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ecreased Energy Cost and Improved Gait Pattern Using a
ew Orthosis in Persons With Long-Term Stroke
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ABSTRACT. Thijssen DH, Paulus R, van Uden CJ, Kooloos
G, Hopman MT. Decreased energy cost and improved gait
attern using a new orthosis in persons with long-term stroke.
rch Phys Med Rehabil 2007;88:181-6.

Objective: To measure energy cost and gait analysis in
ersons with stroke with and without a newly developed
rthosis.

Design: Immediate and long-term (3wk) intervention (be-
ore-after trial).

Setting: University medical center.
Participants: Volunteer sample of 27 persons with long-

erm (range, 0.6–19y) hemiparetic stroke.
Intervention: Three-week familiarization to the new walk-

ng aid.
Main Outcome Measures: Energy cost (per distance

alked), preferred walking speed (PWS), and step length.
nergy cost was examined in all subjects while walking on
treadmill at 3 different velocities (PWS, PWS�30%,

WS�30%) during 3 different situations (without orthosis,
ith orthosis, after 3-wk orthosis familiarization). Spatiotem-
oral aspects of the gait pattern were examined using a 6-m
nstrumented walkway system.

Results: Using the orthosis immediately decreased energy
ost in persons with stroke during walking at the PWS
P�.001) and significantly increased walking speed (P�.005)
nd step length (P�.001). After 3 weeks of familiarization to
he orthosis, energy cost at the PWS and at PWS�30% showed
urther improvement in energy cost (P�.05).

Conclusions: The newly developed orthosis immediately
ecreases energy cost and improves walking speed and step
ength in persons with long-term stroke. After only 3 weeks
f orthosis familiarization, energy cost shows additional
mprovement.

Key Words: Energy metabolism; Gait; Orthotic devices;
ehabilitation; Stroke.
© 2007 by the American Congress of Rehabilitation Medi-

ine and the American Academy of Physical Medicine and
ehabilitation

TROKE IS A MAJOR CAUSE of death and disability,
leading to about 5 million people who die each year from

troke worldwide, while yearly 10 million people survive a
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500 HB Nijmegen, The Netherlands, e-mail: M.Hopman@fysiol.umcn.nl.
s
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doi:10.1016/j.apmr.2006.11.014
troke.1 These stroke survivors are often left with persistent
eurologic deficits2 that affect functional abilities, of which
mpaired gait is a central feature. Gait performance in persons
ith stroke is typically characterized by the spatiotemporal

symmetry between both sides, decreased walking speed, and
roblems with trunk-limb, interlimb, and intralimb coordina-
ion.3-6 These characteristics may eventually lead to a higher
nergy cost during walking in persons with stroke. The lower
alking speed with higher energy costs predisposes stroke

urvivors to a sedentary life, which limits activities of daily
iving and impairs cardiovascular function.7 Improvement of the
mpaired gait pattern is therefore important in rehabilitation.

Gait training is a central goal of early rehabilitation.3 In the
hronic phase, however, persons with stroke demonstrate less
enefit from a given amount of gait training compared with the
arly phase.8 An ankle-foot orthosis (AFO) can be applied to
artially correct the gait pattern,3 possibly decrease energy
ost,3,9 and increase walking speed10,11 in persons with
ong-term stroke. However, these results are not universal12

nd seem to depend on the composition of the orthosis.11 In
ddition, a shortcoming of the AFO is its effect at only 1 joint,
hile commonly the whole limb is affected by stroke.
In light of these limitations, a new orthosisa has been devel-

ped (fig 1). This orthosis is intended to correct the gait pattern
hrough the aid of elastic straps that guide the major joints of
he affected limb, that is, hip, knee, and ankle. Therefore, the
im of this study was to examine the effect of this new orthosis
n the energy cost and gait pattern in a heterogeneous group of
ong-term hemiparetic stroke survivors. We extended our
nowledge about the potential effect of this orthosis, by mea-
uring the persons with stroke after a 3-week orthosis famil-
arization period. We hypothesize that this orthosis will de-
rease energy cost and increase walking speed in persons with
ong-term stroke, after 3 weeks of familiarization.

METHODS

articipants
Twenty-seven chronic hemiparetic persons with stroke (time

ince stroke, 7–228mo) participated in the study. We selected
hese subjects from a larger population that responded to an
dvertisement in a newspaper. The persons with stroke were
ncluded in the study if they were able to walk 5 minutes or
ore, their time since stroke was 6 months or more, and they
ere free of overt neurologic (other than stroke) and/or ortho-
edic pathology that may influence the gait pattern. The Func-
ional Ambulation Category (FAC) was used to provide a gross
lassification of the walking handicap13 (table 1). Prior to
esting, all subjects gave their written informed consent. The
esearch has been carried out in accordance with the Declara-
ion of Helsinki and the medical ethics committee of the
adboud University Nijmegen Medical Centre approved the
tudy.

Arch Phys Med Rehabil Vol 88, February 2007
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A

esign
We measured the spatiotemporal aspects of the gait pattern

n a walking system in a situation with and without the orthosis
fig 2). Energy cost was examined with and without the ortho-
is at 3 different walking speeds on a motor-driven treadmill
preferred walking speed [PWS] and 30% above [PWS�30%]
nd below [PWS�30%] this predetermined walking speed). To
revent influence of fatigue during the testing procedure, the
equence of the experiments (with and without the orthosis)
as randomized. The procedure was repeated after 3 weeks of

amiliarization. This period was required for the participants to
et used to walking with the orthosis.

rotocol
After completing the health questionnaires, subjects were

andomized to determine whether the first procedure was per-
ormed with or without the orthosis (alternately based on
ntrance). We hypothesized that the working mechanism of the
rthosis is based on the tension of the elastic straps. An
xperienced researcher applied the amount of tension on the
traps. A simple functional test was used to examine whether
ufficient tension was applied. The foot of the affected leg was
laced 10cm behind the nonaffected foot (measured from the

ig 1. (A) The front and (B) back of the orthosisa as used in this
tudy.

Table 1: Subject Characteristics for the Persons With Stroke,
Subdivided Based on the FAC

Characteristics
Overall
(N�27)

FAC 3
(n�4)

FAC 4
(n�10)

FAC 5
(n�13)

Men/women 15/12 2/2 4/6 9/4
Age (y) 60�13 61�19 60�9 59�12
Weight (kg) 80�13 81�8 79�15 81�13
Height (cm) 172�9 173�5 168�10 174�7
Left side affected 15 2 7 6
Time since stroke (y) 4.9�4.8 2.8�2.3 4.9�5.9 5.5�4.2
Use of AFO 18 4 6 8
Use of cane/stick

during walking 23 4 10 9
Orthopedic footwear 14 4 6 4
Randomization (start

with orthosis) 13 2 4 7
pOTE. Values are mean � standard deviation (SD).

rch Phys Med Rehabil Vol 88, February 2007
eel of the unaffected leg to the toes of the affected leg).
ubsequently, when body weight was shifted toward the
onaffected side, the affected leg should automatically
wing forward. The procedure started with assessment of the
patiotemporal aspects of the gait pattern using a specially
eveloped walking mat with integrated sensitive sensors.
his mat was positioned to allow the subjects to begin
alking 2m before the mat and to continue walking 2m past

he end of the mat without slowing. Each subject was
nstructed to walk at a self-selected preferred walking speed.
ata were collected for 5 consecutive trials.14 A researcher

ccompanied the persons with stroke (without verbal or phys-
cal assistance) for safety reasons. After completing the fifth
rial, the subjects had a 5-minute seated rest before the proce-
ure was repeated.14

The procedure was continued by assessment of the energy
ost during walking. First, the PWS with and without the
rthosis was determined on the motor-driven treadmill, while
ubjects were blinded for the walking speed. Subsequently, we
nstrumented the subjects to examine energy cost during walk-
ng. The experimental procedure started with a 5-minute seated
est, followed by a 5-minute period at the PWS3,9 (see fig 2).
ext, the subjects had a 10-minute seated rest before the next

rial started, which consisted of a 5-minute period at 30%
elow the PWS. The third trial (30% above the PWS) started
fter 10-minute seated rest. Due to safety reasons, all persons
ith stroke kept contact with the handlebar in front of them
uring walking, but did not use the handlebar for body weight
upport. In addition, subjects were connected to a safety brake
hat would be activated when the subjects could not maintain
heir walking speed. After 45 minutes of seated rest, this

5-min rest
Repeat procedure

Stroke survivors (N=27)

45-min rest

Repeat procedure

G
ai

t

Randomization 

E
n

er
g

y 
co

st
 

5-min seated rest

5-min PWS

10-min seated rest

10-min seated rest

5-min PWS-30%

5-min PSW+30%

5 series

ig 2. Experimental protocol. Before the experiment, randomiza-
ion determined the order of the protocol (first trial with or without
rthosis). First, the spatiotemporal aspects of the gait were exam-

ned. Subsequently, energy cost was determined at: (1) the pre-
erred walking speed (PWS), (2) 30% below the PWS (PWS�30), and
3) 30% above the PWS (PWS�30).
rocedure was repeated.
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easurements
Energy cost. To examine energy cost, subjects walked on

motor-driven 1.2�3.1m long treadmill,b while oxygen uptake
as measured continuously using a gas analyzer.c A face mask
as placed over the mouth and nose, which allows normal
reathing. Inspired and expired air goes into a turbine flow-
eter for continuous registration of the inspired and expired

olumes. In addition, a fast-response paramagnetic and in-
rared analyzer measured end-tidal partial pressures of oxygen
nd carbon dioxide, respectively.15 Oxygen uptake was moni-
ored during the whole procedure, and averaged over 30-second
ntervals. This technique is demonstrated to be valid and has an
xcellent reproducibility to examine oxygen uptake.16

Gait pattern. We examined spatiotemporal parameters of
he gait pattern using a walkway system.d The walkway system
s a 6-m long carpet with an active sensor area of 488�61cm.
he active area has a spatial resolution of 1.27cm and a
ampling frequency between 32.2 and 38.4Hz.14 In the present
tudy, we evaluated walking speed (in m/s), cadence (in steps/
in), step length (in centimeters), swing phase (in percent),

nd stance phase (in percent) of the affected and nonaffected
ide. These spatiotemporal gait parameters were demonstrated
o have a good to excellent test-retest reliability.14

ata Analysis
Energy cost. We calculated energy cost at a given walking

peed as a 1-minute plateau in oxygen uptake during the last
inute of the interval.17 The energy cost per distance walked

in mLO2/m) was calculated as oxygen uptake (during the last
inute) divided by the distance walked in the last minute.
Gait pattern. Footsteps that did not fall entirely on the
alkway were deleted. Mean values for each gait parameter
ere calculated using the first 10 complete steps derived from

he 5 trials.14

tatistical Analysis
We performed statistical analyses using SPSS.e According to

he Kolmogorov-Smirnoff test for normality, all parameters

Table 2: The Direct Effect of the Orthosis on Walking Speed,
Oxygen Cost, and Spatiotemporal Aspects of the Gait Pattern in

Persons With Long-Term Hemiparetic Stroke

Day 1 (N�27)

Variables Baseline Orthosis

Walking speed (m/min) 23.7�12.7 26.0�14.0*
Oxygen cost

PWS (mLO2/m) 46�25 42�21*
PWS�30% (mLO2/m) 54�28 53�26
PWS�30% (mLO2/m) 41�21 40�20

Spatiotemporal aspects
Cadence (steps/min) 74�19 77�17
Step length (A side), cm 41�13 44�13*
Step length (NA side), cm 37�16 40�15*
Swing phase (A side), % 32�8 35�6*
Swing phase (NA side), % 23�9 24�7*
Stance phase (A side), % 68�8 65�6*
Stance phase (NA side), % 77�9 76�7*
Double support (A side), % 45�15 41�12*
Double support (NA side), % 45�15 51�12*

OTE. Values are mean � SD. Oxygen cost is determined at the
referred walking speed and 30% above and below this walking
peed. Spatiotemporal aspects were examined in the affected (A)
f
nd nonaffected (NA) side.
P�.05 vs baseline (day 1).
ere normally distributed. To examine the direct effect of the
rthosis, a Student paired t test was used to examine the direct
baseline vs orthosis day 1) effect of the orthosis for all pa-
ameters and after 3 weeks of familiarization (baseline day 1 vs
rthosis day 21). Goodman-Kruskal � (for an ordinal and an
nterval or ratio variable) and Pearson correlation (for interval
r ratio variables) were used to examine relations between
arameters. Data are presented as mean � standard deviation
SD). The level of statistical significance was set at � less than
r equal to .05.

RESULTS

irect Effects
Energy cost. On the treadmill, the orthosis significantly

ncreased the PWS (table 2). The orthosis significantly de-
reased energy cost at the PWS, while no change in energy cost
as found when the subject walked 30% lower or higher than

he PWS (see table 2).
Gait pattern. Use of the orthosis increased step length, and

wing phase on the affected and nonaffected side (see table 2).
significant reduction of the double-support and stance phase

as present when the orthosis was used (see table 2). Cadence
id not change (see table 2).

hree-Week Familiarization
Eight stroke survivors did not complete the familiarization

eriod (hospitalization [n�2], burn wounds [n�1], time man-
gement [n�1], not able to independently use the orthosis
n�4]). During familiarization, persons with stroke (n�19)
sed the orthosis 33�3h/wk and walked 9�1h/wk.
Energy cost. After familiarization, the PWS did not in-

rease any further (fig 3). Energy cost at the PWS, however,
howed an additional decrease after 3 weeks of familiarization.
n addition, a significantly lower energy cost was also present
t the PWS�30%. No changes in energy cost were found at the
WS�30% (see fig 3).
Gait pattern. Step length (affected side, P�.09; nonaf-

ected side, P�.10) and swing phase (affected side, P�.10)
ended to increase, while the stance phase (affected side, P�.10)
ended to decrease. The other parameters showed a significant
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ig 3. Oxygen cost at the preferred walking speed and 30% below
nd above the preferred walking speed in persons with long-term
emiparetic stroke (n�19). Each subject performed these walking
peeds without the orthosis (baseline [day 1]) and with the orthosis
n day 1 (orthosis [day 1]) and after 3 weeks familiarization (ortho-
is [day 21]). Values are mean � standard error of the mean (SEM).
P<.05 vs baseline (day 1); †P<.05 vs orthosis (day 1).
urther change after 3 weeks of familiarization (table 3).
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A

orrelations
A significant inverse correlation was demonstrated between

he FAC score and improvement in energy cost when the
ubject used the orthosis on day 1 (r�.37, P�.02) and after 3
eeks of familiarization (fig 4). In addition, the preferred
alking speed correlated inversely with a change in oxygen
ptake with the use of the orthosis on day 1 (r��.46, P�.016)
nd after 3 weeks (r��.70, P�.001). The relative increase in
alking speed with the orthosis correlated with the decrease in
xygen uptake during walking on day 1 (r��.47, P�.01) and
fter 3 weeks (r��.61, P�.005).

DISCUSSION
In the present study we examined the effect of a new orthosis

n energy cost and gait pattern in long-term hemiparetic stroke
urvivors. We showed that the use of the new orthosis resulted
n an immediate increase in preferred walking speed and step
ength and a decrease in energy cost during walking. Three
eeks of orthosis familiarization further decreased oxygen cost
uring walking. Thus, our results show marked beneficial am-
ulatory effects of this new orthosis in a heterogeneous group
f chronic hemiparetic stroke survivors.

irect Effect
Immediately when first using the orthosis, persons with

troke showed a significantly lower energy cost of 10% at the
elf-preferred walking speed with the orthosis. This improve-
ent is comparable with previous studies examining the effect of

n AFO.3,9 An important difference is that these studies exam-
ned persons with stroke after at least 4 months of rehabilitation
sing the AFO. To the best of our knowledge, no studies have
xamined the immediate effects of an AFO in persons with
troke.

Gait analyses demonstrated that stroke survivors in our study
ad a larger step length with orthosis, while the cadence was
nchanged. Consequently, persons with stroke demonstrated a
igher walking speed. The magnitude of the immediate in-
rease in walking speed using the orthosis is consistent with the
mprovement in speed reported after long-term habituation to
he AFO,3,9 although others report no change in walking speed
ith the AFO.11 In addition, our results also demonstrate a

Table 3: The Direct and Long-Term (3-week familiarization) Effect
of the Orthosis on Spatiotemporal Aspects of the Gait Pattern in
Persons With Long-Term Hemiparetic Stroke on the Affected and

Nonaffected Side

Aspects

Day 1 (n�19) Day 21 (n�19)

Baseline Orthosis Orthosis

Walking speed (m/min) 24.7�13.7 27.6�14.3* 28.7�13.8*
Cadence (steps/min) 75�19 75�17 77�17
Step length (A side), cm 41�14 44�14* 47�12*
Step length (NA side), cm 39�17 42�16* 44�14*
Swing phase (A side), % 31�8 34�6* 35�5*
Swing phase (NA side), % 23�9 24�8* 26�6*†

Stance phase (A side), % 69�8 66�6* 65�5*
Stance phase (NA side), % 77�9 76�8* 74�6*†

Double support (A side), % 45�15 42�12* 39�9*†

Double support
(NA side), %

47�16 42�12* 39�10*†

OTE. Values are mean � SD.
P�.05 vs baseline (day 1).
P�.05 vs orthosis (day 1).
onger swing phase and shorter stance phase of the affected and
t
w

rch Phys Med Rehabil Vol 88, February 2007
onaffected side with the use of the orthosis. Because the increase
n duration of the swing phase on the affected side is similar to the
ncrease on the nonaffected side, using the orthosis does not lead
o a more symmetrical gait pattern. Nevertheless, the orthosis
eads to a lower energy cost during walking.

When subjects were required to walk at a nonpreferred speed
�30% or �30%), the benefit of the orthosis to decrease
xygen cost that was present at the preferred walking speed
isappeared. In physiologic and abnormal gait, the self-selected
referred walking speed is tightly regulated to minimize oxy-
en cost and walk efficiently.18 Forcing subjects to walk at a
ifferent speed will lead to a different gait pattern that dimin-
shes the benefits in energy cost. This suggests that, at least in
he initial phase, the orthosis only provides benefit at the
elf-selected walking speed.

hree-Week Familiarization
In addition to the immediate effect of the orthosis, 3 weeks

f familiarization to the orthosis further lowered the energy
ost at the preferred walking speed (up to 18%). Also,
nergy cost at the PWS�30% was decreased. This decrease
n oxygen cost after 3 weeks familiarization is comparable
ith a previous study that examined the effects of an AFO

fter 6 months rehabilitation.3 Based on the short period of
amiliarization and the lack of training or rehabilitation in the
resent study, one may hypothesize that even larger improve-
ents in energy cost and gait pattern could be achieved by

sing the new orthosis. Thus, the present results emphasize the
otential ambulatory benefits of the new orthosis.
Energy cost was not changed at the PWS�30%, while

nergy cost at the PWS�30% was significantly lower with
rthosis after familiarization. The lack of significant changes at
he lower speed may relate to the difference in step length. We
ypothesize that the orthosis has effect only when there is a
ufficient step length. A prerequisite for the orthosis to be
ffective is that the unaffected leg must be positioned far
nough in front of the affected leg. Consequently, this leads to
ension on the elastic straps of the orthosis, which guides the
ffected leg during the swing phase. Differences in walking
peed are normally regulated through changing step length
ather than the cadence. The diminished step length during the
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ower walking speed, therefore, leads to an insufficient tension
n the elastic straps. This may underlie the lack of changes in
nergy cost at the lower walking speed.

Although no further improvement was found in the preferred
alking speeds after 3 weeks of orthosis familiarization, en-

rgy cost reduced. A potential factor that could explain this
hange is the effect of training. However, one also expects the
alking speed to change when observing a true training effect.
or this reason, a training effect is an unlikely explanation
f the further decrease in energy expenditure. We hypothe-
ize that familiarization to the orthosis and an improvement
n the tension of the straps (ie, adjustment of the whole ortho-
is) is the main cause for the reduced energy cost. The tension
n the elastic straps is self-adjustable and participants were free
o change the tension. This may have resulted in a more
fficient way of walking.

A significant negative correlation is demonstrated between
he FAC score and improvement in energy cost. This indicates
hat the persons with stroke with a lower FAC score (ie, more
alking disability) have a larger benefit in energy cost using

he orthosis. This is supported by the finding of a negative
orrelation between the preferred walking speed (which is
ightly correlated with the FAC score) and the improvement in
nergy cost. This indicates that the persons with stroke with the
owest walking speed (and lowest FAC score) experience the
argest benefit of the orthosis. Important to notice, however, is
hat subjects with a relatively high walking speed also can
enefit from the orthosis.

linical Relevance
Due to the hemiparetic gait, stroke survivors develop a lower

hysical fitness. This new orthosis enables subjects to improve
heir gait and mobility. In the long term, this could increase
hysical fitness and the quality of life of persons with stroke.
ince physical inactivity is an important cardiovascular risk
actor,19 improvement of physical fitness may have a cardio-
rotective effect. In addition, 3 important advantages of the
rthosis over the conventional AFO are present. First, an im-
ediate effect is present using the new orthosis (without train-

ng or habituation). Second, the further improvement of gait
attern and energy cost after 3 weeks familiarization, while
evices require prolonged periods (�4mo) and/or intensive
ehabilitation,3,9-12 may suggest a large potential of the new
rthosis. Third, no extensive gait training is needed to induce a
linically relevant improvement in gait pattern.

tudy Limitations
A relatively large sample of the initial population did not

omplete the familiarization period. In addition to unforeseen
roblems (illness, hospitalization, burn wounds), the major
eason for the dropout was that subjects were dependent on
thers to help put on the orthosis. We performed subanalysis of
hese persons with stroke that did not complete the familiar-
zation period. At baseline, walking speed and oxygen uptake
n these persons (1.5�0.8km/h and 45.7�23.6mLO2/min, re-
pectively) did not differ from the persons with stroke that
nished the familiarization period (t test, P�.53; 1.3�0.8km/h;
test, P�.96; 46.3�30.6mLO2/min, respectively). Despite the
mall population of dropouts (n�8), they had during the base-
ine measurements a significantly higher walking speed using
he orthosis (P�.01) and demonstrated a lower energy cost at
he preferred walking speed (P�.03). The dropout is, therefore,
nlikely related to a lack of physiologic efficiency of the

rthosis (energy cost or walking speed). However, assistance 1
nd/or supervision may be necessary for some chronic stroke
urvivors to benefit from the new orthosis.

CONCLUSIONS
The new orthosis immediately decreases energy cost and

mproves walking speed and step length in persons with stroke.
fter only 3 weeks of familiarization to the orthosis (without

ehabilitation or gait training), energy cost and gait pattern are
urther improved. This suggests a high potential for this new
rthosis to improve gait and decrease energy cost in long-term
emiparetic stroke survivors.

Acknowledgments: We thank Mark Massa for his excellent tech-
ical assistance during the experiments and during analysis. In addi-
ion, we thank Bregina Kersten, Jos Evers, and Stijn Kregting for their
nthusiastic assistance during the experiments. We also thank Patricia
e Groot for critically reading the manuscript.

References
1. World Health Organization. Global burden of stroke. 2006.

Available at: http://www.who.int/cardiovascular_diseases/en/
cvd_atlas_15_burden_stroke.pdf. Accessed November 5, 2006.

2. Michael KM, Allen JK, Macko RF. Reduced ambulatory activity
after stroke: the role of balance, gait, and cardiovascular fitness.
Arch Phys Med Rehabil 2005;86:1552-6.

3. Danielsson A, Sunnerhagen KS. Energy expenditure in stroke
subjects walking with a carbon composite ankle foot orthosis.
J Rehabil Med 2004;36:165-8.

4. Hsu AL, Tang PF, Jan MH. Analysis of impairments influencing
gait velocity and asymmetry of hemiplegic patients after mild to
moderate stroke. Arch Phys Med Rehabil 2003;84:1185-93.

5. Zamparo P, Francescato MP, De Luca G, Lovati L, di Prampero
PE. The energy cost of level walking in patients with hemiplegia.
Scand J Med Sci Sports 1995;5:348-52.

6. Waters RL, Mulroy S. The energy expenditure of normal and
pathologic gait. Gait Posture 1999;9:207-31.

7. Ivey FM, Macko RF, Ryan AS, Hafer-Macko CE. Cardiovascular
health and fitness after stroke. Top Stroke Rehabil 2005;12:1-16.

8. Kwakkel G, van Peppen R, Wagenaar RC, et al. Effects of
augmented exercise therapy time after stroke: a meta-analysis.
Stroke 2004;35:2529-39.

9. Franceschini M, Massucci M, Ferrari L, Agosti M, Paroli C.
Effects of an ankle-foot orthosis on spatiotemporal parameters and
energy cost of hemiparetic gait. Clin Rehabil 2003;17:368-72.

0. Iwata M, Kondo I, Sato Y, Satoh K, Soma M, Tsushima E. An
ankle-foot orthosis with inhibitor bar: effect on hemiplegic gait.
Arch Phys Med Rehabil 2003;84:924-7.

1. Gok H, Kucukdeveci A, Altinkaynak H, Yavuzer G, Ergin S.
Effects of ankle-foot orthoses on hemiparetic gait. Clin Rehabil
2003;17:137-9.

2. Churchill AJ, Halligan PW, Wade DT. Relative contribution of
footwear to the efficacy of ankle-foot orthoses. Clin Rehabil
2003;17:553-7.

3. Holden MK, Gill KM, Magliozzi MR, Nathan J, Piehl-Baker L.
Clinical gait assessment in the neurologically impaired. Reliability
and meaningfulness. Phys Ther 1984;64:35-40.

4. van Uden CJ, Besser MP. Test-retest reliability of temporal and
spatial gait characteristics measured with an instrumented
walkway system (GAITRite). BMC Musculoskelet Disord
2004;5:13.

5. Thijssen DH, de Groot P, Kooijman M, Smits P, Hopman MT.
Sympathetic nervous system contributes to the age-related impair-
ment of flow-mediated dilation of the superficial femoral artery.
Am J Physiol Heart Circ Physiol 2006;291:H3122-9.
6. Carter J, Jeukendrup AE. Validity and reliability of three com-

Arch Phys Med Rehabil Vol 88, February 2007

http://www.who.int/cardiovascular_diseases/en/cvd_atlas_15_burden_stroke.pdf
http://www.who.int/cardiovascular_diseases/en/cvd_atlas_15_burden_stroke.pdf


1

1

1

a

b

c

d

e

186 LOWER ENERGY COST AND IMPROVED GAIT IN STROKE, Thijssen

A

mercially available breath-by-breath respiratory systems. Eur
J Appl Physiol 2002;86:435-41.

7. Maltais D, Bar-Or O, Galea V, Pierrynowski M. Use of orthoses
lowers the O2 cost of walking in children with spastic cerebral
palsy. Med Sci Sports Exerc 2001;33:320-5.

8. Abe D, Yanagawa K, Niihata S. Effects of load carriage, load
position, and walking speed on energy cost of walking. Appl
Ergon 2004;35:329-35.

9. Wannamethee SG, Shaper AG. Physical activity in the prevention
of cardiovascular disease: an epidemiological perspective. Sports

Med 2001;31:101-14.

rch Phys Med Rehabil Vol 88, February 2007
Suppliers
. CVAid; Somas, Postbus 41, 5845 ZG Sint Anthonis, The Nether-

lands.
. Motor-driven treadmill; Bonte BV, Ampèrestraat 25A, Zwolle,

8013 PT, The Netherlands.
. Oxycon alpha; Jaeger Benelux BV, Rembrandtlaan 1B, Bilthoven,

3723 BG, The Netherlands.
. GAITRite; SMS Technologies, Elizabeth House, Elizabeth Way,

Harlow, Essex, CM19 5TL, UK.
. Version 12.0; SPSS Inc, 233 S Wacker Dr, 11th FL, Chicago, IL
60606.


	Decreased Energy Cost and Improved Gait Pattern Using a New Orthosis in Persons With Long-Term Stroke
	METHODS
	Participants
	Design
	Protocol
	Measurements
	Energy cost
	Gait pattern

	Data Analysis
	Energy cost
	Gait pattern

	Statistical Analysis

	RESULTS
	Direct Effects
	Energy cost
	Gait pattern

	Three-Week Familiarization
	Energy cost
	Gait pattern

	Correlations

	DISCUSSION
	Direct Effect
	Three-Week Familiarization
	Clinical Relevance
	Study Limitations

	CONCLUSIONS
	Acknowledgments
	References
	Suppliers


