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Abstract

By comparing treadmill walking in hemiparetic and non-disabled individuals at matched speeds, Chen et al. [Chen G, Patten C, Kothari

DH, Zajac FE. Gait differences between individuals with post-stroke hemiparesis and non-disabled controls at matched speeds. Gait Posture

(2004)] identified gait deviations that were consistent with impaired swing initiation and single limb support in the paretic limb and related

compensatory strategies. Treadmill training with harness support is a promising, task-oriented approach to restoring locomotor function in

individuals with post-stroke hemiparesis. To provide a rationale for the proper selection of training parameters, we assessed the potential of

body weight support, treadmill speed, support stiffness, and handrail hold to improve the identified gait deviations associated with hemiparesis

during treadmill walking. In the six hemiparetic subjects studied, the adjustment of each training parameter was found to improve a specific set

of the gait deviations. With increased body weight support or the addition of handrail hold, percentage single limb support time on the paretic

limb increased and temporal symmetry improved. With increased treadmill speed, leg kinetic energy at toe-off in the paretic limb increased

but remained low relative to values in the non-paretic limb. With increased support stiffness, the exaggerated energy cost associated with

raising the trunk during pre-swing and swing of the paretic limb was improved. We conclude that the proper selection of training parameters

can improve the gait pattern practiced by individuals with hemiparesis during treadmill training and may improve treatment outcome.

# 2004 Published by Elsevier B.V.
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1. Introduction

After suffering a stroke, many individuals are left with

neurological and functional deficits, including hemiparesis,

which impair their ability to walk. Approximately, two-

thirds of acute hospitalized stroke patients cannot walk

independently [2]. Of those individuals who recover their

ability to walk, many are still disabled by slow walking

speed and limited endurance.

By comparing treadmill walking in hemiparetic and

non-disabled individuals at matched speeds, Chen et al.
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[1] identified gait deviations that were consistent with

impaired swing initiation and single limb support in the

paretic limb and related compensatory strategies. Leg

kinetic energy at toe-off in the paretic limb was reduced,

consistent with inadequate propulsion by the plantarflexors

or hip flexors during swing initiation. As a result, percen-

tage swing time was increased and peak knee flexion

during swing was reduced. Energy cost associated with

raising the trunk during pre-swing and swing of the paretic

limb was exaggerated, consistent with compensatory pel-

vic hiking to clear the paretic limb with reduced knee

flexion. Leg kinetic energy at toe-off in the non-paretic

limb was increased and percentage swing time reduced,

consistent with weakness or poor balance during single

limb support on the paretic limb. The improvement of these
GAIPOS 2021 1–6
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gait deviations may improve locomotor function in hemi-

paretic individuals.

Treadmill training with harness support is an effective,

task-oriented approach to restoring locomotor function in

individuals with post-stroke hemiparesis [3–5]. With the

assistance of the harness and treadmill, many hemiparetic

individuals are able to walk with more normal gait kine-

matics and EMG timing [6] and improved symmetry [6–8].

Manual assistance is typically provided by one or more

therapists to further guide the trunk and legs through a

normal gait trajectory. As individuals improve their loco-

motor ability, training parameters, such as body weight

support and treadmill speed, are usually adjusted; and

manual assistance, if provided, is reduced. The appropriate

selection of training parameters and use of manual assis-

tance is believed to be key to obtaining optimal therapeutic

results [9,10]. To provide a rationale for the proper selection

of training parameters, we assessed the potential of body

weight support, treadmill speed, support stiffness, and hand-

rail hold to reduce the identified gait deviations associated

with hemiparesis [1] during treadmill walking in a pilot

group of subjects.
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2. Methods

Subject characteristics and the experimental setup and

data analyses were presented in Chen et al. [1]. The subjects

wore a Medical Harness (Robertson Mountaineering, Hen-

derson, NV) attached to a custom-made support frame [11]

as they walked on a Rehabilitation Treadmill (Biodex

Medical Systems, Shirley, NY). Ten experimental condi-

tions (Table 1) corresponding to different selections of body

weight support, support stiffness, handrail hold, and tread-

mill speed were presented to the subjects in a randomized

order. The level of body weight support (20%, 35%, or 50%)

provided by the harness was set by changing the length of the

support cable with a winch at the bottom of the frame and
U
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CTable 1

Experimental treadmill conditions

Condition BWS

(% weight)

Speed

(% CTS)

Stiffness

(N/cm)

Handrail

Hold

1 (free) n/a 100 n/a None

2 20a 100 35.1 None

3 (default) 35 100 35.1 None

4 50a 100 35.1 None

5 35 70a 35.1 None

6 35 130a 35.1 None

7 35 100 11.7a None

8 35 100 Rigida None

9 n/a 100 n/a Yesa

10 35 100 35.1 Yesa

Condition 1 (free), free walking on the treadmill without harness support

and handrail hold. Condition 3 (default), default selection of BWS, speed,

stiffness, and handrail hold. BWS, body weight support; CTS, comfortable

treadmill speed; n/a, not applicable (harness support not provided).
a Variation in BWS, speed, stiffness, or handrail hold.
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measured by an ATI force-torque sensor (ATI Industrial

Automation, Apex, NC). Harness-support stiffness (11.7,

35.1 N/cm, or rigid) was adjusted by connecting music wire

springs (Century Spring Corporation, Los Angeles, CA; K =

35.1 N/cm) in series with the cable. Handrail hold was

provided using the subject’s non-paretic arm. Treadmill

speed was set to 70%, 100%, or 130% of the subject’s

comfortable treadmill speed (CTS) as determined during

single pre-sessions where the subjects were familiarized to

treadmill walking. The default settings of body weight

support (35%), treadmill speed (100% CTS), support stiff-

ness (35.1 N/cm), and handrail hold (none) were maintained,

while variations in each training parameter were tested

(Table 1). In addition, one condition of free treadmill

walking, without harness support and handrail hold, was

tested at the default speed (Table 1).

Differences between free and harness-supported tread-

mill walking at the default settings of body weight support

(35%) and support stiffness (35.1 N/cm) were tested using

the Wilcoxon signed-rank test. The influence of body weight

support, treadmill speed, support stiffness, and handrail hold

on each gait variable was tested on a multivariate basis using

Friedman’s method for randomized blocks. Significance was

set at P < 0.05 for all tests.
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R3. Results

Table 2 presents the group means for gait variables during

harness-supported and free treadmill walking. With harness

support, leg kinetic energy at toe-off was reduced and

percentage swing time increased in the non-paretic limb,

which improved swing time symmetry (all P = 0.03) and

brought these variables closer to values in non-disabled

controls from Chen et al. [1] (Fig. 1). However, leg kinetic

energy at toe-off, swing time, and peak knee flexion during

swing in the paretic limb and energy cost associated with

raising the trunk during pre-swing (NP-LR) and swing (NP-

SS) of the paretic limb were not significantly different with

harness support.

Table 3 presents the effect of each training parameter.

With increased body weight support, percentage swing time

of the non-paretic limb increased, resulting in improved

swing time symmetry (both multivariate P = 0.03, Fig. 2).

With increased treadmill speed, leg kinetic energy at toe-off

in the paretic and non-paretic limbs increased (multivariate

P = 0.002 and 0.006, respectively; Fig. 3) but did not become

more similar. Also, energetic cost associated with raising the

trunk increased with speed (multivariate P = 0.03; Fig. 3,

Energetic cost, Trunk PEG in NP-LR and NP-SS). With

increased support stiffness, energetic cost associated with

raising the trunk was reduced (multivariate P = 0.002; Fig.

4). There was a statistically significant effect of support

stiffness on leg kinetic energy at toe-off in the paretic limb

(multivariate P = 0.04), but the magnitudes of these differ-

ences were small. Across the conditions of handrail hold,
GAIPOS 2021 1–6
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Table 2

Comparison of free vs. harness-supported treadmill walking

Free walking (condition 1) Harness support (condition 3) P Non-disabled control

Swing time (% gait cycle)

Paretic limb 39.8 (4.6) 41.0 (8.4) 32.2 (10.3)

Non-paretic limb 21.5 (4.5) 30.4 (6.1) 0.03 31.4 (8.4)

Asymmetry (%) 43.4 (16.5) 22.7 (25.5) 0.03 �0.1 (11.3)

Leg kinetic energy at toe-off (cJ/kg)

Paretic limb 2.0 (1.2) 2.0 (1.8) 4.5 (2.0)

Non-paretic limb 7.5 (3.7) 4.9 (2.5) 0.03 4.9 (2.6)

Peak knee flexion during swing (8)
Paretic limb 37.8 (9.8) 39.0 (13.9) 58.6 (7.4)

Component energetic cost (cJ/kg)

Trunk PEG in NP-LR and NP-SS 14.6 (5.0) 11.6 (2.5) 6.1 (2.1)

Group means and standard deviations (in parentheses). Paretic and non-paretic limb variables are side-matched in non-disabled, speed-matched controls from

Chen et al. (2004). P, significance between free and harness-supported walking conditions (Wilcoxon signed-rank test). PEG, potential energy of gravity; NP-

LR, non-paretic limb loading response; NP-SS, non-paretic limb single support.

Fig. 1. Significant gait differences between free and harness-supported

treadmill walking (solid and white bars, respectively) (leg kinetic energy at

toe-off and percentage swing time in the non-paretic limb and swing time

asymmetry. Values are means � S.E.; P, significance between free and

harness-supported walking conditions (Wilcoxon signed-rank test). Hori-

zontal lines designate values during free treadmill walking in non-disabled,

speed-matched controls from Chen et al. (2004). Paretic and non-paretic

limb variables are side-matched in control subjects. Note: Swing time

asymmetry in control subjects was close to zero. With the addition of

harness support, leg kinetic energy at toe-off in the non-paretic limb was

reduced, swing time increased, which improved swing time symmetry.
O
Oharness support, and combined harness support and handrail

hold, swing time of the non-paretic limb increased, resulting

in improved swing time symmetry (both multivariate P =

0.03, Fig. 5).
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R4. Discussion

The adjustment of each training parameter improved a

specific set of gait deviations associated with post-stroke

hemiparesis (Table 3). Our findings provide a rationale for

the proper selection of training parameters during treadmill

training in hemiparetic individuals.

Increased body weight support and the addition of hand-

rail hold increased percentage single limb support time on

the paretic limb, since swing time of the non-paretic limb
T

GAIPOS 2021 1–6

Table 3

Training parameters: effect summary

BWS Speed Stiffness Handrail

Swing time

Paretic limb X X X X

Non-paretic limb H (+) * (+) X H (+)

Asymmetry H (�) * (�) * (�) H (�)

Leg kinetic energy at toe-off

Paretic limb X H (+) H (small) X

Non-paretic limb * (�) H (+) X * (�)

Peak knee flexion during swing

Paretic limb X X X X

Component energetic cost

Trunk PEG in NP-LR and NP-SS X H (+) H (�) * (�)

(H) Statistically significant effect (mult-P < 0.05; Friedman’s method for

randomized blocks); (*) some tendencies (not statistically significant); (X)

little effect; (+) variable increased with level of parameter; (�) variable

decreased with level of parameter. BWS, body weight support; PEG,

potential energy of gravity; NP-LR, non-paretic limb loading response;

NP-SS, non-paretic limb single support.
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Fig. 2. Significant effects of body weight support during treadmill walking

(percentage swing time of the non-paretic limb and swing time asymmetry.

Each condition was tested at the default level of treadmill speed (100%

CTS), support stiffness (35.1 N/cm), and handrail hold (none); mult-P,

multivariate significance between body weight support conditions (Fried-

man’s method for randomized blocks). Note: Swing time asymmetry in

control subjects was close to zero. With increased body weight support,

swing time of the non-paretic limb increased, resulting in improved swing

time symmetry. In this figure, and in Figs. 4–6, values are means � S.E.

Horizontal lines designate values during free treadmill walking in the

subjects (dashed lines) and non-disabled, speed-matched controls from

Chen et al. (2004) (solid lines). Paretic and non-paretic limb variables

are side-matched in control subjects.

Fig. 3. Significant effects of treadmill speed during supported treadmill

walking (leg kinetic energy at toe-off in the paretic and non-paretic limbs

and energetic cost associated with rises in trunk potential energy during pre-

swing (NP-LR) and swing (NP-SS) of the paretic limb. Each condition was

tested at the default level of body weight support (35%), support stiffness

(35.1 N/cm), and handrail hold (none); mult-P, multivariate significance

between treadmill speed conditions (Friedman’s method for randomized

blocks). With increased treadmill speed, leg kinetic energy at toe-off in the

paretic and non-paretic limbs increased but did not become more similar.

Energetic cost associated with rises in trunk potential energy increased with

speed, probably due to larger vertical displacements of the trunk associated

with increased stride length.

Fig. 4. Significant effect of support stiffness during treadmill walking

(energetic cost associated with the rises in trunk potential energy during

pre-swing (NP-LR) and swing (NP-SS) of the paretic limb. Each condition

was tested at the default level of body weight support (35%), treadmill speed

(100% CTS), and handrail hold (none); mult-P, multivariate significance

between support stiffness conditions (Friedman’s method for randomized

blocks). With increased support stiffness, energetic cost associated with

rises in trunk potential energy decreased, probably due to restriction of

vertical displacements of the trunk.
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increased. Increased single limb support time may provide a

higher training stimulus for impaired equilibrium reflexes

[6,8,9,12]. Previous studies have also reported increased

single limb support time on the paretic limb during treadmill

walking with harness support [6–8]. Additionally, our study

found that single limb support time was increased when

handrail hold was provided by itself, though to a smaller

extent than with harness support, and further increased when

handrail hold was combined with harness support. Reduced

single limb support time on the paretic limb is a prominent

characteristic of hemiparetic gait [1,13,14] and is consistent

with weakness or poor balance during support on the paretic

limb. Both harness support and handrail hold assist in weight

support and balance, which may allow hemiparetic indivi-

duals to achieve longer support time on the paretic limb.

Faster treadmill speeds increased leg kinetic energy at

toe-off in the paretic limb, which could be important to

achieving faster walking speeds overground and improving

swing initiation at slower speeds. Leg kinetic energy at toe-

off in the paretic limb only improved with increased tread-

mill speed and was not appreciably affected by body weight

support, support stiffness, or handrail hold. Low leg kinetic

energy at toe-off in the paretic limb, which can result from

inadequate propulsion by the plantarflexors or hip flexors

[15,16], may limit how fast the paretic limb advances during

swing and, consequently, gait speed. When the gait of

hemiparetic and non-disabled subjects were compared at

the same speeds, deviations in swing time and peak knee

flexion during swing in the paretic limb were thought to

result from inadequate leg kinetic energy at toe-off [1]. In
U GAIPOS 2021 1–6
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Fig. 5. Significant effects across the conditions of treadmill walking with

handrail hold, harness support, and combined harness support and handrail

hold (percentage swing time of the non-paretic limb and swing time

asymmetry. Each condition was tested at the default level of treadmill

speed (100% CTS). Harness support was provided at the default level of

body weight support (35%) and support stiffness (35.1 N/cm); mult-P,

multivariate significance between the three conditions (Friedman’s method

for randomized blocks). Note: Swing time asymmetry in control subjects

was close to zero. Across the conditions of handrail hold, harness support,

and combined harness support and handrail hold, swing time of the non-

paretic limb increased, resulting in improved swing time symmetry.
N
C

O
R

R

our study, these deviations in swing kinematics did not

improve at faster treadmill speeds, probably because leg

kinetic energy at toe-off in the paretic limb, though increased,

was still inadequate for the faster speed of walking. However,

if the increased leg kinetic energy elicited by faster training

can be maintained at slower walking speeds overground, we

believe that it may lead to improved swing kinematics in the

paretic limb and, perhaps, the reduction of other costly

compensatory strategies (e.g., pelvic hiking and circumduc-

tion of the paretic limb) that might limit walking endurance.

The reduction of energy cost associated with raising the

trunk during pre-swing and swing of the paretic limb

provides a rationale for the use of a stiffer harness support

during treadmill training in hemiparetic individuals. The

restoration of normal displacements of the trunk has been

stressed in treadmill training because it strongly affects the

sensory experience that is believed to be important to

achieving optimal training results [17,18]. Moreover, exag-

gerated displacements of the trunk during walking in hemi-

paretic individuals contribute to increased mechanical

energetic cost [1,19]. Ironically, advocates for the use of

a compliant harness support have generally emphasized that

compliance allows for more natural displacements of the

trunk during the gait cycle, which a rigid support was

thought to eliminate. However, since vertical displacements

of the trunk were abnormally large in the subjects, a reduc-

tion in these displacements actually improved the overall

motion profile of the trunk. On the other hand, much of the

increased vertical displacement of the trunk in the subjects

was attributed to the large rise in trunk height during pre-

swing and swing of the paretic limb, which compensates for

reduced knee flexion in the limb. Thus, the clinical impor-
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tance of reducing these displacements during training could

be challenged. For instance, if reduced knee flexion during

swing in the paretic limb cannot be improved in the indi-

vidual, reduction in compensatory pelvic hiking would not

be expected to improve locomotor performance overground.

In addition, some of the subjects preferred a compliant

support because a rigid support was uncomfortable.

Deviations in swing time and peak knee flexion during

swing in the paretic limb were not improved with the

adjustment of training parameters (Table 3). Indeed, manual

assistance to advance the paretic limb during swing is

commonly needed in hemiparetic individuals who cannot

walk independently on the treadmill even when harness

support or handrail hold is provided [4,5,9]. Manual assis-

tance greatly increases the physical demand on therapists

and has driven the push for fully mechanized gait trainers

[18] and powered orthoses [20] that can assist even severely

impaired individuals to produce a gait-like movement pat-

tern. Nevertheless, our study found that gait deviations

associated with swing of the paretic limb (i.e., increased

swing time and reduced peak knee flexion) are also resistant

to improvement in hemiparetic individuals who are ambu-

latory on the treadmill. In this case, manual assistance or

other facilitatory techniques (e.g., functional electrical sti-

mulation) should, perhaps, be provided to insure proper

kinematics of the paretic limb during swing, even though

the subjects can advance the limb independently.

Our study provides a rationale for the proper selection of

training parameters for treadmill training in hemiparetic

individuals, but some important limitations should be noted.

First, because of the small sample size in our study, the

findings should be substantiated in a larger group of subjects.

Second, even if certain gait deviations associated with

hemiparesis are reduced during treadmill walking, the prac-

tice of an improved gait pattern, as defined, may not improve

the individual’s locomotor ability overground. Ultimately,

the importance of these factors to treatment outcome in

hemiparetic individuals needs to be verified in clinical trials.

Lastly, our findings, based on data from ambulatory subjects,

may not be relevant to the training of more severely impaired

individuals who require a great amount of manual assistance

to walk on the treadmill.

In conclusion, the proper selection of training parameters

can improve specific gait deviations associated with post-

stroke hemiparesis during treadmill walking. With harness

support or handrail hold, increased treadmill speed, and

increased support stiffness, deviations in single limb support

time in the paretic limb, leg kinetic energy at toe-off in the

paretic limb, and energy cost associated with raising the

trunk were improved, respectively. However, deviations in

swing time and knee flexion during swing in the paretic limb

resisted improvement and probably need to be addressed

using manual assistance or other facilitatory techniques. The

practice of an improved gait pattern during treadmill train-

ing, as defined by a reduction in these gait deviations, may

improve treatment outcome in hemiparetic individuals.
GAIPOS 2021 1–6



G. Chen et al. / Gait & Posture xxx (2004) xxx–xxx6

DTD 5

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334
Acknowledgements

We thank Douglas Schwandt, Machiel Van der Loos, and

Jim Anderson for their technical assistance in designing and

building the harness support; Daniel Ferris for his generous

consultation during the conception of the study; Charles

Burgar for the use of the BIODEX treadmill and Pedar insole

sensors; Jill Higginson for her revisions to the MARey

software; Lise Worthen for her assistance in collecting pilot

data; and Maria Kim for her thoughtful discussions on the

study. This work was supported by the Rehabilitation R&D

Service of the US Department of Veterans Affairs (VA).

George Chen was the recipient of a VA Pre-Doctoral Asso-

ciated Health Rehabilitation Research Fellowship and a

Whitaker Foundation Pre-Doctoral Fellowship. Carolynn

Patten was the recipient of VA RR&D Research and

Advanced Research Career Development Awards and a

New Investigator Training and Fellowship Initiative from

the Foundation for Physical Therapy. Felix Zajac was the

recipient of a VA Senior Research Career Scientist Award.

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357
References

[1] Chen G, Patten C, Kothari DH, Zajac FE. Gait differences between

individuals with post-stroke hemiparesis and non-disabled controls at

matched speeds. Gait Posture (2004).

[2] Jorgensen HS, Nakayama H, Raaschou HO, Olsen TS. Recovery of

walking function in stroke patients: the Copenhagen stroke study. Arch

Phys Med Rehabil 1995;76:27–32.

[3] Hesse S, Bertelt C, Jahnke MT, Schaffrin A, Baake P, Malezic M, et al.

Treadmill training with partial body weight support compared with

physiotherapy in nonambulatory hemiparetic patients. Stroke 1995;

26:976–81.

[4] Sullivan KJ, Knowlton BJ, Dobkin BH. Step training with body weight

support: effect of treadmill speed and practice paradigms on poststroke

locomotor recovery. Arch Phys Med Rehabil 2002;83:683–91.

[5] Visintin M, Barbeau H, Korner-Bitensky N, Mayo NE. A new

approach to retrain gait in stroke patients through body weight support

and treadmill stimulation. Stroke 1998;29:1122–8.

[6] Hesse S, Konrad M, Uhlenbrock D. Treadmill walking with partial

body weight support versus floor walking in hemiparetic subjects.

Arch Phys Med Rehabil 1999;80:421–7.
U
N

C
O

R
R

E
C

TE
D

 P
R

O
O

F

[7] Hesse S, Helm B, Krajnik J, Gregoric M, Mauritz KH. Treadmill

training with partial body weight support: Influence of body weight

release on the gait of hemiparetic patients. J Neurol Rehabil

1997;11:15–20.

[8] Hassid E, Rose D, Commisarow J, Guttry M, Dobkin BH. Improved

gait symmetry in hemiparetic stroke patients induced during body

weight-supported treadmill stepping. J Neurol Rehabil 1997;11:

21–26.

[9] Hesse S. Treadmill training with partial body weight support in

hemiparetic patients—further research needed. Neurorehabil Neural

Repair 1999;13:179–81.

[10] Dobkin BH. An overview of treadmill locomotor training with partial

weight support: a neurophysiologically sound approach whose time

has come for randomized clinical trials. Neurorehabil Neural Repair

1999;13:157–65.

[11] Chen G, Schwandt D, Van der Loos HFM, Anderson J, Ferris DP,

Zajac FE, et al. Compliance-adjustable, force-sensing harness support

for studying treadmill training in neurologically impaired subjects.

In: Proceedings of the 6th annual gait and clinical movement

analysis meeting, Sacramento, CA, 25–28 April. Gait Posture 2001;

13:293–4.

[12] Harris-Love ML, Forrester LW, Macko RF, Silver KH, Smith GV.

Hemiparetic gait parameters in overground versus treadmill walking.

Neurorehabil Neural Repair 2001;15:105–12.

[13] Brandstater ME, de Bruin H, Gowland C, Clark BM. Hemiplegic gait:

analysis of temporal variables. Arch Phys Med Rehabil 1983;64:583–

7.

[14] Wall JC, Turnbull GI. Gait asymmetries in residual hemiplegia. Arch

Phys Med Rehabil 1986;67:550–3.

[15] Nadeau S, Arsenault AB, Gravel D, Bourbonnais D. Analysis of the

clinical factors determining natural and maximal gait speeds in adults

with a stroke. Am J Phys Med Rehabil 1999;78:123–30.

[16] Nadeau S, Gravel D, Arsenault AB, Bourbonnais D. Plantarflexor

weakness as a limiting factor of gait speed in stroke subjects and

the compensating role of hip flexors. Clin Biomech 1999;14:

125–135.

[17] Gordon KE, Ferris DP, Roberton M, Beres JA, Harkema SJ. The

importance of using an appropriate body weight support system in

locomotor training. Soc Neurosci Abstr 2000;26 (1):160.

[18] Hesse S, Uhlenbrock D. A mechanized gait trainer for restoration of

gait. J Rehabil Res Dev 2000;37:701–8.

[19] Olney SJ, Monga TN, Costigan PA. Mechanical energy of walking of

stroke patients. Arch Phys Med Rehabil 1986;67:92–8.

[20] Ferris DP, Czerniecki JM, Hannaford B. An ankle–foot orthosis

powered by artificial muscles. In: Proceedings of the 25th annual

meeting of the american society of biomechanics, 8–11 August. San

Diego, CA; 2001.
GAIPOS 2021 1–6

358


	Gait deviations associated with post-stroke hemiparesis: improvement during treadmill walking using weight support, speed, support�stiffness, and handrail hold
	Introduction
	Methods
	Results
	Discussion
	Acknowledgements

	References

