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Abstract 
As part of a multi-centre trial to investigate the 
effects of a common peroneal nerve foot drop 
stimulator, 24 subjects with stroke, incomplete 
spinal cord injury and traumatic brain injury 
were assessed for suitability for the 
WalkAide2.  Of the 24 subjects who 
participated in the study, 6 are reported on 
who, in the opinion of the investigators, 
derived significant benefit from use of the 
device.  Data is presented on clinical 
presentation, initial assessment findings, gait 
speed and usage patterns. Additionally, 
clinical observations and rationale around the 
fitting of a Functional Electrical Stimulation 
(FES) program for foot-drop may help clinical 
investigators and researchers in future design 
and prescription of FES devices for 
neurological conditions. 
 
1. INTRODUCTION 
Clinician observations and assessments made in 
the course of clinical studies, especially in the 
field of FES are not always reported in the 
literature and yet they have value. They provide 
researchers with clinical insights and 
observations that ultimately may provide a 
better understanding of the reasons for success 
or failure of devices designed to improve gait or 
other functions in people with neurological 
conditions. Clinical observations and analyses 
as to why devices are accepted or rejected by 
the individuals they are designed to help may 
also assist in the decision making process 
around prescription of FES devices. As part of a 
multi-centre study to assess the WalkAide2 we 
screened 24 subjects with a diagnosis of stroke, 
incomplete spinal cord, or traumatic brain 
injury. In the course of this 4-year study we 
gained clinical insights into the application of 
the technology across a diverse group of 
subjects. In this presentation our objective is to 
highlight the results of 6 subjects who benefited 
significantly (beyond investigator expectations) 
from the use of the WalkAide2.  
 

 
 

2. METHODS 

2.1 Study Design 
The WalkAide2 is a new peroneal nerve 
stimulator triggered by a new tilt sensor control 
that measures the orientation of the leg with 
respect to gravity. Essentially, when the leg is 
tilted back at the end of stance, the tilt sensor 
turns on a train of stimuli. When it is tilted 
forward at the end of swing, the stimuli turns 
off. The tilt sensor can be combined with the 
rest of the electronics (hand switch, heel switch 
and computer program) and with a cuff that 
contains the surface electrodes. A customized 
walk is programmed using a hand or heel 
switch trigger, which then creates a walk 
controlled by the tilt sensor. 

As per the study design walking speed was 
assessed under 2 conditions, with and without 
the WalkAide2 (WA2): 1) normal walking 
speed over a 10m straight course 2) normal 
walking speed around a 10m figure of 8 course 
during which physiological cost index (PCI) 
was also calculated 3) Usage (hours/day) and 
numbers of stimulus trains, representing 
steps/day, were downloaded from the WA2 
usage log. The subjects were asked to use the 
WA2 for a period of 3 months. They were 
brought in at 1-month intervals for follow-up 
during which the above measures were 
repeated. Subjective evaluation of the WA2 was 
obtained through a satisfaction questionnaire at 
the end of the 3-months, described elsewhere: 
(refer to Stein et al: “Multi-centre study trial of a 
stimulator controlled by a tilt sensor for foot 
drop”) 6 

2.2 Intervention 
The six subjects reported on were all 
programmed to walk using the tilt sensor as the 
control mechanism for the stimulation. 
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3. RESULTS 

Case Study 1 
27 year old male, 18 months post traumatic 
brain injury, mainly affecting his right side. 
Initial baseline walking speed .2m/sec. He had 
used an ankle foot orthoses (AFO) for walking 
but discontinued it’s use feeling that it didn’t 
help his ambulation. He walked indoors and 
used a wheelchair and later a scooter outside of 
his home. Used the WA2 for approximately one 
year, averaging 400 stimulations/steps per day. 
He was retested at 1- month intervals and 
showed steady improvement until after a 1 year 
of WA2 use he doubled his walking speed with 
and without the WA2. He had also discontinued 
using his cane and the WA2, by his own 
preference, as he felt he no longer needed them 
and only occasionally used the scooter 
outdoors.  Testing at this time showed that he 
had regained dorsiflexion of his affected foot. 
At 2 year follow up he is independently 
walking without a cane at an average speed of  
.5 metres per second, more than double his 
initial speed. 

Case 2 
43 year old female, 1 year post stroke, affecting 
her right side. Was fearful to walk outside of 
her home and around the figure 8 requiring 
contact guard assistance. Initial baseline 
walking speed was .45 m/sec. In the course of 
18 months using the WA2 she doubled her 
walking speed both with and without the WA2 
and no longer required contact guard assist. Of 
note, her average stimulations/steps increased 
from 157 to 2228 steps per day. Continues, by 
her own preference, to use the WA2 on a daily 
basis. 

Case 3 
58 year old man, 5 years post stroke, affecting 
his right side, and 2 years post vascular surgery 
to replace a major artery in his right leg. He was 
limited in his ability to bear weight on his 
affected side for more than 15 minutes, needing 
frequent rests when walking outside of his 
home. Initial baseline walking speed was 
.55m/sec. In the course of a year he increased 
his walking speed to .7m/sec (30%) with and 
without the WA2 and now reports that he can 
walk outside his home several blocks without 
needing a rest. His average stimulations/steps 
per day increased from 310 to 826 steps per 
day. He continues, by his own preference, to 
use the WA2 on a daily basis. 

 

 
  The data on PCI and the “satisfaction 
questionnaire” for these subjects were reported in 
the study by Stein et al.6  

The 3 remaining subjects participated in a 
shortened version of the study in that PCI 
testing and walking speed was not measured 
around the 10m figure 8.  In the opinion of the 
investigators the figure of 8 testing wasn’t 
appropriate because of their physical 
limitations. Two of the 3 subjects required basic 
gait retraining rather than gait correction. The 
notable results for these 3 subjects were: 

Case A  

78 year old female, 14 years post stroke, with 
severe over activity of her tibialis anterior and 
posterior muscles causing pain on weight 
bearing from excessive loading over the lateral 
border of her right foot and ankle. The 
deformity worsened with the distance walked. 
Baseline walking speed was .53m/sec. She 
benefited in particular from the eversion action 
of the WA2 bringing her foot into a plantar 
grade position during stance phase of gait. At  8 
month follow up walking speed with and 
without the WA2, over a straight course, 
improved to .63m/sec (18%).  Her gait was also 
less painful with the more plantar grade foot 
position. Her average stimulations/steps per day 
increased from 581 to 2833 steps per day.  To 
maintain a more painfree walk, she has chosen 
to use the WA2 on a daily basis. 

Case B   

78 year old man, 18 months post stroke, 
affecting his left side. He could stand but was 
unable to step with his affected leg therefore 
baseline walking speed was 0. On initial 
assessment with the WA2, stimulation 
produced a flexion response in his affected leg 
enabling him to take some steps in the parallel 
bars. Initially he underwent a regimen of 
assisted hand switch walks as well as daily FES 
exercise sessions using the WA2 exercise 
mode. After 3 months it was possible to set up a 
tilt sensor controlled walk for this subject. 
Subsequently he gained the ability to walk 50 
metres with standby supervision and is now a 
limited household walker without the WA2.   

Case C A 25 year old male, 18 months post 
traumatic brain injury, affecting his right side, 
and left brachial plexus injury. He demonstrated 
significant spasticity (Ashworth Scale 3) of the 
right gastrocnemius muscle with only fore foot 
contact during stance phase of gait. He required 
contact guarding for all his walking using an 
AFO on the right. His baseline walking speed 
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was .53m/sec. Rather than immediately 
programming his gait he was placed on a gait 
re-education regimen that involved daily FES in 
exercise mode to increase range of motion and 
heel contact in standing1. Subsequently he was 
fitted with a right articulating ankle-foot 
orthoses to provide a more plantar grade foot 
position as well as provide an increase in ankle 
stability on stance. He also practised treadmill 
walking with the WA2 and brace. 3 months 
from his initial visit he was programmed with 
the WA2 in combination with a new 
articulating AFO as this combination provided 
him with the most normalized gait pattern. A 
year later a phenol injection to his right calf 
further improved his gait pattern. Walking 
speed over a straight course did not improve 
using just the WA2 but walking speed with FES 
plus AFO and with just AFO improved to 
.7m/sec. (32%). His average stimulations/steps 
per day increased from 858 to 1922 steps per 
day. He continues, by his own preference to use 
the WA2 with his AFO on a daily basis. Further 
follow-up will determine whether he is 
benefiting from continued WA2 use. 

4. DISCUSSION AND CONCLUSIONS 
With the considerable progress made in recent 
years in the development of FES devices to 
enhance gait it appears the clinician is playing 
an increasing role in the assessment and 
selection of hemiparetic individuals who might 
benefit from this technology. Technology may 
have more widespread application if therapeutic 
considerations are a fundamental part of the 
assessment process. In this study it was 
apparent to the investigators that 1) the 
application of the WA2 technology was 
enhanced with careful clinical assessment and a 
possible prescription of an FES exercise 
regimen prior to setting up the device for 
walking. Subjects in this study greatly 
appreciated the opportunity to use the exercise 
mode of the WA2. 2) use of an AFO can be 
combined with stimulation when stability at the 
ankle and improved heel strike is required.2  
3)consideration of chemical agents to reduce 
spasticity in antagonists may be needed to 
achieve a more plantar grade foot during weight 
bearing.3,4 4) there seems to be a positive 
neuroplastic effect from long-term use of the 
WA2.5 This has been shown in other studies on 
FES and needs further study in subjects who  

regularly use peroneal nerve stimulation for 
walking.  

Very slow walkers and even non-ambulatory 
individuals were shown in this study to 
eventually benefit with meaningful functional 

gains. Adjunct therapy administered prior to 
programming the WA2 appeared to facilitate 
better outcomes. Without a full clinical 
assessment candidates who could benefit from 
this technology might be overlooked.  

 
Clinical Considerations in Fitting the WalkAide2(WA2) 

Pre-ambulation Stage 
1. Assisted hand switch walks to improve gait pattern for setting up tilt 

sensor control. 
2. Assisted treadmill walking with the WA2 to build endurance, work on 

gait pattern. 
3. Daily exercise using the WA2 exercise mode to strengthen and improve 

ROM. 
4. Standing with WA2, weight transferring to improve weight transfer and 

ROM. 
5. Proprioceptive Neuromuscular Facilitation(PNF) treatment with WA2 

stim. to strengthen proximally. 
6. Evaluate benefit of WA2 at the hip to increase the flexion moment for 

stepping. 
7. Assessment of spasticity and benefit of Botox or Phenal for future WA2 

use. 
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