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Inclusion Criteria: 

• Hemiplegia due to stroke  

• At least 6 months post stroke 

• Passive ankle range of motion to neutral position 

• No prior use of a neuroprosthesis other than evaluation or trial use 

• Capable of walking 30 meters without stopping to rest and without the use of a cane or 

walker 

Exclusion Criteria: 

• Lower limb Botox injection within the past 6 months 

• History of falls in the last 3 months while walking on level ground 

• Pacemaker, defibrillator, or any electrical or metallic implant 

• Cognitive disability due to stroke 

• Prior history of seizures 

• Peripheral nerve disease or Guillian Barre syndrome 

• Fractures, dislocations or cancers of the affected lower limb 

• Pregnancy 

3.1.2 Subject Recruitment 

Recruitment took place through fliers distributed at stroke support groups and in clinics1, 

referrals by physicians2 and professors3, and by word of mouth via research subjects and 

clinicians4 directly involved in the study.  Referrals and individuals recruited by word of mouth 

gave written or verbal permission to forward their contact information to research staff. Interested 

parties were then contacted by phone, screened to determine if he or she met the inclusion 

criteria, and given a more detailed explanation of the study and study procedures. Informed 

consent was solicited prior to participation in any research activities. 

 
                                                      
1 Department of Physical Medicine and Rehabilitation at Froedtert Memorial Lutheran Hospital, Sacred Heart 
Rehabilitation Institute at Columbia St. Mary's Hospital, Speech Pathology Department at Marquette University, 
Therapy Services at the Milwaukee Center for Independence. 
2 John McGuire, MD, Physical Medicine & Rehabilitation, Medical College of Wisconsin. 
3Tina Stoeckmann, Ph.D. and Sheila Schindler-Ivens, Ph.D., Physical Therapy, Marquette University.  
4 Tom Current ,CPO (Hanger Prosthetics & Orthotics) and Craig Peters, DPT (Innovative Neurotronics) 
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3.3.1 Marker Placement for Kinematic Analysis 

During each gait session, reflective markers were affixed with double sided adhesive tape on 

the following anatomical locations (see Figure 11) to facilitate lower extremity kinematic 

analysis:  

• anterior superior iliac spines, ASIS (if palpable, otherwise on the lateral pelvis) 

• sacrum (mid-way between the posterior superior iliac spines) 

• thigh (in line with the greater trochanter and lateral epicondyle of the femur) 

• lateral femoral epicondyle  

• tibia 

• lateral malleolus (medial malleolus if F-Scan sensors were used) 

• second metatarsal head (on shoe)  

• calcaneus (on shoe) 

 
Figure 11: Marker placement for lower limb gait analysis (adapted from [51]). 
Knee=lateral epicondyle Ankle=lateral malleolus  Heel=calcaneus 

During AFO testing, the lateral malleolus marker for the affected limb was affixed to the lateral 

AFO ankle joint. All other markers were placed as described above. 
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Virtual markers were created during data processing when the anatomical location was 

obscured by clothes or the body, or when the marker could not be consistently viewed during 

ambulation. Virtual markers were created for the ASIS and sacrum when body bulk or clothing 

obscured the marker location; these virtual markers were referenced to markers placed on the 

lateral pelvis. If the subject wore a knee brace that covered the lateral femoral epicondyle, the 

virtual knee marker was referenced to a marker triad placed on the thigh. Finally, when F-scan 

insoles were used to acquire plantar pressure data, a virtual ankle (lateral malleolus) marker was 

referenced to the medial malleolus.  For all subjects and trials, virtual markers were created for 

the tip of the shoe to assess toe clearance. 

3.3.2 Testing Protocol 

3.3.2.1 Subject Instrumentation 

Strength and joint ROM tests were conducted on both lower limbs before each gait 

analysis session (see 3.2.3: Functional Assessment). Anthropometric measurements including 

height, weight, and limb segment dimensions were acquired during the first gait session.  

Physiologic monitoring consisted of heart rate monitoring (see Table 5); a heart rate monitor was 

placed beneath the shirt directly over the heart. Kinematic analysis was based on the reflective 

markers affixed to the respective anatomical locations. 

 
Figure 12: F-scan insole (left) and sample plantar pressure data (right). 
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During WalkAide gait sessions, the WalkAide heel sensor (Table 5) was placed under the 

insole of the subject’s shoe on the affected side. An F-scan insole (Table 5) was trimmed to the 

subject’s shoe size and placed on top of the shoe insole on the affected side, see Figure 12. After 

the subject donned their shoes, the WalkAide neuroprosthesis was positioned and research staff 

manually stimulated the peroneal nerve to identify the tibialis anterior location for 

electromyographic monitoring.  

 
Figure 13: Tibialis anterior EMG differentiating voluntary contraction versus 

neuromuscular stimulation via the WalkAide. 

After cleansing the skin with an alcohol swab, a bipolar electromyographic (EMG) 

electrode, see Table 5, was placed on the skin over the tibialis anterior and affixed with 

hypoallergenic adhesive tape. The electrode position was confirmed by manual stimulation from 

the WalkAide, ensuring that neuromuscular stimulation by the WalkAide and voluntary tibialis 

anterior activity could be differentiated (Figure 13). The WalkLink was placed around the 

subject’s neck and connected to the WalkAide to acquire heel and tilt sensor data during 

ambulation. Finally, the F-scan insole was calibrated based on the subject’s body weight using 

Tekscan software. Figure 14 illustrates a subject instrumented for a WalkAide gait session. 
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Figure 14: Subject instrumented for WalkAide gait analysis session. 

3.3.2.2 Dynamic Gait Trials 

Gait analysis trials were conducted on a treadmill (Landice L8, Landice Inc.; Randolph, 

NJ), randomly oriented in level, inclined (+7°) and declined (-7°) orientations. As the treadmill 

only allows level and inclined ambulation, the treadmill was positioned on a 7° declined wooden 

ramp, thereby supporting all treadmill orientations.  For each treadmill orientation, the subject 

determined his/her comfortable walking speed; two minute walking trials were then conducted 

with 10 seconds of data acquired every 15 seconds. Kinematic and heart rate data were collected 

simultaneously. During WalkAide trials, tibialis anterior EMG data were acquired using a 

VICON analog channel, synchronizing the kinematic and EMG data.  Plantar pressure data (F-

scan insoles) were acquired on a separate computer.  Tilt and heel sensor data, as well as 

stimulation data, were acquired using the WalkLink on a third computer (see Table 5); these data 

were transmitted to the VICON workstation via Bluetooth. 
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3.3.2.3 Static Pointer Trials 

After completing the walking trials, static trials for virtual marker determination were 

conducted with the treadmill in the level orientation. The tip of the virtual marker wand was 

positioned over the respective anatomical location (e.g. ASIS, lateral malleolus, toe).  As the 

subject quietly stood, the wand was “poked”, pointing to the location of interest, thereby 

decreasing the distance between the wand’s two reflective markers (Figure 15) and creating a 

reference position for the virtual maker in relation to other lower extremity markers.  

 
Figure 15: Virtual marker wand positioned to create virtual toe marker. 

3.3.2.4 Static Knee Marker Trial 

A final static trial was conducted in which knee alignment devices (KADs) were placed 

over the medial and lateral epicondyles of both limbs to better define the knee joint axis (Figure 

16).  These KADs replaced the lateral femoral epicondyle markers.  

 
Figure 16: KAD (left) positioned over the femoral epicondyles during a static trial (right). 
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3.4   KINEMATIC DATA PROCESSING 

Upon completion of each gait analysis session, the subject’s data were first processed to 

obtain c3d kinematic data files.  Kinematic data processing was completed at the Motion Analysis 

Laboratory at the Medical College of Wisconsin using VICON Workstation software (version 

5.4) and MATLAB (R2010a, Mathworks; Natick, MA). This section summarizes raw marker data 

conversion to three-dimensional (3D) motion data, creation of virtual markers, and use of a 

PlugInGait model to integrate marker kinematic data, define lower extremity limb segments and 

calculate joint angles.  

3.4.1 Construction of 3D Motion Data 

Raw marker data from the 15 cameras were reconstructed using direct linear 

transformation to produce 3D marker position data. Each respective marker was manually 

labeled. Gaps (due to marker obstruction in the camera field of view) in marker data up to 10 

frames were filled by linear interpolation.  The marker motion data were filtered using a low pass 

quintic spline Woltring filter (mean square error of 20 corresponding to a noise tolerance of 20 

mm2) to smooth data.  These video data processing steps are summarized in Figure 17.

 

Figure 17: Flow chart illustrating conversion of raw video data to 3D marker data. 
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3.4.2 Creation of Virtual Markers 

Virtual markers for the ASIS, sacrum, knee, lateral malleoli, and toes were created as 

needed using MATLAB code (J. Long, Medical College of Wisconsin), the virtual marker wand 

data, and reference marker data; this procedure is summarized in Figure 18. The static virtual 

marker trial data files were opened and the individual camera views from the 15 cameras were 

reconstructed to produce the 3D motion data. The two markers on the wand and the three 

reference markers (see Table 6) were labeled. The position of the virtual maker during the static 

trial was determined and a vector relating the virtual marker to the reference markers was created. 

This vector was then used to create the virtual marker in all dynamic trial data files.  

Table 6: Virtual marker reference 

Virtual marker Reference markers 

Right/left ASIS 

Right pelvis  
Left pelvis 
Sacrum 

Sacrum 

Right pelvis  
Left pelvis 
Replacement sacral marker 
superior to anatomical location 

Knee 

Thigh plate marker 1 
Thigh plate marker 2 
Thigh plate marker 3 

Right/left lateral 
malleolus 

Right/left Toe  
Right/left medial malleolus 
Right/left heel   

Right/left toe marker 
for toe clearance 

Right/left toe  
Right/left medial or lateral 
malleolus 
Right/left heel   
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5.6.1.5 WalkAide Programming  

The small number of visits with the study affiliated PT or clinician in charge of 

WalkAide programming (minimum of 3 visits, 2 for initial programming and a third 1 week 

following initial programming) required of all study subjects may have adversely affected StR 

and consistency of stimulation timing. At the beginning of this study, subjects were only required 

to see the PT one week after the initial fitting. Additional visits with the PT were only scheduled 

upon the subject’s request; only one of these early subjects (S5) revisited the PT. As the study 

progressed, it was highly recommended that the subjects revisit the PT the week prior to the gait 

session; the last four subjects were compliant with this recommendation and revisited the PT 

before the gait session. These additional PT visits the week prior to gait analysis likely resulted in 

improved WalkAide programming and the resultant StR and consistency of stimulation timing. 

Three of the last four subjects demonstrated optimal StR’s (i.e. StR=1) for all treadmill 

orientations, confirming that these additional PT visits were beneficial. Therefore the StR and 

variability in stimulation timing for the first four study subjects were likely worst case scenarios. 

5.6.2 Sensors 

5.6.2.1 Skin Movement 

Joint kinematic data are also influenced by marker placement and skin movement. For all 

subjects except S4 and S6, the ASIS markers were referenced to markers on the lateral pelvis for 

more consistent viewing. While the lateral pelvis markers were placed so as to minimize skin 

movement, these markers were not placed on bony prominences and may be subject to increased 

movement errors. These potential movement artifacts also affect the subsequent pelvic orientation 

calculations and hip, knee and ankle joint kinematics as per the PlugInGait model. Such skin 

movement errors, however, are likely less than 4.2⁰ in the sagittal plane [73].  
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5.6.2.2 WalkAide Heel Sensor 

Errors in theoretical heel sensor-based stimulation timing may have been introduced due 

the WalkAide heel sensor itself.  This heel sensor (20 mm diameter) was smaller than the heel, 

and its position was not prescribed by the study PT.  The relative thickness of the sensor (~0.5 

mm) likely introduced plantar stress concentrations, resulting in potentially higher heel loading 

that was more easily detected. Sensor placement (and movement) errors may have affected 

theoretical heel sensor-based stimulation reliability and timing (maximum timing error estimated 

at 0.20 seconds based on F-scan heel sensor box sensitivity analysis for a single subject).  Further 

stimulation reliability and timing errors may have been introduced via the selected heel initiation 

and termination stimulation thresholds, although these errors are likely minimal as the thresholds 

were based upon review of several (3-4) level walking trials so as to minimize potential 

extraneous and/or missed stimulations. Heel sensor-based stimulation reliability and timing data 

based on clinical programming (stimulation initiation/termination thresholds, heel not tilt sensor-

based wait time, minimum/maximum stimulation duration) is recommended to minimize 

potential theoretical heel sensor-based programming errors.   

5.6.2.3 F-scan Insoles 

In the current study, theoretical heel sensor-based stimulation was based on F-scan data 

for subjects S7 and S8. Since the F-scan insole covered the full plantar surface, a 20 mm by 20 

mm box was used to approximate the WalkAide heel sensor (same box location for all treadmill 

trials). This heel box was positioned to encompass the region of peak heel loading (due to 

potential stress concentration due to concurrent placement on mal-functioning WalkAide heel 

sensor, 0.15 mm thick). While potential movement of the F-scan insole was likely minimal, 

potential movement of the mal-functioning WalkAide heel sensor may have occurred; such 

movement errors, however, were likely minimal as the heel box loading remained inclusive of 
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peak forces.  Both the timing and magnitude of the heel sensor loading was also influenced by the 

location of the F-scan heel sensor box, with a maximum error estimate of 0.20 seconds and 0.268 

psi (only 1.4% of the maximum F-scan heel sensor amplitude) based on F-scan sensitivity 

analysis results for a single subject.  

5.6.3 Data Acquisition  

5.6.3.1 Synchronization 

The WalkAide tilt sensor-based stimulation timing parameters, StI and StT, were based 

on the anterior tibialis surface EMG signal (1800 Hz).  As the WalkAide does not provide analog 

output, direct data acquisition of WalkAide stimulation data was not possible. Due to nerve 

conduction (54 m/s [74-75] and muscle conduction velocity (5 m/s [76]), stimulation timing 

delays of 19.7-29.5 msec assuming 0.33-0.5 m travel) may have been introduced to EMG-based 

stimulation timing estimates. Additional stimulation timing errors may be introduced due to the 

low pass filtering (zero-phase digital filter) and threshold detection algorithm.  These potential 

stimulation timing errors, however, were likely less than that which would have occurred if 

WalkAide stimulation data (acquired at 25 Hz) had been used.  

5.6.3.2 Sampling Rate 

Theoretical heel sensor-based stimulation timing estimates were likely affected by the 

modest WalkAide sampling rate (25 Hz, 40 msec sampling interval).  This sampling rate may 

have introduced theoretical stimulation timing errors of ± 40 msec. For subjects S7 and S8 for 

whom the theoretical heel sensor-based stimulation was based on F-scan data, potential 

stimulation timing errors were likely somewhat less as F-scan data were acquired at 50 Hz 

(sampling interval of 20 msec). 
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5.6.4 Signal Processing  

In addition to potential errors in heel strike and toe off event detection due to marker 

placement, additional event detection timing and kinematic errors may have been introduced due 

to digital filtering (Woltring filter) prior to event detection.   Such filtering, although strongly 

recommended prior to numerical differentiation so as to calculate heel and toe velocity, may have 

affected the location of velocity minima and maxima used in the event detection algorithm. The 

motion data were sampled at 120 Hz, so potential errors of 1-2 frames correspond to timing errors 

less than 17 msec.  

5.6.5 Proposed Study Modifications  

5.6.5.1 Enhanced Clinician Involvement 

 In the current study, only a single follow-up clinician visit was required for WalkAide 

programming adjustment; additional visits were encouraged based on subject perceived need.  A 

minimum of 3 visits with the clinician to review WalkAide programming is recommended, with 

one of these sessions to occur one week prior to scheduled gait analysis to optimize programming 

and minimize stimulation variability. 

In addition, it is recommended that the clinician attend the WalkAide gait analysis 

session to confirm WalkAide electrode/tilt sensor placement and programming during over 

ground ambulation.  The clinician might also program the WalkAide for heel sensor-based 

stimulation (setting the heel sensor stimulation initiation/termination thresholds, wait time, and 

minimum/maximum stimulation duration).  This clinical programming would ensure that 

theoretical heel sensor-based stimulation was more clinically appropriate, facilitating clinical 

comparison of the two WalkAide sensor stimulation control options. Subsequent acclimation to 

clinical heel sensor-based stimulation and a second WalkAide gait analysis session might also be 

incorporated.   
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5.6.5.2 Over Ground Versus Treadmill Ambulation 

Over ground walking may reveal temporal differences masked by treadmill ambulation. 

Over ground walking trials would also facilitate comparison of self-selected walking speed with 

the two treatment options, as well as potential acquisition of force plate data for kinetic analysis. 

Such over ground walking trials might augment treadmill walking trials, as treadmill walking 

maximizes the number of gait cycles acquired without introducing fatigue.  The self-selected 

walking speed determined during over ground walking can be used to select a proper treadmill 

walking speed for each subject for each respective treatment. 

The use of an instrumented split-belt treadmill (e.g. Bertec) for gait analysis maximizes 

the number of gait cycles (and study power), minimizes potential fatigue, and enables kinetic data 

acquisition to assess joint moment and power.  For any treadmill gait analyses, subjects should be 

blinded to treadmill speed.     

5.6.5.3 Subject Recruitment and Sample Population Size 

The final recommendation for future studies is to increase the study sample size. Based 

on power analyses, a minimum of 10 subjects is necessary to detect potentially significant 

differences in GA between treatments. Studies investigating toe clearance treatment effects 

should include at least 38 subjects. Similarly, studies contrasting temporal parameters between 

treatments during treadmill walking should include a minimum of 25 post-stroke subjects. 

5.7 FUTURE STUDY 

Based on the results of this study, two hypotheses are suggested for potential future 

study:   

1) Ankle power during PS increases during WalkAide versus AFO ambulation on both level 

and inclined surfaces. 
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Such a study requires kinetic data and might include over ground walking with force plates 

(risk of subject fatigue and limited power due to restricted gait cycles) or incorporate a 

kinetically-instrumented treadmill.  Kinetic analysis might also reveal differences in gait 

symmetry during PS (and LR) that were not apparent during kinematic analysis.  Note that 

as the need for active push-off is reduced for declined walking, declined walking trials need 

not be included. 

2) Clinically programmed WalkAide heel sensor- versus tilt sensor-based stimulation results in 

improved stimulation reliability and more consistent timing during both level and non-level 

walking.   

Clinical heel sensor-based programming requires setting the specific sensor stimulation 

initiation/termination thresholds, the wait time, and the minimum/maximum stimulation 

duration.  Alternatively, the stimulation reliability and timing of the clinically programmed 

WalkAide (tilt sensor) and Bioness (heel sensor), randomly selected, might be contrasted 

after 8 weeks of neuroprosthesis acclimation. 
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CHAPTER 6: CONCLUSION 

 A common gait impairment for stroke survivors is the inability to dorsiflex the ankle 

during swing causing the foot to drag along the floor (i.e. foot drop); approximately 20% of the 

stroke survivors suffer from foot drop. This impairment limits mobility, increases instability, and 

increases the individual’s risk of tripping and falling.  

Foot drop is traditionally treated with an ankle-foot-orthosis (AFO), a solid or articulated 

plastic brace which holds the ankle in a neutral position during swing, preventing the foot from 

dragging along the ground. An alternative treatment is the WalkAide, a neuroprosthesis which 

electrically stimulates the peroneal nerve to activate the dorsiflexors during swing. Without 

structural constraints, the neuroprosthesis may increase ankle range of motion and improve gait 

symmetry and efficacy on both level and non-level surfaces when compared to an AFO, 

enhancing a person’s mobility and safety inside and outside the home.  

 This study used gait analysis to quantify the differences in temporal (SR, gait SI) and 

kinematic (GA) gait symmetry and efficacy (toe clearance) of eight post-stroke individuals 

suffering from foot drop during level and non-level ambulation using a WalkAide and an AFO.  

The neuroprosthesis stimulation reliability and timing were also contrasted for two programming 

options (clinically programmed tilt sensor, theoretical heel sensor programming).  

Research Hypothesis 1: The use of a neuroprosthesis for post-stroke individuals with 

drop foot will improve temporal and kinematic gait symmetry, as well as treatment efficacy on 

both level and non-level surfaces compared to an AFO.  No statistically significant differences in 

temporal symmetry (SR or SI) were observed between treatments, partially refuting this 

hypothesis. Additionally, no differences in knee GA were observed.  Trends (not statistically 

significant) of greater ankle GA during MS and TS with the AFO versus the WalkAide were 

observed. Statistically significant differences in ankle GA during IS between treatments were 

observed, supporting this hypothesis.  Greater (not statistically significant) mean and minimum 
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ankle GA during IS was found for AFO ambulation (all treadmill orientations) when compared to 

the WalkAide.  Significantly greater affected limb toe clearance was observed during level and 

inclined AFO ambulation when compared with the WalkAide, contrary to this hypothesis. 

However, greater toe clearance symmetry was observed during WalkAide ambulation, partially 

supporting this hypothesis. 

Research Hypothesis 2: Non-level walking will adversely affect the WalkAide tilt sensor-

based stimulation reliability and timing.  No statistically significant differences in tilt sensor-

based stimulation reliability were observed between level and non-level walking trials. However, 

four of the eight subjects demonstrated missed/extraneous stimulations (SR ≠ 1) during non-level 

walking, partially supporting this hypothesis; only three of eight subjects demonstrated 

missed/extraneous stimulations during level walking. StI timing occurred significantly closer to 

swing as the treadmill processed from declined to inclined orientations; no statistically significant 

differences in StT timing were observed between level and non-level walking. Although the 

observed changes in StI with level versus non-level ambulation support this hypothesis, these 

changes may be beneficial as StI closer to swing during inclined ambulation may allow for 

greater ankle plantar flexion during PS. 

Research Hypothesis 3: heel sensor versus tilt sensor stimulation control will improve 

stimulation reliability and exhibit more consistent stimulation timing during non-level 

ambulation.   No statistically significant differences stimulation reliability or timing were 

observed between tilt and theoretical heel sensor-based stimulation programming. However, more 

subjects (6/8) demonstrated optimal StR with theoretical heel sensor-based programming, 

supporting but not confirming this hypothesis. Stimulation variability decreased (not statistically 

significant) with the heel sensor-based stimulation, again supporting but not confirming this 

hypothesis. 
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Based on the current study, post-stroke individuals may exhibit increased kinematic ankle 

symmetry and possibly increased gait efficacy (toe clearance symmetry) during level and non-

level community ambulation with a WalkAide instead of an AFO. For post-stroke individuals 

who are household ambulators only and/or demonstrate an inconsistent gait pattern, an AFO is 

likely sufficient to minimize foot drop.  Heel sensor-based programming may provide more 

reliable and consistent dorsiflexion stimulation than tilt sensor-based programming. Additional 

clinical programming sessions may be required to allow increased plantar flexion needed during 

inclined walking. Community ambulators who commonly encounter inclines may benefit from tilt 

sensor-based stimulation. 

The current study also introduced a new measure to assess kinematic asymmetry (GA). 

Unlike previous measures of gait symmetry, SR or SI, the new GA measure also accounts for 

differences in kinematic motion sign (e.g. dorsiflexion versus plantar flexion). Since this measure 

normalizes the difference between limbs by the affected limb joint ROM, it facilitates comparison 

between subjects and joints.  This new GA measure provides a potentially valuable option for 

future comparisons of kinematic asymmetry due to different treatments and/or pathologies.  
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APPENDIX A: Fugl-Meyer Assessment Tasks (adapted from [50]) 
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APPENDIX B: GA for all phases of the gait cycle (swing and stance) 

  

  

  
Figure B1: GA of knee motion for all functional gait phases of all subjects during decline (top), level (middle), and inclined (bottom) 

treadmill walking. 
+, ++ denotes a statistically significant difference (0.05 and 0.01 levels, respectively) 
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Figure B2: GA of ankle motion for all functional gait phases of all subjects during decline (top), level (middle), and inclined (bottom) 

treadmill walking. 
+, ++ denotes a statistically significant difference (0.05 and 0.01 levels, respectively) 
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APPENDIX C: Individual ankle GA during IS, MS, and TS 

 
MS mean knee motion: 

 

 

 
Figure C1: Individual GA for mean knee motion during MS contrasting treatments for 

declined (top), level (middle), and inclined (bottom) walking. 
+, ++ denotes a statistically significant difference (0.05 and 0.01 levels, respectively) 
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TS mean knee motion: 

 

 

 
 

Figure C2: Individual GA for mean knee motion during TS contrasting treatments for 
declined (top), level (middle), and inclined (bottom) walking. 

+, ++ denotes a statistically significant difference (0.05 and 0.01 levels, respectively) 
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IS minimum and mean ankle motion: 

 

 

 
Figure C3: Individual GA for minimum ankle motion during IS contrasting treatments for 

declined (top), level (middle), and inclined (bottom) walking. 
+, ++ denotes a statistically significant difference (0.05 and 0.01 levels, respectively) 
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Figure C4: Individual GA for mean ankle motion during IS contrasting treatments for 
declined (top), level (middle), and inclined (bottom) walking. 

+, ++ denotes a statistically significant difference (0.05 and 0.01 levels, respectively) 
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MS mean and maximum ankle motion:  

 

 

 
Figure C5: Individual GA for mean ankle motion during MS contrasting treatments for 

declined (top), level (middle), and inclined (bottom) walking. 
+, ++ denotes a statistically significant difference (0.05 and 0.01 levels, respectively) 
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Figure C6: Individual GA for maximum ankle motion during MS contrasting treatments 

for declined (top), level (middle), and inclined (bottom) walking. 
+, ++ denotes a statistically significant difference (0.05 and 0.01 levels, respectively) 
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TS mean and maximum ankle motion:  

 

 

 
Figure C7: Individual GA for mean ankle motion during TS contrasting treatments for 

declined (top), level (middle), and inclined (bottom) walking. 
+, ++ denotes a statistically significant difference (0.05 and 0.01 levels, respectively) 
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Figure C8: Individual GA for maximum ankle motion during TS contrasting treatments for 

declined (top), level (middle), and inclined (bottom) walking. 
+, ++ denotes a statistically significant difference (0.05 and 0.01 levels, respectively 
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APPENDIX D: F-scan insole versus WalkAide heel sensor 
 

 

 
Figure D1: Maximum (top) and mean (bottom) F-scan heel box plantar pressure versus 

WalkAide heel sensor loading data. 

 
Figure D2: F-scan heel load duration versus WalkAide heel sensor load duration. 

 
Figure D3: F-scan unloaded heel duration versus WalkAide heel sensor unloading duration. 
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