was obtained from University of Salford
nd local research ethics committees for each of the participat-
ng National Health Service trusts.

Twenty patients were recruited, and all completed testing
ith no dropouts. None were using the assistive devices as part
f their rehabilitation. Mean age was 65.6 years (SD�10.4),
nd the mean time since stroke was 6.5 weeks (SD�5.7).
even had a right hemiparesis, and 13 had a left hemiparesis.
hey were a severely impaired group; mean Motricity Index
core was 48/100 (SD�17.5), mean Rivermead Assessment of
omatosensory Perception score was 6.7/18 (SD�0.7), and
ean Brunel Balance Assessment score was 6.4/12 (SD�1.1).

n their daily physiotherapy sessions, the treating physiothera-
ists categorized their walking activity as follows: 10 (50%)
ere unable to walk without assistive devices, 8 (40%) needed

onstant support, and 2 (10%) were able to walk with inter-
ittent support. The median FAC was 1 (walking with constant

upport; interquartile range, 1,1).

esign and Procedure
A randomized controlled crossover trial was undertaken.

he patients’ walking with no assistive device was the control
ondition, and walking with each of the assistive devices was
he intervention. The order in which the different conditions
ere tested was randomized, and allocation was concealed.
fter consent and the initial descriptive information had been
btained, the patient picked a concealed envelope containing
he randomized testing order from a bag. Neither the tester nor
atient could be blind to the testing order because it is obvious
hether someone is using an assistive device. To negate the

ffects of rehabilitation or spontaneous recovery, all testing
as performed in a single day.

ssistive Devices
The assistive devices used were those most commonly used

n clinical practice: a walking cane, an AFO, and a slider shoe.
he walking cane was a standard issue, adjustable metal walk-

ng cane. Its length was adjusted for each patient so that the
andle was level with the greater trochanter of the patient’s
ound hip; it was held in the sound hand. The AFO was an
ssur leaf spring ankle foot orthosisa (http://www.ossur.com),
hich is an off-the-shelf AFO used as a standard issue orthosis

n many hospitals in the United Kingdom. The AFO was
ndividually fitted for each patient. The slider shoe was a
ustom-made half-shoe of thermo-moldable plastic that fits
ver the subject’s own shoe and is secured by a raised lip

round the toe and sides and an elastic strap around the heel. It f

rch Phys Med Rehabil Vol 90, March 2009
nables the patient to slide their weak foot forward to make a
tep when they are too weak to lift their foot off the ground to
dvance the leg.

easurements and Outcome Measures
The descriptive information gathered was age, sex, time

ince stroke, side of hemiparesis, weakness of the lower limb
Motricity Index26), sensation of the lower limb (Rivermead
ssessment of Somatosensory Perception27), and balance

Brunel Balance Assessment28).
The descriptive information was gathered and the assistive

evices were fitted in the morning, during which time the
atients had opportunity to practice with the devices as much as
hey wished. Testing took place in the afternoon. The primary
utcome, functional mobility, was measured using the FAC, a
eliable, valid 6-point ordinal scale of the independence of
alking.29,30 Items range from being unable to walk through
ependence on support or supervision from another person, to
ndependence walking on level ground, and finally indepen-
ence to walk anywhere. The walking impairments were walk-
ng speed and step length of the weak leg under each testing
ondition, measured using a five-meter walk test.31 The five-
eter walk test was repeated twice for each condition and
ean values calculated. To perform this, a 5-m distance was
arked on the floor and the time and number of steps taken for

he participant to walk the 5m measured. The participant
tarted to walk a meter before the start line and continued at a
elf-selected pace until they crossed the finish line, so they
alked at their normative speed over the full 5m. They rested

s they felt necessary during the testing session. The amount of
ractice was not recorded. Five meters was chosen as the
istance for the timed walk test because of the severe impair-
ents experienced by the target population; previous experi-

nce indicated that they would not be able to walk the 10m
ommonly used as a walk test for more able populations and
as found the five-meter walk test to be reliable, valid, and able
o detect changes from using assistive devices in this patient
roup.15,23,31 Walking speed was calculated from the time
aken to walk 5m (5/time [seconds]), and mean step length was
alculated from the number of steps taken with the weak leg
5/number of steps).

After the gait testing was complete, the participants filled in
written questionnaire on their opinions about each device.

he questionnaire was adapted from one previously used by the
uthors to investigate opinions of AFOs.15 It consisted of open
nd closed questions and Likert scales asking about the effect
f the device on the participants’ gait, their views of the device
tself and using them to enable early mobilization, and their
references.

nalysis
Differences between each of the 4 assistive devices and the

ontrol condition (walking with no device) were assessed using
he Friedman test for the categorical data (the FAC and question-
aire) and a 1-way ANOVA for continuous data (the measures of
alking impairment). Where significant differences were found,
ann-Whitney U tests and paired t tests were used to identify
here they lay, and then the effect size ([meantreatment �
eancontrol]/ SD), percentage change, and numbers needed to

reat were calculated.

RESULTS
When the patients walked with each of the devices, and all

he devices combined, there was a significant improvement in

unctional mobility compared with walking with no device

http://www.ossur.com
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477WALKING DEVICES DURING STROKE REHABILITATION, Tyson
P�.000). The Mann-Whitney tests showed significant im-
rovements in FAC with all the devices compared with the
ontrol (table 1). The effect size was very high for the walking
ane, AFO, and combined devices (effect size�1.04–1.68) and
as moderate for the slider shoe (effect size�0.52). The num-
ers needed to treat ranged from 2 (for the walking cane and for
ll devices) to 5 (for the slider shoe). The walking impairments
howed no significant differences with any of the devices
ompared with the control. For walking speed, the P value was
.935 and for step length of the weak leg, it was 0.998. Mean
nd SD values are shown in table 2.

The participants’ responses to questions about the effects of
he assistive devices are shown in table 3. They were generally
ositive about the devices; few felt that any of the devices had
negative effect. Although they tended to be less positive

bout the slider shoe than the walking cane or AFO, there were
o differences in the participants’ opinions about the effects of
he devices on their gait except for the effect on safety while
alking, in which the slider shoe scored less well than the other
evices.
The participants’ responses to questions about the devices

re shown in table 4. They found the devices comfortable, and
ost did not find the appearance of the devices off-putting. Of

hose who did, only 2 (10% of the whole group) felt that the
ppearance would stop them from using the device. When
sked whether they would prefer a wooden or metal walking
ane, 8 (40%) chose a wooden one, 11 (55%) chose a metal
ne, and 1 did not have a preference. When asked whether they
ould choose any of the aids to use on a regular basis, 19

95%) answered yes, 7 (35%) would choose a cane, 6 (30%)
ould choose a cane and an AFO combined, 2 (10%) would

hoose an AFO, 1 (5%) would choose a slider shoe, 1 (5%)
ould choose a slider shoe and a walking cane combined, and
(15%) did not have a preference. When asked whether

articipants would rather walk now using an assistive device or
elay walking and learn to walk with a normative gait pattern
ithout a device, 14 (70%) chose to walk immediately with an

Table 1: The Median (IQR) Values for the Functional Ambulation
Categories Under Each Walking Condition and the P Values,

Effect Sizes, and Numbers Needed to Treat for Comparison With
Walking With No Device

Median
(IQR)

Comparison With
Walking With No

Aid (P Value)
Effect Size

(% Change)
NNT

(95% CI)

No device
(control) 1 (1–1)

Walking cane 2 (2–2) .0001 1.68 (64) 2 (1.1–1.6)
AFO 2 (1–2) .0001 1.04 (44) 3 (1.7–3.7)
Slider shoe 1 (1–2) .005 0.52 (18) 5 (3–1, 13.2)
All devices 2 (2–2) .0001 1.65 (68) 2 (1.1–1.6)

bbreviations: IQR, interquartile range; NNT, number needed to
reat.

Table 2: The Mean (SD) Values for Walking Impairments Under
Each Experimental Condition

Speed (m/s) Weak Step Length (m)

No device (control) 0.3 (0.14) 0.53 (0.16)
Walking cane 0.28 (0.15) 0.51 (0.17)
AFO 0.30 (0.12) 0.53 (0.15)
Slider shoe 0.31 (0.13) 0.52 (0.16)

All devices 0.29 (0.14) 0.52 (0.18)
ssistive device, and only 3 (15%) would rather delay walking
ntil they could walk without a device. One participant could
ot make a choice, and 2 did not answer.

DISCUSSION
The results of this study show that using assistive devices

an produce an immediate improvement in functional mobility
n nonambulant people with stroke but does not affect walking
mpairments; the long-term effects of using an assistive device
n everyday life have not been investigated. The numbers
eeded to treat indicate that 1 in 2 patients will show an
mprovement in their functional mobility when they use a
alking cane or all 3 devices combined. There have been only
previous studies assessing the effects of assistive walking

Table 3: Participants’ Responses to the Questionnaire About the
Effect of an Assistive Device on Their Gait; They Were Asked,

“Did the Device Change Your...”

Better %
(n/N)

The Same
% (n/N)

Worse %
(n/N)

Ability to take weight on your
weak leg (P�.012)

Cane 65 (13/20) 35 (7/20) 0 (0)
AFO 45 (9/20) 40 (8/20) 15 (3/20)
Slider shoe 10 (2/20) 80 (16/20) 10 (2/20)
All 3 devices 55 (11/20) 30 (6/20) 5 (1/20)

Ability to move your weak leg
forward (P�.332)

Cane 45 (9/20) 50 (10/20) 5 (1/20)
AFO 40 (8/20) 35 (7/20) 25 (5/20)
Slider shoe 30 (6/20) 60 (12/20) 10 (2/20)
All 3 devices 55 (11/20) 40 (8/20) 5 (1/20)

Confidence when walking
(P�.058)

Cane 55 (11/20) 35 (7/20) 10 (2/20)
AFO 55 (11/20) 30 (6/20) 15 (3/20)
Slider shoe 5 (1/20) 80 (16/20) 15 (3/20)
All 3 devices 50 (10/20) 45 (9/20) 5 (1/20)

Safety when walking (P�.008)
Cane 50 (10/20) 40 (8/20) 10 (2/20)
AFO 40 (8/20) 45 (9/20) 15 (3/20)
Slider shoe 5 (1/20) 80 (16/20) 15 (3/20)
All 3 devices 55 (11/20) 40 (8/20) 5 (1/20)

Walking style (limp) (P�.627)
Cane 45 (9/20) 35 (7/20) 20 (4/20)
AFO 40 (8/20) 30 (6/20) 30 (6/20)
Slider shoe 20 (4/20) 60 (12/20) 20 (4/20)
All 3 devices 25 (5/20) 60 (12/20) 15 (3/20)

Table 4: Participants’ Responding Yes to Questions About the
Assistive Devices

Cane % (n/N) AFO % (n/N)
Slider Shoe %

(n/N)

Was the device
comfortable?
(P�.165) 85 (17/20) 85 (17/20) 100 (20/20)

Was the appearance
off-putting?
(P�.529) 20 (4/20) 15 (3/20) 20 (5/20)

If yes, would it stop 10% of whole 10% of whole 10% of whole

you using it? group (2/4) group (2/4) group (2/4)

Arch Phys Med Rehabil Vol 90, March 2009
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A

evices on functional mobility,15,16 both of which studied
FOs and also showed a significant benefit when using the
FO, but neither reported the effect sizes nor numbers needed

o treat. To the authors’ knowledge, no previous studies have
ssessed the effect of a walking cane, slider shoe, or combina-
ion of assistive walking devices on functional mobility.

The results of this study also show that participants’ imme-
iate responses to the assistive walking devices were positive;
hey felt they improved their walking, confidence, and safety.
he appearance did not put them off using the devices; they

ound them comfortable and would like to use them in every-
ay life. They would also rather start to walk with the devices
han delay walking until they can walk with a normative gait
attern without them. They tended to be more positive about
he walking cane and AFO than the slider shoe, but the only
ignificant difference was in the perceived effect on their safety
hile walking, in which the slider shoe scored less well than

he walking cane and AFO. To the authors’ knowledge, this is
he first study that has reported users’ opinions of a walking
ane and slider shoe, so comparisons cannot be made. There
ave been 3 studies that considered the participants’ opinions
f AFOs,15,16,20 and the results of the present study are com-
arable to these. Hesse et al20 reported participants’ subjective
mpression of a metal Valens AFO that had been worn for less
han a week by patients undergoing rehabilitation; participants
ll felt they walked better with the AFO than without; 5 (25%)
ound it unpleasantly heavy, and 2 (20%) had reservations
bout the appearance. de Wit et al16 asked participants to use
-point Likert scales to rate the effect of an off-the-shelf plastic
FO (which had been worn daily for at least 6 months) on

elf-confidence and the difficulty to perform functional tasks
walking, standing up, sitting down, and stairs). They found
5% reported less difficulty and 70% reported greater self-
onfidence, differences that were considered clinically signif-
cant. Tyson and Thornton15 used an earlier version of the
uestionnaire used in the present study to explore opinions of
custom-made hinged AFO used for at least a week by patients
ndergoing rehabilitation. As in the present study, patients felt
he AFO improved their walking, reservations about the ap-
earance were outweighed by the benefits found, and they
ould rather walk sooner with the devices than delay func-

ional walking until they could walk without them.
The results of the present study have important clinical

mplications. They refute the belief held by many physiother-
pists that patients with stroke do not want to use assistive
evices and that their priority is to obtain a normative-looking
ait without aids, rather than to regain functional mobility even
n an adapted fashion.11 They also support previous studies
howing assistive devices can improve mobility when used
uring rehabilitation.23-25,32,33 This suggests that assistive de-
ices should be considered to enable patients with stroke to
obilize as soon as they are safely able to do so during stroke

ehabilitation, rather than attempting to restore walking without
evices as an initial and primary goal and using assistive
evices only as a last resort.

tudy Limitations
Although the results of the present study are encouraging,

hey are limited to the immediate effects on walking activity.
aving established that assistive devices can have a beneficial

ffect, a phase II pragmatic trial of the long-term effectiveness
f using assistive devices to promote early mobilization is
eeded. This will establish whether the effects on mobility and
atients’ views seen in this study are maintained once they are
sed in everyday life and the initial novelty has abated. If using

ssistive devices can enable patients to mobilize in everyday p

rch Phys Med Rehabil Vol 90, March 2009
ife on the ward earlier than is current practice, then there is
otential to reduce the length of stay with considerable cost
avings. Such a study would also need to investigate adverse
vents such as pain, falls, or an increase in spasticity and
dherence to usage of the devices. The long-term effects on
obility, patients’ satisfaction, mood and well being, and an

conomic evaluation should also be considered.
The lack of effect on walking impairments contrasts with

revious studies that have shown improved walking speed and
tep length of the weak leg in patients undergoing rehabilita-
ion.15,19-21 There has been only 1 previous publication inves-
igating the effects of a slider shoe,23 a single case design of 4
atients undergoing rehabilitation, all of whom showed im-
rovements in walking speed while using the slider shoe.
revious studies of the effects of walking aids have focused on

he effects on gait kinematics, muscle activity, and bal-
nce.24,25,32-38 The results have been mixed, but improvements
n walking speed, step length, and muscle activity have been
eported.24,32,33 The present study involves a similar participant
roup, outcome measures, and study design to these previous
tudies, but we think a crucial difference, which could explain
he contrasting results, was the familiarization period when the
atients used the assistive devices before testing. The need to
void the confounding effects of rehabilitation or spontaneous
ecovery, which would have occurred if a longitudinal design
ad been used, meant that the devices needed to be fitted and
ested within 1 day. As a consequence, the participants had
nly a short time to become familiar with the devices and to
dapt their walking pattern. Because the participants’ walking
as severely impaired and therefore energy demanding, their

apacity to practice before testing was limited. This was not an
nreasonable strategy because previous studies have involved a
inimal familiarization period but found positive re-

ults.16,18,23-25 However, they involved more able patients,
ostly with chronic stroke, and tested only 1 device at a time.
ore able patients and those with chronic stroke may have

een more able to adapt their gait pattern within a short period.
articipants in previous studies of patients undergoing rehabil-

tation15,19-21 (all investigated AFOs) wore their AFO in day-
o-day life for at least a week before testing. This may have
een a better design; however, it would have required the
reating physiotherapists to agree to let their patients wear and
se assistive devices. Because the treating physiotherapists in
he present study did not normally prescribe assistive devices
or their rehabilitation patients and some were hostile to the
dea, this had been rejected while planning the study. We felt
t would prejudice recruitment rates. In hindsight we do not feel
he patients had enough practice to adapt their walking pattern
hen using the devices, particularly because the inability to

dapt to changing conditions is a feature of unskilled move-
ent. Future studies should include an adequate familiarization

eriod when the device is worn in everyday life before testing.
related explanation for the lack of effect on walking impair-
ents is that the sample size was inadequate for the high

nterindividual and intraindividual variability found in the re-
ruited participants. Our sample size calculation was based on
previous study into the effects of an AFO during rehabilita-

ion involving similar participants and design undertaken by
he authors,15 but the participants in the earlier study used the
FO in daily life for at least a week before testing. They were

lso younger and had a hemiplegia of longer duration, which
ay also have made them more able to adapt their walking

attern. In hindsight, our lack of appreciation of the importance
f a familiarization period meant the present study was under-
owered. Future studies in which a familiarization period is not

ossible would need a much larger sample size.
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CONCLUSIONS
Assistive walking devices can, in the short-term, improve

alking activity in nonambulant patients with stroke who are
ndergoing rehabilitation. No significant effects on walking
mpairments were found. Participants were generally positive
bout using the devices. They felt they improved their walking,
onfidence, and safety. The appearance did not put them off;
hey found them comfortable and would like to use them in
veryday life. They would also rather start to walk with the
evices than delay walking until a normative gait pattern is
chieved without them. These results support the use of assis-
ive walking devices to enable early mobilization after stroke.
hey indicate that 2 patients would need to be treated using a
alking cane or combined walking devices for 1 person to

mprove functional mobility.
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