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Abstract

A novel robot-aided assist-as-needed gait training paradigm has been developed recently. This 

paradigm encourages subjects’ active participation during training. Previous pilot studies 

demonstrated that assist-as-needed robot-aided gait training (RAGT) improves treadmill walking 

performance post-stroke. However, it is not known if there is an over-ground transfer of the 

training effects from RAGT on treadmill or long-term retention of the effects. The purpose of the 

current study was to examine the effects of assist-as-needed RAGT on over-ground walking 

pattern post-stroke. Nine stroke subjects received RAGT with visual feedback of each subject’s 

instantaneous ankle malleolus position relative to a target template for fifteen 40-minute sessions. 

Clinical evaluations and gait analyses were performed before, immediately after and 6 months 

post-training. Stroke subjects demonstrated significant improvements and some long-term 

retention of the improvements in their self-selected over-ground walking speed, Dynamic Gait 

Index, Timed Up and Go, peak knee flexion angle during swing phase and total hip joint excursion 

over the whole gait cycle for their affected leg (p<0.05). These preliminary results demonstrate 

that subjects improved their over-ground walking pattern and some clinical gait measures post-
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training suggesting that assist-as-needed RAGT including visual feedback may be an effective 

approach to improve over-ground walking pattern post-stroke.
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I. INTRODUCTION

STROKE is a leading cause of serious long-term disability in the elderly. Each year 

approximately 795,000 people experience a new or a recurrent stroke [1]. Lower-extremity 

sensorimotor impairment is frequently seen in people following stroke [2]. Stroke survivors 

usually have reduced joint excursion, insufficient forward propulsion, and hyperactive reflex 

responses, which lead to a slow, asymmetrical, and unstable walking pattern [3-5]. In 

addition, stroke survivors tend to use inefficient compensatory strategies for the gait deficits 

such as a leg circumduction or abnormal elevation of the pelvis to compensate for 

insufficient foot clearance during swing. Overall, these altered walking patterns lead to high 

energy expenditure [6] and may further reduce their social participation and independence in 

activities of daily living [7].

Body weight supported treadmill training (BWSTT) is one of the approaches for gait 

retraining post-stroke [8, 9]. An advantage of BWSTT is that partial body weight support 

makes it easier for patients to control their lower limbs and trunk during training. BWSTT 

has shown significant therapeutic effects in improving patients’ gait speed, walking 

endurance, and functional walking capacity [8-10]. However, the major drawback of this 

training is that it is labor-intensive, requiring one or two therapists to manually assist 

patients’ leg motion and stabilize their trunk. In addition, the manual assistance provided 

during the training varies from one therapist to another and thus, the training may not be 

performed in a consistent manner [11]. Duncan et al (2011) suggested that BWSTT is not 

superior to a home-exercise program in promoting functional gait recovery. Thus, clear 

evidence for the effectiveness of BWSTT in the post-stroke population is still lacking [12].

Robotic lower-limb exoskeletons have been developed to overcome some of the 

aforementioned limitations of BWSTT. Robot-aided gait training (RAGT) with continuous 

assistance tends to move the patient’s leg passively through a prescribed target path, and has 

been shown to be less effective than conventional therapy [13]. This may be because the 

subjects’ physical effort is substantially reduced due to the continuous assistance. A novel 

compliant force field for RAGT was developed to provide assistance when needed, as an 

alternative to continuous assistance [14, 15]. Previous studies showed that both 

neurologically impaired and intact individuals increased their active participation by 

showing greater heart rate, muscle activation, and physical exertion during training when 

using an assist-as-needed paradigm [16-18]. In addition, a recent case study compared the 

two training strategies, assist-as-needed and continuous assistance paradigms, on a single 

stroke survivor [19]. Their preliminary results suggest that the assist-as-needed paradigm is 

more effective than the continuous assistance paradigm, showing more improvements in 
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clinical measures and walking speed. The compliant force field used during the assist-as-

needed paradigm preserves a basic feature of walking, that is, the presence of step-to-step 

variability [20]. It is possible that the movement variability encourages more active 

participation from the subjects, and leads to better gait recovery [21]. However, there is still 

limited evidence supporting the effectiveness of the assist-as-needed RAGT on individuals 

post-stroke. Furthermore, it has been suggested that restricting degrees of freedom of the 

trunk as a result of walking with the robotic exoskeleton may limit improvements in 

subjects' gait pattern [22]. An Active Leg Exoskeleton (ALEX) [23] developed in our 

laboratory provides additional degrees of freedom for trunk and hip movement in 

comparison to the commercially available Lokomat [24]. This may allow a more natural gait 

pattern and can be an advantage over the widely used Lokomat.

The purpose of the current study was to investigate the effectiveness of assist-as-needed 

RAGT with ALEX on the functional walking ability of individuals post-stroke. A previous 

pilot study from our lab demonstrated that two stroke survivors improved their treadmill 

walking patterns after 15 sessions of assist-as-needed RAGT that included visual feedback 

of their instantaneous and target ankle malleolus position [15]. In addition, a recent pilot 

study from Krishnan et al. showed that a single stroke survivor had substantially improved 

muscle coordination, propulsive ground reaction forces, and malleolus path after receiving 

the assist-as-needed RAGT with Lokomat [25]. Although those results are promising, the 

conclusions were based on the data from only one or two stroke survivors. Moreover, no 

information regarding long-term retention of the training effects from the assist-as-needed 

paradigm is available in the previous studies. In the current study, we investigated whether 

the RAGT using an assist-as-needed paradigm would facilitate changes in the walking 

patterns and functional ability of individuals post-stroke and whether these changes would 

be retained 6 months following training. We also investigated if the training effects could be 

transferred to over-ground walking. We hypothesized that subjects would show 

improvements in their walking patterns and sensorimotor function following gait training, 

and these changes would be retained to some extent even 6 months after the training.

II. METHODS

A. Subject information

Nine stroke survivors (7 males, 2 females) who had sustained a stroke more than 3 months 

prior to the study gave written informed consent to participate in the study, approved by the 

University’s Review Board. Demographic details of the stroke survivors’ are listed in Table 

I. A physical therapist screened all subjects for the exclusion criteria. Subjects were 

excluded if they had evidence of multiple strokes, chronic white matter disease on magnetic 

resonance imaging, congestive heart failure, peripheral artery disease with intermittent 

claudication, cancer, pulmonary or renal failure, unstable angina, uncontrolled hypertension 

(>190/110 mmHg), dementia (Mini-Mental State Exam < 22) [26], severe aphasia, 

orthopedic conditions affecting the legs or the back, or cerebellar signs (e.g., ataxia).
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B. Device and assist-as-needed force field description

This study used ALEX developed at the University of Delaware (Figure. 1), details of which 

were described previously [15, 23]. ALEX was used to apply an assist-as-needed compliant 

guidance force on the affected leg of the subjects during training. Each subject was provided 

with visual feedback of the instantaneous malleolus position and a target template based on 

the spatial location of the lateral malleolus. The target template for the training was based on 

the normalized walking pattern of ten healthy elderly individuals that were recorded 

previously at 17 different speeds from 0.6 to 2.2 mph. Templates for the malleolus path were 

adjusted to each stroke survivor’s leg length at a given speed. The malleolus path of healthy 

individuals was considered to be 100%, and the stroke survivors’ baseline pattern was 

considered as 0%. The stroke survivors’ malleolus path was scaled at each data point to a 

certain percentage of the healthy data to generate the target template [15]. Scaling of the 

stroke survivor’s path was increased towards that of the healthy template across training 

sessions. A compliant force field with an assist-as-needed paradigm provided guidance in 

the form of a virtual (elastic) tunnel around the target template that works similar to an 

elastic band, tending to bring the subject’s ankle towards the target path. The force field 

included normal and tangential forces. The normal force was applied when the subject’s 

instantaneous malleolus position went beyond the virtual tunnel surrounding the target 

template. A minimal tangential force helped the subjects to move along the target malleolus 

path (Figure. 2).

C. Training and evaluation protocol

Subjects received a total of 15 training sessions by having 5 daily sessions per week, every 

other week for 3 weeks. Each training session included eight 5-minute training bouts with 

rest breaks after every bout. Subjects received visual feedback on their instantaneous 

malleolus position and the target template as well as functional electrical stimulation (FES) 

of their ankle plantarflexors and dorsiflexors during alternating minutes. The stimulation 

intensity for both muscle groups was set using 300-ms long, 30-Hz train with 150-Volt 

amplitude. Pulse duration for dorsiflexors was set with subjects seated, to achieve a neutral 

ankle joint position (0°) with minimal ankle eversion or inversion. For plantarflexors, the 

subjects stood in a position similar to terminal double support of the paretic leg. Pulse 

duration was set to achieve lifting of the paretic heel off the ground or until the subject’s 

maximal tolerance was reached, whichever occurred first. The FES stimulation pattern 

comprised a high-frequency (200-Hz) 3-pulse burst followed by a lower frequency (30-Hz) 

constant frequency train [27, 28]. FES was provided to S1 only for the third week of 

training, and S2 only for the plantarflexors for the entire period of training. The force field 

was applied continuously for entire training bout. The size of the target was not changed 

within a single session. However, the assistance was decreased gradually over the eight 

training bouts, allowing the subjects to control their malleolus position more independently 

[15]. The amount of normal force was proportional to the square of the deviation between 

subject’s instantaneous malleolus position and the tunnel around the desired target path 

(equation 1):
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FN =
−KN × sign d ∣ d ∣ − D0 2 2 ∣ d ∣ ≥ D0 2

0 ∣ d ∣ < D0 2
(1)

where KN or stiffness is a constant with force units per length units squared, d is the distance 

between subject’s instantaneous malleolus position and the desired position on the target 

path, and D0 is the width of virtual tunnel. We reduced the robotic assistance across training 

bouts by decreasing the stiffness and/or increasing the width of the virtual tunnel around the 

target template. Two levels of stiffness and two sizes of the virtual tunnel were used in the 

study: a high (HS = 0.760 N/mm2) and a low (LS = 0.125 N/mm2) stiffness coefficient (KN) 

as well as a narrow width (NW = 10mm) and a larger width (LW = 20mm) of the virtual 

tunnel (Table II).

The training speeds and the size of the target template were increased gradually with the 

progression of the training, based on the subject’s performance on the previous training 

session. The details of the training protocol and computation of the target template have 

been documented previously [15].

All subjects underwent gait analyses on the treadmill using ALEX for the paretic leg and 

during over-ground walking using eight-camera motion capture system, as well as a clinical 

examination before training (baseline), immediately after training (post-training), and 6 

months after training (follow-up). Each clinical evaluation session included lower-extremity 

Fugl-Meyer Assessment (FMA) [29], Dynamic Gait Index (DGI) [30], Six-Minute Walk 

Test (6MWT) [31], and Timed Up and Go test (TUG) [32]. A summary of the stroke 

survivors’ baseline characteristics is listed in Table III. The walking evaluation on the 

treadmill with ALEX was performed without the force field guidance and visual feedback at 

subjects’ baseline treadmill walking speeds. Subjects walked at their self-selected speed for 

the gait evaluation during over-ground walking.

D. Data acquisition and analysis

Lower-limb joint angles and foot pressure sensor data were collected when walking with 

ALEX on the treadmill. Interlink Electronics FSR 406 pressure sensors placed on the sole of 

the shoes were used to define the gait events of each leg. The area between the target and the 

actual malleolus path during the swing phase was computed to measure the effects of 

training on learning of the normalized target path [15]. If subject’s actual malleolus path 

matches the prescribed malleolus path more closely post-training, the area between the 

actual and the target paths would be smaller than the area computed at baseline. A smaller 

area after training would indicate a pattern closer to healthy individuals.

During over-ground walking, lower-body kinematic data sampled at 120 Hz were collected 

by using an eight-camera motion capture system. For the first three subjects, a VICON 

motion capture system (Oxford, UK) was used. Kinematic data for the remaining individuals 

were captured using an eight-camera Qualisys motion capture system (Gothenburg, Sweden) 

because of a switch in labs. Visual 3D (C-Motion Inc., Rockville, MD) was used to estimate 
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over-ground walking speed, and compute hip, knee and ankle joint angles. Peak flexion 

angles during swing and total joint excursion during gait cycle from the paretic leg were 

computed for further analysis. Foot clearance during swing phase was computed as the 

maximal vertical position of the reflective marker attached on top of the 5th metatarsal.

E. Statistical analysis

Due to the small sample size, we used the non-parametric Friedman’s test to test for 

differences in the gait parameters and clinical outcome measures among the three evaluation 

sessions (i.e., baseline, post-training, 6-month follow-up). The significance level was set at 

p<0.05. If the main effect was significant, we used Wilcoxon signed rank test to compare 

each pair of the evaluation sessions with adjusted p<0.017. All statistics were performed in 

SPSS version 20 (IBM Co., Somers, NY).

III. RESULTS

A. Clinical measures

Stroke survivors exhibited significant changes in their self-selected over-ground walking 

speed (Friedman’s test, p=0.001), DGI (p=0.005), and TUG (p=0.016) following training 

(Figure. 3). The walking speed improved significantly immediately after the training 

(Wilcoxon signed rank tests, p=0.008), and the improvements were retained 6-months post- 

training (Wilcoxon signed rank tests, p=0.008). Changes equal to or greater than the 

minimum clinically important difference (MCID) in the self-selected speed (i.e., 0.16 m/s) 

[33] were observed in three out of the nine subjects after the training. In addition, at the 6-

month follow-up, five out of the nine subjects achieved clinically meaningful changes 

greater than the MCID compared to the baseline. MCID is the reference value for the 

smallest change in an outcome measure that an individual will identify as beneficial [34].

DGI and TUG scores of the subjects improved significantly after training (Wilcoxon signed 

rank test, DGI: p=0.007, TUG: p=0.008) but the changes were not retained 6-months post-

training. Five out of nine subjects showed immediate improvements greater than minimal 

detectable change (i.e., 2.9) [35] in their DGI scores. Minimal detectable change (MDC) is 

the smallest change that exceeds changes due to measurement error [36]. Only one subject 

achieved a change greater than the reported MDC in TUG (i.e., 7.84 seconds) [37]. The 

FMA was not performed for the first two subjects. Three out of the remaining seven subjects 

showed changes greater than the MDC (i.e., 3.57) [37]. There was a significant main effect 

in FMA (Friedman’s test, p=0.022); however, post-hoc tests revealed no statistically 

significant difference in the FMA scores after training or at 6-month follow-up compared to 

the baseline (Wilcoxon signed rank tests, p>0.017) (Figure. 3). The 6MWT was not 

performed on the first subject. Furthermore, there were no statistically significant differences 

in the 6MWT following training (Friedman’s test, p=0.3) (Figure. 3). However, one out of 

the eight subjects did show changes in the 6MWT greater than the MDC (i.e., 54.1 m) [38].

B. Over-ground kinematic data

Subjects showed significant changes in peak knee flexion during the swing phase 

(Friedman’s test, p=0.013), total hip joint excursion of the whole gait cycle (p=0.003), and 
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maximum foot clearance (p=0.013) of their affected legs after the training. Peak knee flexion 

increased significantly (baseline=45.9°±15.4°, post-training=50.6°±14.9°) after training 

(Wilcoxon signed rank test, p=0.008). This increase was towards the average value of 

neurologically intact healthy elderly (i.e., 61.9°±6.4°) [39]. However, the increase was not 

retained at the 6-month follow-up. Only one subject showed a clinically meaningful change 

in peak knee flexion (i.e., 5.7°) [40]. There were no significant changes for the peak hip 

flexion or peak ankle dorsiflexion during swing.

Subjects had significantly greater total hip joint excursion (baseline=30.4°±10.6°, post-

training=34.4°±10.7°, follow-up=37.4°±12.2°) both after training (Wilcoxon signed rank 

tests, p=0.011) and at the 6-month follow-up compared to the baseline (Wilcoxon signed 

rank tests, p=0.008). The total hip joint excursion was greater than normal at baseline and 

following training. The normal or the average value of neurologically intact young adults is 

24°±4° [41]. No significant changes were seen for total knee (Friedman’s test, p=0.05) or 

ankle joint excursion (p=0.64), among the three evaluation sessions (Figure. 4). Subjects did 

not show any significant change in maximum foot clearance after the training, but a 

significantly greater foot clearance was found at the 6-month follow-up (Wilcoxon signed 

rank test, p=0.011) (Figure. 3).

C. Ankle lateral malleolus path area

There were no significant differences in the area between subjects’ malleolus path and the 

target path derived from the healthy subjects recorded previously (Friedman’s test, p>0.05). 

However, five out of the nine subjects demonstrated a smaller area following training. This 

indicates that these stroke survivors walked with their malleolus paths closer to the target 

path even without the visual display. On the contrary, three subjects showed an increase in 

the area. This increase resulted from an exaggerated high stepping pattern while walking in 

the robotic exoskeleton without the compliant force field. The single remaining subject did 

not show changes following training in the area relative to the target path (Figure. 5).

IV. DISCUSSION

There were significant improvements in walking speed, some of the over-ground kinematic 

measures, and some of the clinical measures after training. The improvement in walking 

speed and total hip joint excursion were retained 6 months after training. However, little 

change was seen in the ankle path area following training. Therefore, the current findings 

partially support our hypothesis that assist-as-needed RAGT would improve walking 

patterns and functional capacity post-stroke.

Current literature lacks information regarding changes in over-ground kinematics of the 

paretic leg following RAGT. This information is critical because the ultimate goal of 

rehabilitation is to transfer the training effects to over-ground walking. Our results showed 

that stroke survivors improved joint kinematics during over-ground walking, such as 

significant increases in the peak knee flexion angle during the swing phase and the total hip 

joint excursion over the whole gait cycle. However, there were no significant improvements 

in the ankle joint angles, suggesting limited training effects of FES of ankle plantarflexors 

and dorsiflexors. Further investigation is required to determine whether the improvements in 
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the walking pattern post-training were due to the effects of the compliant force field, or FES, 

or a combination of both. There were significant changes in some of the clinical measures 

and gait speed after training. The measures that improved significantly post-training such as 

DGI, TUG, and gait speed also showed changes greater than the MDC for some of the 

subjects. However, not all the subjects demonstrated an improvement greater than the MDC. 

Although some of the changes in the clinical measures might result from the measurement 

error, all subjects demonstrated a trend towards improvement following training. In addition, 

five out of the nine stroke survivors walked with smaller area following training suggesting a 

malleolus path that was closer to the target template post-training. Three subjects 

demonstrated an increase in their malleolus path area post-training. This increase in the area 

was due to a higher stepping during treadmill walking post-training and suggests greater 

compensations for foot clearance used by these subjects. Among the three subjects who 

exhibited high stepping post-training, subject S8 also demonstrated an increase in maximum 

foot clearance during over-ground walking, whereas before training, S8 tended to drag his 

foot during swing phase due to spasticity in the plantarflexors of the affected leg. The 

increase in the foot clearance during the swing phase might help this subject reduce the risks 

of trips or falls [42-44]. However, the other two subjects did not show a transfer of higher 

foot clearance from their treadmill to over-ground walking pattern. These results suggest that 

there is relatively modest training effect from the robot-aided treadmill training that could be 

transferred to the over-ground walking pattern and functional walking ability.

There have been a limited number of studies investigating the effectiveness of RAGT post-

stroke. Previous studies compared the effects of RAGT with BWSTT or conventional 

physical therapy [13, 22, 45]. However, there is still a lack of strong evidence supporting the 

effectiveness of any gait training intervention on the functional recovery post-stroke [8, 9, 

12, 13, 22]. In these previous studies, the RAGT employed a control algorithm that provided 

continuous assistance to the subjects regardless of their online performance [22]. 

Conversely, a compliant force field as tested in the current study allows variability of 

stepping movements and requires greater active participation from the subjects. The 

compliant force field may result in larger improvements of functional walking ability than 

the continuous assistance that forces the limb through a fixed movement path because, in the 

latter case, participants may rely on the robotic assistance and thus, reduce their effort [19, 

46].

Further investigation is needed to determine whether assist-as-needed RAGT is superior to 

training with continuous assistance or BWSTT. Although the assist-as-needed paradigm 

theoretically provides advantages over continuous assistance, the changes in gait in the 

current study e.g., self-selected walking speed (0.65±0.3 to 0.76±0.3 m/s) and the 6MWT 

(289.4±142.2 to 301.7±128.1 meters) were similar to changes in these parameters (self-

selected speed: 0.45±0.19 to 0.52±0.21 m/s; 6MWT: 170±86 to 186±88 meters) in a 

previous study that employed a Lokomat to provide continuous assistance [22]. In addition, 

larger improvements have been reported after BWSTT (self-selected walking speed: 

0.43±0.22 to 0.56±0.28 m/s; 6MWT: 170±86 meters to 204±96 meters). However, subjects’ 

baseline walking speeds and endurance in the current study were generally higher than the 

subjects in Hornby et al. [22], and it is possible that some of our subjects may have shown a 

ceiling effect. A recent study in our lab with healthy individuals suggests that an error-
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augmentation training paradigm, where the robotic force field exaggerates the subjects’ error 

in matching the target can result in better short-term learning effects than the assist-as-

needed paradigm [47]. Therefore, it may be possible that stroke survivors with higher 

functional walking ability may benefit from a more challenging training protocol such as an 

error augmentation paradigm.

The current study provided intermittent visual feedback of the instantaneous ankle malleolus 

positions and target template to the subjects as compared to the previous studies where 

feedback was based on hip or knee joint information [14]. Previous studies have suggested 

that the central nervous system controls important variables for task success [48], for 

example center of pressure to maintain standing posture using multiple degrees of freedom 

of the joints or muscles [49]. In addition, to regain walking ability, it has been shown that 

people with neurological disorders might benefit more from task-based training that 

encourages developing new muscle activity pattern for task success instead of a training that 

imposes reconstruction of normal muscle activity pattern [50]. Thus, it might be more 

effective to provide feedback on the performance of a critical task-relevant variable (e.g., 

malleolus position) than feedback on the performance of an individual joint (e.g., hip).

A major limitation of the current experiment is the limited sample size. The conclusions of 

this study were based upon data from nine stroke survivors. Additionally, in the current 

study, most of the subjects had mild to moderate impairment based on Perry’s [51] 

classification. Long-term training of stroke survivors with more diverse levels of motor 

impairments may better determine which levels of subjects will benefit most from the assist-

as-needed RAGT. Additionally, there is an absence of a control group in the current study. 

Comparisons with BWSTT or the conventional therapy would help to determine whether the 

assist-as-needed training paradigm is a better training strategy to improve gait post-stroke. 

Furthermore, it is not possible to determine whether the therapeutic effects shown in the 

current study were a result of a single component of the training paradigm or a combined 

effect of all the components. However, the purpose of the current study was to evaluate the 

potential of a comprehensive, robotic training paradigm that includes RAGT with visual 

feedback of the malleolus path and FES of the ankle plantarflexors and dorsiflexors as a 

training alternative for improving functional walking ability in stroke survivors.

V. CONCLUSION

This preliminary study suggests that RAGT including a compliant force field with an assist-

as-needed paradigm and visual feedback of malleolus path is a potential alternative for gait 

rehabilitation in people post-stroke. Subjects demonstrated improvements in their walking 

pattern on the treadmill. The effects of training were also modestly transferred to over-

ground walking with changes in the functional walking ability, sensorimotor function, and 

walking speed, although the changes were not superior to previously reported results from 

RAGT using a continuous assistance or BWSTT.
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Fig. 1. 
The active leg exoskeleton (ALEX) worn by the subjects on their affected extremity during 

training and treadmill evaluation.
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Fig. 2. 
Target template based on ankle malleolus and application of the compliant force field. The 

dashed line represents the target template based on the malleolus path and the black solid 

lines represent the walls of the virtual tunnel on either sides of the template. The solid black 

dot represents instantaneous malleolus position of the subject with the normal (Fn) and 

tangential (Ft) forces represented by the solid black arrows moving the subject’s ankle closer 

to the template.
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Fig. 3. 
Clinical outcome measures and maximum foot clearance averaged across subjects at 

baseline, after training (post-training), and 6 months after training (follow-up). Error bars 

represent the standard deviation across subjects. * p<0.017
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Fig. 4. 
Peak hip and knee flexion angles and peak ankle dorsiflexion angle (degrees) during the 

swing phase and total hip, knee, and ankle joint excursion (degrees) during the gait cycle 

averaged across subjects for the paretic leg. Error bars represent the standard deviation 

across subjects. * p<0.017
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Fig. 5. 
Each subject’s area between the ankle malleolus path at their self-selected walking speed 

and the target template averaged across swing phase. Error bars represent standard deviation 

across gait cycles.
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TABLE I
DEMOGRAPHIC DETAILS

Subject
ID

AGE
(yrs)

Duration
Post-stroke

(mos)

Side
Affected

(R/L)

Gender
(M/F) Diagnosis

S1 72 41 R M ischemic

S2 47 38 R M hemorrhagic

S3 78 29 R M ischemic

S4 56 95 L M ischemic

S5 80 53 L M ischemic

S6 60 3 R F hemorrhagic

S7 43 3 R M ischemic

S8 67 20 L M ischemic

S9 70 149 L F hemorrhagic
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TABLE II
TRAINING PROTOCOL FOR EACH BOUT IN A SINGLE SESSION

Bout Bout Bout Bout Bout Bout Bout Bout

1 2 3 4 5 6 7 8

(NW-
HS)

(NW-
HS)

(NW-
LS)

(NW-
LS)

(LW-
HS)

(LW-
HS)

(LW-
LS)

(LW-
LS)
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TABLE III
PARTICIPANTS’ CHARACTERISTICS AT BASELINE

Subject
ID

Timed
Up and
Go (s)

Dynamic
Gait

Index

Fugl-Meyer
Assessment

Six-
Minute
Walk
Test
(m)

Self-
Selected
Walking

Speed
(m/s)

S1 14.5 13 NA NA 0.51

S2 9.7 20 NA 474 1.06

S3 18.6 13 19 311 0.74

S4 7.6 16 24 476 1.04

S5 15.6 12 25 268 0.75

S6 29.3 9 11 72 0.15

S7 16.2 12 21 232 0.53

S8 29.3 8 12 150 0.29

S9 13.2 15 28 332 0.78
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