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Abstract  
Study design: Retrospective, quality improvement project. 

Objective: This study explores the effect of functional electrical stimulation (FES) on gait parameters in 

Icelandic citizens with foot drop caused by upper motor neuron (UMN) lesions.  

Methods: Participants were 29 individuals with foot drop that received FES treatment at the National 
Hospital between 2011 and 2019. The recording of baseline data was limited. It was followed by data 

collection from four evaluations over approximately a 28-week period on the following: 10-meter Walk 

test, 6-minute walk test, usage data, complications data, and reasons for continued or discontinued 

treatment. The analysis included descriptive (that included the reporting of minimal clinically important 

difference (MCID) responders) and a Mixed model analysis.  

Results:  The participants’ diagnoses were primarily stroke and multiple sclerosis (MS). No statistically 

significant differences were found for the average gait velocity changes between evaluations. There 

were, however, participants that reached their MCID values. Largest amount of MCID responders with 

FES (eight) and without FES (five) were recorded at approximately 21-weeks and 28-weeks of 

treatment. Largest amount of orthotic effect MCID responders was recorded at approximately 14-weeks 

of treatment (ten MCID responders). Stroke MCID responders were evident in almost all velocity 

evaluations, whereas MS MCID responders were primarily represented in the orthotic effect. Mixed 
model analysis indicated a significant orthotic effect. Post hoc analysis confirmed that the effect was 

only significant in the first three evaluations. No change was found in 6MWT performance and no 

correlation was found between device usage and 10mWT. More than half of participants reportedly 

continued using FES device after last evaluation. Many analyses were low-powered due to missing data. 

Conclusion: The main findings of this quality improvement study suggest that some patients with foot 

drop due to UMN lesions may benefit from FES treatment in agreement with existing literature.  
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Ágrip 

 
Rannsóknarsnið: Afturskyggð gæðarannsókn.  

Markmið: Kanna áhrif rafspelku-meðferðar á göngufærni íslenskra einstaklinga með ristarbeygjulömun 

orsakaða af efri-hreyfitaugaskaða.  

Aðferð: Þátttakendur voru 29 einstaklingar með ristarbeygjulömun sem fengið höfðu rafspelkumeðferð 

á tímabilinu 2011 til 2019. Gagnaöflun fór fram yfir 28 vikna tímabil á meðan meðferð stóð. Við vinnslu 

verkefnisins var notast við niðurstöður úr 10-metra (10mWT) og 6-mínútna gönguprófi (6MWT) ásamt 

gögnum um notkunartíma rafspelku, tíðni fylgikvilla og ástæður þess að þátttakandi hætti eða hélt áfram 

notkun rafspelku eftir 28. viku. Fyrrnefnd gögn var ekki hægt að bera saman við grunngildi sem voru í 

takmörkuðu upplagi. Gögnin voru greind með lýsandi tölfræði (þ.á.m. greiningu á fjölda þátttakenda sem 
náðu breytingu sem samsvaraði minnsta klíníska mikilvæga mun (MCID)) og fjölþætt blandaðri 

dreifnigreiningu.  

Niðurstöður: Flestir þátttakendur höfðu fengið heilablóðfall eða verið greindir með MS. Enginn 

marktækur munur fannst á gönguhraða með og án rafspelku milli mælinga. Þó voru þátttakendur sem 

náðu MCID-breytingu. Flestir þátttakendur náðu MCID-breytingu með rafspelku (átta) í þriðju mælingu 

(u.þ.b. 21-vika af meðferð). Flestir þátttakendur náðu MCID breytingu án rafspelku (fimm) í fjórðu 

mælingu (u.þ.b 28-vikur af meðferð). Flestir þátttakendur náðu MCID-breytingu (tíu) með rafspelku í 

samanburði við gönguhraða án rafspelku í annarri mælingu (u.þ.b 14-vikur af meðferð). Fjölþætt 
blandaða dreifnigreiningin staðfesti að rafspelka hafði marktæk áhrif á gönguhraða þegar gönguhraði 

með rafspelku var borinn saman við gönguhraða án rafspelku. Eftirápróf staðfesti að rafspelka hafði 

aðeins marktæk áhrif á gönghraða í samanburði við gönguhraða án rafspelku í fyrstu þremur 

mælingunum. Frammistöðu breyting í 6MWT var lítil og engin fylgni var milli notkunartíma rafspelku og 

gönguhraða. Meira en helmingur þátttakenda hélt áfram að nota rafspelku eftir að mælingum lauk. Þar 

sem gögn voru heldur gloppót var styrkur tölfræðigreiningar lítill.   

Ályktun: Helstu niðurstöður rannsóknarinnar benda til þess að sumir einstaklingar með 
ristarbeygjulömun geti haft gagn af rafspelkumeðferð sem er í samræmi við fyrirliggjanndi fræði. 
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 Introduction  
Information about the incidence of foot drop in Iceland has never been systematically reported. Foot 

drop is, however, a common gait impairment in stroke patients, but Jakubowitz et al. (2017) reported 

that 14% of individuals that suffer stroke develop a spastic foot drop. Foot drop can affect various 

aspects of gait and decreased gait velocity is well recognized among individuals with foot drop 

(Blazkiewicz, Wiszomirska, Kaczmarczyk, Brzuszkiewicz-Kuzmicka, & Wit, 2017). These 

aforementioned changes in gait velocity can have a far greater impact on the patient as gait velocity has 

been shown to correlate with functional status and general health (Fritz & Lusardi, 2009). Gait speed 

has also been shown to have predictive values on a range of outcome measures, such as response to 
rehabilitation, functional dependence, frailty, cognitive decline, institutionalization and length of 

hospitalization (Fritz & Lusardi, 2009) . 

 Over time, various treatment options for foot drop have been developed to help the patient cope 

with gait impairments, with a main goal to improve gait velocity. Functional electrical stimulation (FES) 
is one of those treatment options. In Iceland, the use of FES as a treatment for foot drop in patients is 

relatively new and not commonly prescribed. This study will explore FES treatment as a treatment option 

for individuals with foot drop in the form of a retrospective quality improvement study.  

 Foot drop   
Foot drop is characterized as the inability to actively dorsiflex the foot during the swing phase of gait, 

which causes the toes to drag along the ground (O’Sullivan, Schmitz, & Fulk, 2014). This limited foot 

clearance can lead to shorter stride length, reduced single limb stance phase, increased risk of falls and 

decreased gait velocity (Blazkiewicz et al., 2017). The inability to dorsiflex the ankle is most often caused 

by weakness in the tibialis anterior muscle, which is the main dorsiflexor of the foot. The tibialis anterior 

is innervated by the peroneal nerve which also innervates the toe extensors and the foot/ankle eversion 

muscles. Depending on the diagnosis, foot drop can be a unilateral or bilateral condition, though bilateral 
foot drop is rarely documented (Kertmen, Gürer, Yimaz, & Sekerci, 2015). Foot drop is never classified 

as a disease but as a symptom of an underlying problem (Aldemir & Duygun, 2017). It can be challenging 

to identify the cause of foot drop as the symptom can be caused by a range of pathological conditions 

that may be localized in the muscle, central nervous system (CNS) or peripheral nervous system (PNS) 

(Baima & Krivickas, 2008; Stewart, 2008). The most common cause of foot drop is, though, due to injury 

or disease in the PNS (Carolus et al., 2019).  

 Upper motor neuron lesions 
Upper motor neurons (UMNs) are neurons in the CNS which initiate and modulate movement. UMNs 

originate in the cerebrum, cross through the brainstem and terminate in the spinal cord. Most of UMNs 

lie in the corticospinal tract that extends between the cerebral cortex and the spinal cord. Injuries to the 

UMNs are known as UMN lesions. UMN lesions prevent electrical impulses from traveling down to the 
lower motor neurons and the connection between brain and muscle is therefore impaired (Emos & 
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Agarwal, 2020). Symptoms following UMN lesions include muscle weakness, spasticity, clonus and/or 

hyperreflexia (Emos & Agarwal, 2020).   

 When foot drop is caused by an upper motor neuron (UMN) lesion, the peroneal nerve is intact 

but the connection between it and the brain is impaired. This impaired connection often appears as a 
weak or paralyzed dorsiflexor muscle. The causes of UMN lesions can be several and the origin of the 

lesion can happen almost anywhere within the CNS. The medical history of people experiencing foot 

drop due to UMN lesions can therefore be quite diverse. For example, many patients with stroke, 

multiple sclerosis (MS), brain tumor, spinal cord injury, spinal tumor and cerebral palsy (CP) may all 

suffer from foot drop as their medical problems often involve UMNs  (Merletti et al., 1978; Stewart, 2008; 

Westhout, Paré, & Linskey, 2007). However, as the majority of participants in this study were either 

patients with stroke or MS, the focus will be on those conditions.  

1.2.1 Stroke  
Stroke is a medical condition caused by a cerebrovascular accident which can lead to an UMN lesion 

(Nolte, 2009). The World Health Organization (WHO) defines stroke as “rapidly developing clinical signs 

of focal (or global) disturbance of cerebral function, with symptoms lasting 24 hours or longer or leading 

to death, with no apparent cause other than of vascular origin” (WHO, 1988, p. 108 ). The two main 
causes of stroke are ischemia and hemorrhage. Ischemic stroke occurs when a vessel is suddenly 

blocked and blood and oxygen perfusion to that part of the brain is significantly reduced. In hemorrhagic 

strokes, a blood vessel ruptures, which also prevents blood perfusion to part of the brain. This reduction 

of blood perfusion in ischemic and hemorrhagic stroke can cause malfunction or even death of nerves 

(Nolte, 2009)  

 Diverse symptoms can be seen after stroke as reduced blood perfusion can occur anywhere 

within the brain and the size of the lesion in the brain tissue can vary between patients (Emos & Agarwal, 

2020). The artery that is most often affected in ischemic stroke is the middle cerebral artery (MCA). The 
MCA and anterior cerebral artery (ACA) supply blood to extensive parts of the brain. They are for 

example, responsible for perfusion to the motor cortex and its UMNs. Lesions that affect the motor cortex 

or the corticospinal tract can often result in contralateral hemiplegia with persistent distal weakness 

(Nielsen et al., 2008; Westhout et al., 2007). Patients with this persistent distal weakness are often 

suffering from  foot drop as they are incapable of actively dorsiflexing the foot. This gait pattern can lead 

to compensatory movement patterns, reduced gait velocity, limited functional mobility and increased risk 

of falls.  

1.2.2 Multiple sclerosis  
Multiple sclerosis (MS) is a demyelinating disease that affects the central nervous system (CNS) (Nolte, 

2009). It is immune system-mediated which leads to damage of the insulating covers of nerve cells in 

the brain and/or spinal cord. This disease, therefore, affects nerve conduction velocity and disrupts the 

communication in the nervous system (Carotenuto et al., 2017; Kidd et al., 1998). Depending on the 
type of MS and the affected region, patients may experience a variety of neurological symptoms 

including cognitive disturbance, visual changes, hemiparesis, ataxia and sensory deficits (Emos & 

Agarwal, 2020). Gait-related impairments are quite common among MS patients and LaRocca (2011) 
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reported that around 41% of MS patients experience difficulty when walking. This difficulty when walking 

can increase the risk of falls and also decrease gait velocity, step- and stride length, swing phase of gait 

as well as increase double support time (Givon, Zeilig, & Achiron, 2009). The primary cause of gait 

impairment among MS patients is the damage to the CNS leading to impaired motor control and 

sensation in lower extremities (Thoumie, Lamotte, Cantalloube, Faucher, & Amarenco, 2005). One of 

the common gait problems that can result from the CNS damage is foot drop.  

 The conservative treatment for foot drop 
The conservative treatment for foot drop is with an Ankle Foot Orthosis (AFO). An AFO is a brace that 

supports the foot and ankle and it extends from the bottom of the foot to upper part of the calf (Hsu, 

Michael, & Fisk, 2008). The AFO is intended to support and control the position and motion of the ankle 

and is often used to compensate for weakness in the dorsiflexor muscles of the foot (Ounpuu, Bell, 
Davis III, & DeLuca, 1996). During the swing phase of gait, the AFO holds the foot in a neutral position 

and prevents the foot from dropping into plantarflexion. This helps with toe clearance and decreases the 

risk of falls. AFOs can be standardized orthoses “off the shelf” or custom modulated and patient 

preference often determines what is utilized.  

 Over the years, many types of AFO have been developed and produced from various materials, 

a plastic AFO being the most common. Two common types of AFO are the rigid AFO and dynamic AFO. 

The rigid AFO is designed to support the weakened or paralyzed foot and to maintain the foot in 
plantigrade position that prevents foot drop during swing phase (Shorter, Xia, Hsiao-Wecksler, Durfee, 

& Kogler, 2011; Yamamoto, Ebina, Miyazaki, Kawai, & Kubota, 1997). It has however some drawbacks 

as it limits the ankle range of motions greatly. The dynamic AFO is different from the rigid one as it is 

characteristically thin, flexible and allows some movement in dorsi- and plantarflexion. All of these 

various types of AFOs are however, based on the same basic idea of supporting the ankle and 

preventing the foot from dragging along the ground while walking (Hsu et al., 2008).  

 As mentioned, AFOs have some disadvantages. There have been studies that have concluded 

that an AFO can cause muscle atrophy and muscle contractures as the AFO limits ankle mobility (Hesse, 
Werner, Matthias, Stephen, & Berteanu, 1999; Lairamore, Garrison, Bandy, & Zabel, 2011). This limited 

ankle mobility can, with time also contribute to stiff gait that leads to stress on muscles and other joints 

of lower extremities (Esposito, Blanck, Harper, Hsu, & Wilken, 2014). The limited ankle mobility with the 

rigid AFO also reduces the push off force in the end of stance phase which makes it harder for the 

patient to propel his weight forward while walking (Crabtree & Higginson, 2009). To get a proper fitting 

AFO with appropriate support and function that does not cause discomfort can be problematic 

(Sakaguchi, 2013). Finding proper shoes that the brace fits into can also be problematic. Later, the 

aforementioned problems can also lead to the development of skin rash as they can cause friction 
between the skin and the orthosis (Chu & Reddy, 1995). However, Canadian Guidelines for the 

treatment of stroke individuals suggest that AFO is an appropriate treatment option for selected stroke 

individuals with foot drop when it is followed with proper assessment and follow-up that verifies its 

effectiveness (Teasell et al., 2020).  

 



4 

 Functional electrical stimulation for foot drop  
FES is a technique that uses low-energy electrical pulses to generate muscle contractions in muscles 

that are paralyzed or weak due to UMN lesion (Popovic, Masani, & Micera, 2016). The FES device 
consists of a small control box and electrodes that are placed near a peripheral nerve. The electrodes 

then activate the nerve by transmitting the low-energy pulses that are produced in the control box. 

 Liberson (1961) was the first to use FES for foot drop in 1961. FES has since been used as an 

alternative treatment option for an individuals with foot drop. When a FES device is used for foot drop, 

electrodes are placed near the peroneal nerve and a heel switch is placed in the shoe under the heel. 

The sensor is then connected to the control box with Bluetooth (or just plugged in) and electrodes are 

placed posterior to the head of fibula and over the belly of the anterior tibialis muscle. When the heel 

switch senses the lifting of the heel, it sends a message to the control box which activates the electrodes 
that stimulate the peroneal nerve. The stimulation of the peroneal nerve activates the dorsiflexors of the 

foot, which leads to toe clearance during the swing phase of gait.  

1.4.1 Functional electrical stimulation parameters  
The parameters of the FES devices are waveform, amplitude, pulse duration, frequency, ramp up/down 
and on/off time (Nussbaum et al., 2017). The most common form of stimulation parameters of FES 

device when used in clinical practice are the biphasic pulsed current waveform with pulse duration at 

200-300 μs, ramp up and down time at 0.5s, amplitude at 10-100mA and the frequency at 20-50 Hz 

(Nussbaum et al., 2017). On/off time is determined by the heel switch. The use of different stimulus 

parameters in the aforementioned range seems though, to have no effect on the clinical outcome (de 

Kroon, Ijzerman, Chae, Lankhorst, & Zilvold, 2005). Parameters should therefore be adapted to the 

patient’s preference that encourages usage of the device. To ensure that the device is appropriately set 

up for each patient it is important that it is set up by an adequately trained professional. The optimal 
usage time for FES device for foot drop varies a lot between studies. For example, Sabut, Sikdar, Kumar, 

and Mahadevappa (2011) reported the greatest gain when the device was used every day for 20-30 

minutes while Bakhtiary and Fatemy (2008) reported that FES treatment for 9 minutes a day had a 

significant effect.  However, most protocols for FES treatment recommend that the individual uses the 

device when walking at least 5 times a week (Cheng, Yang, Cheng, Lin, & Wang, 2010; Yan, Hui-Chan, 

& Li, 2005; Yavuzer et al., 2006) 

1.4.2 Functional electrical stimulation and effectiveness with foot drop  
A search by this author of the research literature prior to 1990 that evaluated the effectiveness of FES 

with foot drop revealed a lack of studies. However, the number of studies about FES effectiveness have 

increased substantially in the last couple of decades, even though there is a limited amount of high 

quality randomized controlled trials (RCT). There are  though, some RCTs that compare FES to AFO 

which show that FES has a similar effect on gait velocity as an AFO (Kluding et al., 2013). These RCT 
studies also suggest that FES should be considered an appropriate treatment for stroke and MS 

individuals with foot drop (Bethoux et al., 2015; Kluding et al., 2013; Miller et al., 2017). FES advantages 

for stroke individuals are not only increased gait velocity, as there have been some studies that suggest 

that FES plays a part in preventing muscular atrophy and may have an effect on activation of the motor 
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cortex, which can possibly induce neuroplasticity (Gargiulo et al., 2011; Hara, Obayashi, Tsujiuchi, & 

Muraoka, 2013; Joa et al., 2012; Khaslavskaia, Ladouceur, & Sinkjaer, 2002). Therefore, FES may play 

an important role in neurorehabilitation after stroke (Nahum, Lee, & Merzenich, 2013). MS individuals 

that use FES show additional benefits other than increased gait velocity, such as decreased risk of falls 

and decreased feeling of exertion when walking (Bulley et al., 2015; Khurana, Beranger, & Felix, 2017). 

Subjectively, FES users seem, in general, to be satisfied with their treatment, as studies have suggested 

that FES users report a higher satisfaction score when compared to AFO users (Bulley et al., 2015; 
Kluding et al., 2013).   

 FES has, however, some drawbacks when used by patients. The most common complaints are 

allergic reactions to electrode pads, the device not functioning in specific contexts (e.g., in water), and 

people often have difficulties with putting the device on (Bulley, Shiels, Wilkie, & Salisbury, 2011). 

However, FES is considered by Canadian Guidelines for individuals with stroke as an appropriate 

treatment option to improve strength and gait function in selected individuals with stroke (Teasell et al., 

2020). However, the Guidelines state the long-term effect of FES treatment is unclear. 
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 Aim 
The overall aim of this retrospective quality improvement study was to examine FES as a possible 

treatment option for Icelandic citizens with foot drop caused by UMN lesion. More specifically, the 

primary aims of this study were to: 

1. Examine and analyze changes in gait velocity with FES device over time by comparing the gait 

velocity from the first evaluation with FES to gait velocity of each subsequent evaluation with 

FES. This analysis included comparison to the MCID value. 

2. Examine and analyze changes in gait velocity without FES device over time (therapeutic effect) 

by comparing the gait velocity from the first evaluation without FES to gait velocity of each 
subsequent evaluation without FES. This analysis included comparison to the MCID value. 

3. Examine and analyze if FES use has an immediate (orthotic) effect on gait velocity in each 

evaluation by comparing gait velocity with and without FES in each evaluation. This analysis 

included comparison to the MCID value. 

The secondary aims of this study are to:  

4. Examine and analyze changes across evaluations in distance achieved during the 6MWT while 

using the FES device by comparing the achieved distance at the first evaluation with achieved 

distance of each subsequent evaluation. 

5. Determine whether there is a correlation between increased walking speed and FES usage data.  

6. Examine how many participants continued using the FES device after the final evaluation as an 

indirect measure of satisfaction. 

7. Report the most common FES usage complications to identify common obstacle to FES usage.     
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 Methods 

 Research design  

This is a single center retrospective quality improvement study. A quality improvement study is designed 

to investigate how an intervention, like FES, can improve the quality of patient care. Results from this 

study type can lead to recommendations that may produce better outcomes. The study was based on 

data collected at the Landspitali University hospital at Grensás rehabilitation center (which will be 

referred to as the National Hospital for this study) over an 8-year period on the use of a FES device in 
patients with foot drop due to an UMN lesion. In this study the the device used for electrical stimulation 

was the Odstock® Dropped Foot Stimulator ODFS pace V1.3 (Odstock Medical Ltd (OML), Salisbury, 

UK). Study findings could lead to recommendations for use of FES that can improve the quality of care 

for these patients. 

 Chronology of treatment and data collection process  
Participants of this retrospective study were a sample of patients with foot drop caused by an UMN 
lesion who had received FES treatments at the National Hospital during the time period from 2011 to 

2019. Most of the treatment referrals for this sample of patients came from physiotherapists practicing 

in outpatient clinics. A few patients were introduced to this treatment option while hospitalized at the 

National Hospital.  

 Data were collected as part of the FES treatment that the patient received. Each patient was 

taught how to use the device in 2-3 visits by a physiotherapist at the National Hospital and the patient 

went home with the device after the second visit. Each patient was then evaluated four times by the 

physiotherapist and her colleague with the goal to evaluate them 6-8 weeks apart. The first evaluation 

was six to eight weeks after the start of FES treatment. However, it should be noted, that limited number 

of participants had available baseline values before FES treatment, the data used in this study was 

therefore data after 6-8 weeks of FES treatment. Patients were advised to start using the device part of 
the day and then progress to using the device during the whole day over the course of 14 days. In each 

evaluation, objective data on gait speed, data usage and endurance were collected, as well as subjective 

data through a self-evaluation questionnaire.1  

 Outcome measures  
The primary outcome measures utilized by this retrospective study were collected by a physiotherapist 

at the National Hospital and included the 10-meter walk test (10mWT) with and without the use of the 

FES device. Secondary outcomes were the 6-minute walking test (6MWT) with the FES device, data 

 
 
 
 
1 The subjective data through the self-evaluation questionnaire was not included in this study‘s analysis due to 
missing data. 
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about the usage of the device and information about complications and why participants discontinued 

or continued their treatment. 

3.3.1 Ten-meter walking test 
The 10mWT is a performance measure that is used to assess walking speed in meters per second 

(m/sec) (Bohannon, Andrews, & Thomas, 1996). The time it takes to walk 10 meters is measured in two 
trials after a practice trial. Gait speed is calculated by dividing 10m with the time taking to walk that 

distance and the two trial gait speeds are averaged. It is optimal that the tested individual is asked to 

walk a longer distance (anything between 12 to 20 meters) to allow for a normal acceleration and 

deceleration phase. These extra meters are added to ensure that the measurement is of the regular gait 

velocity and prevents measurement inaccuracies (Watson, 2002). The 10mWT test can be used to 

measure comfortable and maximal gait speed.  

Gait speed is considered by some physical therapists as the 6th vital sign as research has shown 
that gait speed correlates with health status, function in the community and mortality (Fritz & Lusardi, 

2009). The 10mWT has shown to be a valid and reliable way of measuring walking mobility and disability 

(Dean, Richards, & Malouin, 2001). The 10mWT has also shown to have good validity and test-retest 

reliability for stroke survivors, MS patients and CP individuals (Bahrami, Dehkordi, & Dadgoo, 2017; 

Bowden, Balasubramanian, Behrman, & Kautz, 2008; Tyson & Connell, 2009). The minimal clinical 

important difference (MCID) for stroke survivors is reported to be 0.16 m/sec (Tilson et al., 2010). 

However, when past literature is examined it seems that the use of 0.10 m/sec for individuals with stroke 

is the most commonly used (Dunning, O’Dell, Kluding, & McBride, 2015; O'Dell et al., 2014). Specific 
MCID values for MS patients were not available when this thesis was written. However, a systematic 

review that Bohannon and Glenney (2014) conducted stated that gait velocity change of 0.10 to 0.20 

m/sec could be clinically important for various pathological adult patient groups.  

 In this study during the evaluations, the physiotherapist reportedly measured comfortable 

walking speed. Participants were instructed to walk at a comfortable speed along a marked 20m long 

hallway. Each individual was tested two or three times with and without the FES device and the gait 

velocity was then averaged.  

3.3.2 Six-minute walking test 
The 6MWT measures the distance that a patient can walk quickly in six minutes on a hard and flat 

surface, back and forth along a marked walkway (American-Thoracic-Society, 2002). The tested 

individual is instructed to walk as far as possible in those six minutes and can self-pace and rest as 

needed. The average walked distance of a healthy 60-69 year-old adult is 538 meters for a female and 
572 meters for a male (Steffen, Hacker, & Mollinger, 2002). The test was initially developed to assess 

patients with cardiopulmonary issues but is often used to evaluate functional capacity. The test provides 

valuable information regarding all systems like neuromuscular units, pulmonary and cardiovascular 

systems, blood circulation, body metabolism and peripheral circulation. An increase in walked distance 

between evaluations can indicate improvement in basic mobility (Resnik & Borgia, 2011). Research 

studies have shown excellent validity and test-retest reliability of 6MWT for stroke patients (Flansbjer, 

Holmback, Downham, Patten, & Lexell, 2005; Fulk & Echternach, 2008). The 6MWT has also shown to 
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be feasible and reliable measure for MS patients (Andersson, Asztalos, & Mattsson, 2006; Goldman, 

Marrie, & Cohen, 2008).The MCID in the 6MTW for stroke patients is reported to be 34,4m and for MS 

patients, 53,35m (Paltamaa, Sarasoja, Leskinen, Wikstrom, & Malkia, 2008; Tang, Eng, & Rand, 2012).  

 In this study during the evaluations, the physiotherapist reportedly measured 6MWT with FES 
once every evaluation. Participants were instructed to walk as far as they could back and forth a 30m 

long marked hallway. Participants were allowed to self-pace and rest as needed.  

3.3.3 Usage data and reasons for continued/discontinued usage 
In addition to walking performance, data about usage of the Odstock FES device were collected. The 
device keeps track of the time that the device has been on in hours and minutes, and the number of 

steps the user has taken. The Physiotherapist extracted the usage data from the device each time the 

participant came in for evaluation. After the evaluation, the usage data was reset to zero to keep track 

of the usage for the next evaluation. Information about complications and whether the participant still 

used the device after fourth evaluation were collected from the free text in the physiotherapist reports in 

the Saga medical record system. Information why participants discontinued the use of the device were 

also collected. Information was collected for each participant, even those who had not finished all four 

evaluations.  

 De-identification of data and data collection  
In early November 2019, the physiotherapist at the National Hospital prepared a list of 36 patients that 

had received the FES treatment. In the second week of November, data from each patient´s medical 
record related to their FES treatment were extracted by this investigator into an Excel- and locked Word 

document. Missing data were left blank. Each patient was allocated a number in the beginning of data 

extraction and the name associated with that number was safely kept in the locked Word document in 

a computer at the National Hospital. This was done in order to minimize the risk of identification in the 

Excel document.  

In the Excel document, the following data from each evaluation were recorded;  

1. Patient coded number  

2. Patient age  

3. Etiology of UMN lesion (e.g. stroke, MS etc.) 

4. Dates of their evaluations  

5. Results from the 10mWT with and without the FES  

6. Results from the 6 MWT with the FES  

7. Usage data from the device 

The following data, that were considered more personal, were extracted in the locked Word document;  

1. Information about why some patients quit the treatment before finishing all evaluations. 

2. Information about why the time periods between some evaluations were longer than desired 

(e.g., some of the patients were hospitalized between evaluations). 
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3. Information about various problems encountered by patients during treatment (e.g., difficulty 

finding the appropriate device parameters and problems with finding the right placement for 

electrodes).  

4. Information about the incidence of skin irritation from electrodes.  

5. Information whether the participant still used the device after the fourth evaluation and 

information why participant discontinued usage after all evaluations.  

The data in the medical records were examined again a week later to make sure the data from each 
evaluation in the Excel- and Word document were consistent with the data in the patient´s record.  

 Application of inclusion/exclusion criteria 
When the data extraction was complete, the participants' data was again reviewed, now applying the 

inclusion and the exclusion criteria decided upon for overall analysis 

The inclusion criteria for this study were the following:  

1. Patient was on the list that was provided by the physiotherapist at the National Hospital. 

2. Patient had been diagnosed with UMN lesion. 

3. Patient had received FES treatment in the years 2011-2019.  

Participant main exclusion criteria for this study were following:  

1. Patients with foot drop for reasons other than UMN lesion.  

2. Patients that were missing an excessive quantity of primary outcome (gait speed) data.  

Additional inclusion criteria were applied individually to each stated aim based on the type of analysis 

being performed. The following three inclusion criteria were utilized to address the three primary aims 

regarding average gait velocity change: 

1. In order to determine the effect of FES had on gait velocity with FES over time, a participant 
needed to have data from the first evaluation and data from at least one other evaluation. 

2. In order to determine the effect of FES treatment had on gait velocity without FES over time, a 

participant needed to have data from the first evaluation and data from at least one other 

evaluation. 

3. In order to determine the effect with and without the FES factor had on gait velocity, a participant 

needed to have been measured with and without the FES on the same day. 

The following criteria were utilized to address the secondary aims regarding the 6MWT, the relationship 

between usage data and gait velocity, and the complications and reason for continued and discontinued 

use. 

4. In order to determine the effect of FES treatment on walking endurance, a participant needed 

to have 6MWT data from first evaluation and at least one other evaluation. 

5. In order to determine correlation between FES usage and increase gait velocity, a participant 
needed to have at least usage data from one evaluation.  

6. No additional exclusion criteria ware applied for the analyses of complications and reasons for 

continued or discontinued FES usages.  
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 Statistical analysis   
The demographic analysis was performed and described with frequency numbers and percentages. 

Thereafter in Excel, performance change across evaluations in 10mWT (with and without FES) and 
6MWT were calculated for each individual to evaluate FES effect on gait velocity and performance in 

6MWT.  After these calculations were complete, the average performance changes in 10mWT (with and 

without FES) and 6MWT were calculated to assess the average effect of FES for all participants that 

met the inclusion criteria. Average gait velocity changes in performance in 10mWT with and without FES 

within evaluation were also calculated to evaluate the immediate effect FES had on the gait velocity in 

each evaluation (i.e. orthotic effect).  

 The next part of the descriptive analysis was a visual review of the data to determine which 

participants’ performance change was greater than or equal to the MCID values of 0.10 m/sec for the 
10mWT and MCID of 34.4 m for the 6MWT. If the participant achieved this change, they were identified 

as an “MCID responder”2. Once MCID responders were identified, further visual review identified the 

diagnoses of the MCID responders and possible diagnosis patterns of MCID responders. After the visual 

identification of MCID responders, information was recorded about complications and reasons why 

participant continued, or discontinued treatment were visually reviewed from the physiotherapist reports 

in the medical record system3 

 In order to see if FES device had a significant immediate effect (i.e. orthotic effect) on gait 
velocity in each evaluation and to determine if the gait velocity changes between evaluations were 

significant, data were transferred into R-Jamovi and a Mixed model analysis was utilized. The reason 

that Mixed model analysis was used instead of repeated measures ANOVA was due to the Mixed model 

advantage in dealing with missing values; therefore, all data could be utilized as compared to the 

descriptive analysis above.4 Significance testing was performed on the average performance over time 

with and without FES as part of the Mixed model. Pearson correlation analyses were thereafter utilized 

to analyze the correlation between usage data and change in gait speed. Statistical significance was 

determined by p ≤ 0.05. All tables and plots were created with Microsoft Excel.  

 

 
 
 
 
2 A search of the literature revealed a limited number of studies that report how many participants reach their MCID 
values. There were two studies that reported how many participants were MCID responders, conducted by Sota et 
al. (2018) and O'Dell et al. (2014). 
3 By looking for statements like “The patient reported they stopped using the FES because of….” in the free text in 
the medical record.  
4 Descriptive analysis of data utilized in the Mixed model analyses for the 10mWT with and without FES were 
presented as the number of available data, mean, median, standard deviation, minimum and maximum values (this 
information is found in the appendix 3) 
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 Ethics  
This study was performed by a master student (MSc) in Physiotherapy with supervision from two 

supervisors at the University of Iceland and two advisors from the National Hospital. This study was 
approved by the scientific research committee- and the human research ethics committee (HREC) of 

the National Hospital (26/2019, 28.06.2019), the approval letters is found in Appendix 4 and 5. This 

study collected and extracted information from the medical record system and the master student was 

responsible for the extraction of data under supervision of the advisor. The master student was granted 

access to the medical record system by assess control department at the National Hospital. As this 

study is a retrospective analysis an informed consent from participants was not needed. However, this 

audit involved a slight risk of harm or discomfort to participants and it was therefore, important to 

minimize the risk of participant identification while data were extracted (see further description of that 
extraction process in De-identification of data and data collection chapter above). Only after this, the 

data from the Excel document were shared with the other advisors of this study.  
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 Results 

 Demographics and participant characteristics 
Data from all 36 individuals that had received FES treatment were initially examined for application of 

the inclusion criteria. Seven individuals were excluded after applying the main exclusion criteria: a large 

amount of data was missing and/or foot drop was caused by reasons other than UMN lesion. Data from 
the remaining 29 participants were available for analysis. It should be noted that only a few participants 

had baseline data and so it is not included in the analysis. Table 1 presents the demographics of the 29 

participants, showing the distribution of participants with respect to gender, age, and diagnosis. The 

most common diagnosis was stroke, which accounted for more than half of the participants’ diagnoses. 

A diagnosis of MS followed thereafter with seven participants. The “Other diagnosis” category included 

individuals with brain injury, congenital spasticity, CP, MND, spinal injury and syringomyelia, and 

accounted for the remaining seven participants.  

 

Table 1. Demographics of participants 

 
 *Age when started FES treatment, N = number of participants 

 

General observations of the demographic data revealed that only 18 participants of the 29 included 

participants completed all four evaluations. There were only nine participants with complete data for the 

10mWT and 6MWT throughout the evaluations. Participants that dropped out throughout the evaluations 

were more in the MS group and only one MS individual attended the last evaluation. The average time 

between evaluations was approximately 7 weeks, although there was a fair amount of variability due to 

hospitalization and other complications among participants. Appendix 1 (additional demographics) 

provides further information about participants that dropped out, time period variations between year of 
diagnosis and start of FES treatment, and how many days were between evaluations.  
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  Gait velocity (10mWT) 

4.2.1 Gait velocity changes with functional electrical stimulation  
One of the primary aims of this study was to examine and analyze changes in gait velocity with FES 

across evaluation. Participants included in these average velocity change calculations were required to 

have 10MWT data from the first evaluation and from the at least one other evaluation, both with FES. 

These calculations were used to identify MCID responders. This analysis compared a participant gait 

velocity at each evaluation to their gait velocity at the first evaluation. Table 2 presents the participants’ 

average gait velocity change with the FES device in each evaluation.5 Statistical testing with the Mixed 
model analysis indicated that there was no statistically significant increase in average gait velocity 

between evaluations. 

Table 2 also presents the average gait velocity of the participants included in the analysis and 

the number of participants that were considered MCID responders at each evaluation. The largest 

average velocity change did not reach the pre-determined MCID value of 0.10 m/sec. There were, 

however, individuals that reached their MCID value between evaluations as evidenced in the last 

column.  

 
 
Table 2. Average gait velocity changes with FES device 

 
*approximate number of weeks of FES treatment, N = number, Avg. = average, MCID = minimal clinical important 
difference 
 

 

 
 

 

 
 
 
 
5 It should be noted that the N (second column) indicates the number of participants included in the respective 
analysis. However, it cannot be assumed that the same participants are used in each evaluation average change 
calculation. For example, some participants had missing data from the second evaluation but not from the third 
evaluation; they were, therefore, not eligible for the average velocity change calculation from the first to the second 
evaluation but were eligible for the average velocity change calculation from the first to the third evaluation.  
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Figure 1 presents further information about the diagnosis of each MCID responder. It shows that there 

were responders from all three diagnosis groups and that many of responders at a certain evaluation 

were also a responder in a subsequent evaluation. Although only four participants were MCID 

responders in the last evaluation and all were with the diagnosis of stroke, it should be noted that only 

one MS participant from the whole study showed up for the last evaluation. 

 
 

 
Figure 1. Repeat and additional MCID responders with FES between evaluations.  

  
  



16 

4.2.2 Gait velocity without functional electrical stimulation   
The second primary aim of this study was to examine and analyze changes in gait velocity without FES 

across evaluations. Participants included in these average velocity change calculations were required 

to have 10MWT data from the first evaluation and from the at least one other evaluation, both without 

FES. These calculations were used to identify MCID responders. The analysis compared a participant's 
gait velocity at each evaluation to their gait velocity at the first evaluation. Table 3 presents the average 

gait velocity change of the participants without the FES device in each evaluation.6 Statistical testing 

with the Mixed model analysis indicated that there was no statistically significant increase in average 

gait velocity without FES between evaluations.  

  Table 3 also presents the average gait velocity of the participants included in the analysis and 

the number of participants that were considered MCID responders at each evaluation. The greatest 

average change without the FES device (0.06 m/sec between first and fourth evaluation) of this study 
did not reach the participants MCID value of 0.10 m/sec. However, there were, individuals that reached 

their MCID value between evaluations as seen in the last column. 

 

 
Table 3. Average gait velocity changes without FES 

 
* approximate number of weeks of FES treatment, N = number, Avg. = average, MCID = minimal clinical important 
difference 

 
 
 
 
 
 
 
 
 

 
 
 
 
6 Pooled group averages, may or may not include results from the same participants  
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Figure 2 presents further information about the MCID responder’s diagnosis, in addition to information 

about which participants maintained their MCID value across evaluations. It can be seen in the figure 

that there were responders from all three diagnoses groups, but no participants continued to be an MCID 

responder across all evaluations.  

 
 
 

 
Figure 2. Repeat and additional MCID responders without FES between evaluations 
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4.2.3 The effect of functional electrical stimulation within an evaluation  

The third and the last primary aim of this study was to examine and analyze changes in gait velocity 

with and without FES device in each evaluation, which is often referred to as an orthotic effect. 
Participants included in this average gait velocity change calculation, designed to identify MCID 

responders, needed to have data from 10mWT with and without FES from at least one evaluation. Table 

4 presents information about participants average gait velocity change with the FES device compared 

to gait velocity without FES for each evaluation.7 In the table, the number of participant’s data available 

for the average change calculation, the analyzed participants’ average gait velocity with and without 

FES in each evaluation, and the information about how many participants counted as an MCID 

responder is also presented. The greatest average changes were close to the MCID value and almost 
half of analyzed participants reached their MCID value in the second and third evaluation.  

 

 
Table 4. Average gait velocity change with and without FES device in each evaluation 

 
 

 
 

 
 
 
 
 
 

 
 
 
 
7 Pooled group averages, may or may not include results from the same participants  

 

* approximate number of weeks of FES treatment, N = number, Avg. = average, MCID = minimal clinical important 
difference, +FES = with FES, -FES = without FES 
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Further information about the MCID responder’s diagnosis are presented in Figure 3 in addition to 

information about which participants maintained their MCID value across evaluations. As can be seen, 

there were responders from all three diagnosis groups and nearly half of all analyzed participants in the 

second and third evaluations counted as MCID responders. It is also noteworthy that there were two 

participants (both stroke) that counted as an MCID responder in all four evaluations and that the two MS 

participants that reached their MCID value in the first three evaluations did not finish the fourth evaluation 

for unknown reasons. 

 
 

 

Figure 3. Repeat and additional MCID responders for the orthotic effect between evaluations 
 

To further evaluate whether the FES had a significant orthotic effect on gait velocity within each 

evaluation and to analyze if changes in gait velocity between evaluations were significant, a Mixed model 
analysis was utilized. All 29 participants available 10mWT data were used in this analysis.8 The results 

from the Mixed model analysis indicated that there was a significant change in gait velocity with FES 

compared to gait velocity without it (orthotic effect) (p = < .001). There was also a significant change in 

gait velocity between evaluations when results of 10mWT with and without FES were combined together 

in each evaluation (p = 0.011). However, no interactions were found between the factors “with and 

without FES” and “evaluation” (p > 0.05); that is, the immediate difference in gait velocity seen with the 

application of FES was not dependent on the change in gait velocity between evaluations and that the 

 
 
 
 
8 The Mixed model is a statistical analysis for repeated measures that deals with the limitation of missing values 
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change in gait velocity between evaluation was not dependent on the factor “with or without FES”. The 

simple effect post-hoc test than stated that the immediate (i.e orthotic) effect of FES was only significant 

at the first evaluation (p = 0.025) and second and third evaluations (both p < .001), This meant that the 

orthotic effect was significant up to 18-21 weeks of treatment but not after that. Figure 4 presents the 

effect plot generated by the Mixed module analysis results. The effect plot gives a visual view of the 

mean response value at each evaluation with and without FES. It. In the plot, the immediate effect (i.e 

orthotic) of the FES is shown and visual observation of the slopes illustrate how the use of the FES was 
significant in the first three evaluations but not in the fourth. The overlap in confidence intervals between 

measurements can also be seen, showing the variability of the data. 

 

 
Figure 4. Effect plot 
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 Six-minute walking test (6MWT)  
One of the secondary aims of this study was to examine and analyze changes across evaluations in 

distance achieved during the 6MWT while using the FES device. Participants included in this descriptive 
analysis of average performance change calculation needed to have 6MWT data from the first 

evaluation and at least one other evaluation. Table 5 presents information about participants’ average 

performance change in 6MWT with the FES device in each evaluation compared to the participant’s 

performance in first evaluation.9 It should be noted that no significant change was found between 

evaluations. In the table, the average achieved distance of the participants included in the analysis and 

the number of participants that were considered MCID responders at each evaluation is also presented. 

Overall, the participant’s average change was far under the MCID value of 34.4 m. Due to a low number 

of participants that reached their MCID values, the visual review of which participants maintained their 
MCID change across evaluation was not addressed. 

 
Table 5. Average performance change in Six-minute walking test 

 
 
 
 
 
 
 
  

 
 
 
 
9. Pooled group averages, may or may not include results from the same participants  
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 Correlation between functional electrical stimulation usage data and 
gait velocity  

The second secondary aim of this study was to determine whether there is a correlation between 

increased walking speed and FES usage data in minutes. The Pearson correlation analyses determined 

that no correlation was found between device usage and performance in 10mWT with FES (r = -.167, p 

= >0.05) and without FES device (r =.006, p = >0.05). Table 6 presents descriptive information about 
data used in the correlation analyses. As shown in the table the correlation analysis was low powered 

as a large amount of usage data were missing, especially in the first evaluation.  

 

Table 6. Descriptive FES usage data 

 
 
 

 Functional electrical stimulation usage and complication reports  
The final secondary aim of this study was to examine how many participants continued using FES device 

after the fourth evaluation and to report the most common FES usage complications that were reported 

in the medical record system. For this analysis, data from the free text written into the medical record by 

the physiotherapist in regular progress notes for all 29 participants were used. The visual inspection of 
the data revealed that the physiotherapist reported that there were 16 participants that continued using 

the FES device after their last evaluation. There were four participants that returned their FES device 

after months of usages and the free text response indicated that they did this because they felt they did 

not need the device anymore due to improved gait and function. There were also three participants that 

reportedly returned their FES device, as it did not suit them anymore due to health-related problems and 

decline in function. Despite that the majority continued using the device, there were some participants 

that faced complications during their treatment that were documented by the physiotherapist. Five 

participants developed skin irritation from the electrodes and six participants quit their treatment as they 
were having difficulties finding the appropriate device parameters, could not manage the development 

of skin irritation and/or were having problems with finding the right placement for electrodes.  
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 Discussion  

This study’s overall aim was to retrospectively examine data collected during FES treatment of 

individuals with foot drop caused by UMN lesion to evaluate FES as a possible treatment option in 

Iceland. To the best of the author’s knowledge, this is the first study in Iceland performed on the effects 
of FES on gait velocity. The main findings of this study suggest that some individuals may benefit from 

FES treatment as evidenced by an increase in some individuals gait velocity when comparing gait 

velocity with FES to gait velocity without FES in the same evaluation (orthotic effect). The results also 

suggest that this immediate benefit on gait velocity may be maximized at 18-21 weeks of treatment 

(equivalent to the third evaluation in this study). Patients with stroke and MS were both MCID responders 

when examining the orthotic effect; however, patients with stroke were more consistent MCID 

responders when using FES over the four evaluations. Despite the little correlation between gains in 

gait velocity and usage of FES, usage data indicated that individuals continued use of the FES device, 
which may suggest that FES may have attributed to other aspects than those included in this study. The 

strength of this study was limited due to low power and missing data. The findings of this study have 

shed some light on the effects related to the use of FES in neurological patients with foot drop. Findings 

highlight the importance of continuous monitoring of the effects of the FES on gait parameters, as well 

as the effects of other interventions that are routinely administered in everyday clinical practice.  

 Demographics 
Of the 29 participants in this study, the majority were individuals with stroke or MS and were between 

50 and 70 years old. It should be noted that the grouping of all of these UMN diagnosis together can 

cause problems as UMN disease are either progressive or non-progressive diseases (Emos & Agarwal, 

2020). As stroke is considered a non-progressive disease and MS is considered a progressive disease, 

the results of this study should be interpreted in consideration of that fact. There are though, studies that 

investigate FES effect among individuals with UMN lesion (Barrett & Taylor, 2010; Taylor, Humphreys, 

& Swain, 2013). However, the majority of research on FES explores the effects of FES on a specific 
diagnosis (e.g., stroke). If these studies did compare MS and stroke participants, they had adequate 

numbers of both types of participants, a situation not true of the current study.  

 Gait velocity  

5.2.1 Gait velocity changes with functional electrical stimulation    
Although the average change in velocity with FES was not significant across evaluations, the timing of 

the largest average change from the first to the third evaluation (at approximately 18-21 weeks of 

treatment) was similar to what has been seen in other studies. There have been conducted studies that 

report a gradual increase in gait velocity with FES device over the first 18 weeks, but mostly unchanged 
after that. For example, in a retrospective study conducted by  Barrett and Taylor (2010), the authors 

measured the maximum change in gait velocity among their individuals with stroke and MS at the 18th 

week of FES treatment. Kluding et al. (2013) reported similar results in their study that compared AFO 
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and FES treatments, as their individuals with stroke reached their peak gait velocity between 12 and 18 

weeks. 

 However, not all studies agree that the peak point is at the 18th week. For example, Taylor et al. 

(2013) reported gradual increases in gait velocity from the start of FES treatment to the 30th week. Their 

long-term follow-up (0-12 years) also revealed that individuals with stroke continued to increase their 

gait velocity slightly over the years with continued use of FES. However, Taylor et al. (2013) did not 

record this small increase was among their MS individuals, who reached their peak gait velocity after 30 
weeks, and only maintained their gait velocity over the years with continued use of FES.   

  The group analyzed in the current study consisted of patients with both stroke and MS. The 

evidence about the amount of FES effect on actual gait speed for different diagnosis groups is 

conflicting. There have been studies that suggest the FES effect on actual gait speed after 18-30 weeks 
to be similar among individuals with stroke and MS, while other studies suggest the effect of gait speed 

is different for these two diagnoses. First, a randomized controlled trial conducted by Taylor, Mann, 

Jolley, and Swain (2007) reported an effect of FES on gait velocity among individuals with stroke with 

the average increase of 0.11 m/sec after 3 months of FES treatment. Then, in a comparative, 

retrospective study Taylor et al. (2013) reported that the FES effect on actual gait speed to be dissimilar 

in MS and stroke groups, with the average increase among stroke individuals being 0.15 m/sec but the 

average increase among MS individuals only being 0.02 m/sec after 30 weeks of FES use. However, a 

systematic review on FES effectiveness for individuals with MS conducted by Miller et al. (2017) reported 
a larger effect than Taylor et al. (2013) among MS individuals, with the average increase with FES over 

time being 0.08 m/sec. Although the average gait velocity increase in the first three evaluations (0.06 

m/sec) was statistically insignificant, it is comparable or slightly lower than in Miller et al studies for MS 

but not as high as the values reported by Taylor, Mann, Jolley, and Swain (2007) and Taylor et al. 

(2013). However, it should be noted that the results of studies that were conducted by Taylor and Swain 

that are referenced here may be biased and represent a financial interest as the authors are listed as 

founders and owners of the patent for the Odstock FES device (Taylor et al., 2013). The discussion 

regarding the gait velocity MCID responders is provided below in section 5.2.4. 

5.2.2 Gait velocity changes without functional electrical stimulation  
Although the average change in velocity without FES was not significant across evaluations, the greatest 

average change of 0.06 m/sec was in agreement with other studies that report changes in gait velocity 

without FES device among stroke individuals. However, the average change of this study was somewhat 
lower than other studies report which may partly be explained by the grouping of all diagnoses group in 

the statistical analysis. Kluding et al. (2013), for example, reported the average change of 0.10 m/sec 

without FES among their  individuals with stroke after 30 weeks of treatment. Barrett and Taylor (2010) 

also reported the average change of 0.10 m/sec without FES, but only after 18 weeks of FES usage and 

Taylor et al. (2013) recorded the effect of 0.11 m/sec after 100 days of usage.  

 The existence of this change in gait velocity without FES seems though to be dependent on 

diagnosis as most studies do not recognize this change among MS individuals (Barrett & Taylor, 2010; 

Kluding et al., 2013; Miller et al., 2017; Street, Taylor, & Swain, 2015; Taylor et al., 2013). Reasons why 
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this change is recognized among stroke individuals but not among MS individuals can be several. One 

theory is based on the therapeutic effect, that is, changes in walking performance without FES after 

regular and prolonged FES use. This therapeutic effect is well known among stroke individuals and is 

often recognized after weeks of FES treatment, the time period of greatest therapeutic effect though, 

often varies between studies as discussed earlier (Barrett & Taylor, 2010; Kluding et al., 2013; Taylor 

et al., 2013).  

 Why this effect is not recognized among MS individuals is not 100% clear but the fact that MS 
is a degenerative disease may be a factor. There have also been theories that the therapeutic effect is 

due to the FES effect an activation of the stroke individuals motor cortex that induces neuroplasticity 

(Everaert, Thompson, Chong, & Stein, 2010). Some authors have suggested that FES treatment may 

have other beneficial effects: for example, some studies suggest that FES maintains MS individual 

mobility and prevents extreme decreases in gait velocity for the long run with continued FES usage 

(Street & Singleton, 2018; Swain & Taylor, 2004; Taylor et al., 2013).  

5.2.3  The effect of functional electrical stimulation within an evaluation  
When the gait velocity with FES device was compared to the gait velocity without it in each evaluation, 

it was seen that FES had an orthotic effect.10 The greatest orthotic difference was recorded in the second 

and third evaluation, with the average increase being 0.09 m/sec and 0.08 m/sec (see Table 4. The 

Mixed model analysis confirmed that FES had a significant effect on gait velocity compared to without it 

and the simple effect post-hoc test confirmed that the difference was significant in the first three 

evaluations (around 18 to 21 weeks of treatment), but not in the last evaluation.  
 The existence of the orthotic effect seems to be well recognized among MS and stroke 

individuals and the orthotic effect does not disappear with time, although the magnitude of the effect 

can diminish a little after prolonged FES use (Kottink et al., 2004; Miller et al., 2017; Scott, van der 

Linden, Hooper, Cowan, & Mercer, 2013; Stein et al., 2010). For example Taylor et al. (1999) reported 

the orthotic effect of 0.08 m/sec among their MS individuals after four and a half months of FES 

treatment and Kluding et al. (2013) reported the orthotic effect of 0.08 m/sec among their individuals 

with stroke after 30 weeks of treatment. These previous findings in the literature only partly correlate 

with the results of this study, as this study did not report a significant orthotic effect in the last 
evaluation (after approximately 24-28 weeks of treatment). In this study, a significant orthotic effect 

was though, recorded in every diagnoses group in the first three evaluations as shown in Figure 3. 

However, it is noteworthy, that the participants that gained the greatest gait velocity change with FES 

in the last evaluation were only participants with stroke, although it should also be noted that the three 

 
 
 
 
10 Orthotic- and therapeutic effect are concept that are often discussed together. The therapeutic effect is 
described as the change in a variable (gait velocity) over time, measured without FES device. The orthotic effect 
is then described as the immediate variable (gait velocity) change with the device on which, is observed at any 
given time.  
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MS participants with the largest gait velocity change in the third evaluation did not finish the fourth 

evaluation for unknown reasons.    

5.2.4 Reporting of minimal clinically important difference responders    
The MCID is a concept used to determine the patient acquired outcome scores that reflect changes in 

a clinical intervention which are meaningful for the patient (Cook, 2008). In this study, none of the 
calculated participants’ average change, with or without FES over time in the 10mWT reached the MCID 

value. However, the statistically significant orthotic effect of FES recorded in the second evaluation, with 

the participants average change of 0.09 m/sec, nearly reached the MCID value (0.10 m/sec).  For each 

of the three aims involving gait velocity, there were MCID responders. This meant that the use of FES 

was improving their gait velocity in such a way that it made a meaningful difference at that evaluation. 

The question of whether the FES was making a clinically significant difference in their gait velocity over 

time is harder to answer due to missing data, lack of a control group, and other contributing factors. It 
should be noted that it was often helping the same people from evaluation to evaluation (see Figure 1,2 

and 3).  

In this study, most of the participants that counted as MCID responders for therapeutic and 

orthotic effect were individuals with stroke. This is partly in agreement with the aforementioned study 

conducted by Taylor et al. (2013) that reported greater gait velocity change with FES over time and 

greater therapeutic effect among individuals with stroke, compared to individuals with MS. The reason 

that stroke individuals might have more favorable results could be further investigated but the 

nonresponse of patients with MS is perhaps partly due to the fact that MS is a degenerative disease. 
However, the number of MCID responders with MS for the orthotic effect was noticeably high in the first 

three evaluations. In the last evaluation no MS individual counted as a MCID responder, but only one 

MS individual showed up for the fourth evaluation. It could, therefore, be speculated that the FES orthotic 

effect may be similar among individuals with MS and individuals with stroke.  

  The reported number of MCID responders in FES studies is uncommon and a search of studies 

that report 10mWT MCID responders when this thesis was written produced a limited result. The search 

revealed two studies that investigated participants that reached their MCID values and identified these 

participants as a MCID responders (O'Dell et al., 2014; Sota et al., 2018). However, as these two studies 
used different methods it was difficult to compare them with the results of this study. Even though the 

reporting of MCID responders seems to be uncommon, some studies do report their participants MCID 

values and some of them determine whether their pooled gait velocity change did meet the value or not 

(Bethoux et al., 2015; Dunning et al., 2015).  
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 Six-minute walking test  
No significant changes in performance in the 6 MWT with FES between evaluations was found in the 

current study. The descriptive participants average change calculation suggested that the average 
change between evaluations was much lower than the MCID value of 34.4m. In the literature, studies 

that evaluate FES effectiveness on longer distance walking performance among MS individuals are few 

and results of the available studies differ. It seems also to be challenging to compare the different results 

on longer distance walking test between studies for the MS individuals as there is a lack of consistency 

in the time used to assess the longer distance walk (2 min, 4 min, 5 min etc.) (Dapul & Bethoux, 2015). 

For example Paul et al. (2008) reported that FES did have a significant effect on performance in 5-

minute walking test (5MWT) with FES over time. However, the results from Scott et al. (2013) stated 

that FES had no effect on MS individual performance in 6MWT. The findings in the literature about FES 
effect on stroke individuals is in more agreement as most studies agree that FES has some effect on 

performance in 6MWT. For example, Bethoux et al. (2015) reported the average change of 26.83 meters 

among their individuals with stroke after 12 months of usage. Pereira, Mehta, McIntyre, Lobo, and 

Teasell (2012) reported an average change of 33 meters after six months of FES usage. Based on these 

previous findings it would have been interesting to see if this change in 6MWT performance would have 

been recognized after 6 or 12 months among the participants of this study. There are, though, relatively 

few studies with the primary aim to investigate FES effect on 6MWT as most studies list the test as a 
secondary outcome. More high-quality research is therefore needed to determine FES effectiveness on 

performance in 6MWT.   

 Correlation of functional electrical stimulation usage data and gait 
velocity  

No correlation was found between FES usage data and increase in gait velocity in this study (See section 

4.4). However, this study was low powered as large quantities of usage data was missing. The search 

of studies that evaluate the correlation between FES usage and increase in gait velocity when this thesis 
was written produced no results and the collection of usage data from the FES device seems not to 

appear in previous studies. The one study found that reported usage of the device stated no correlation 

between gait velocity and FES usage but the investigators only assumed usage if the patient reported 

they were still using the FES device. This is, therefore, a topic that should be investigated more in future 

studies.  

 Functional electrical stimulation usage and complication reports 
The physiotherapist at the National Hospital reported in the medical record system that 16 participants 

continued their use of the FES device, four participants discontinued FES use due to improved function 

and gait, and three participants discontinued FES use due to impaired mobility as a result of health-

related problems. Six participants discontinued treatment due to aversions to treatment. These results 
are partly in agreement with what Taylor et al. (2013) found. In their retrospective study, they 

investigated 126 individuals with foot drop caused by UMN lesion that had initiated FES treatment in the 

year 1999. The reason for dropout in their study were similar to the current study as the majority dropped 

out because of improved gait and function, impaired mobility, non-related medical problems and 
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difficulties with the device. Taylor et al. (2013) study also reported that the greatest number of drop-outs 

due to impaired mobility were individuals with MS, which was also seen in the current study. 

 When it comes to treatment satisfaction, previous literature shows that when FES treatment is 

compared to the AFO treatment the FES users report a higher user satisfaction scores (Bulley et al., 
2015; Kluding et al., 2013; Prenton, Hollands, Kenney, & Onmanee, 2018; Renfrew et al., 2019). This 

is somewhat in agreement with this study results as reportedly more than half of participants continued 

using FES after the fourth evaluation, which suggest other treatment benefits than those evaluated in 

this study. It is, unlikely that participants would go through the effort of applying the device daily, if they 

did not believe it was helping them in some way. However, there seems to be a lack of high-quality 

studies that investigate FES user’s satisfaction with their treatment, which may be an interesting area 

to look further into in future studies. 

 Research and clinical implications  
Previous studies, including the results from this study, indicate that FES has a positive effect for some 

individuals on gait parameters, especially on gait velocity. Studies that have investigated FES treatment 
compared to AFO have also shown promising results and FES seems to be equally as good a treatment 

option for foot drop, as it has a similar effect on gait parameters (Bethoux et al., 2015; Kluding et al., 

2013; Prenton et al., 2018; Renfrew et al., 2019). The current study confirmed the orthotic effect up to 

18-21 weeks and showed that some participants were benefitting from the treatment based on the MCID. 

Based on these promising effects of FES and the fact that FES treatment is not inferior to AFO treatment, 

FES may be considered a possible treatment option for individuals with foot drop due to an UMN lesion. 

There are at least no reasons that therapists cannot instruct their patients in the use of FES and have 

them go through a trial period to see if it is effective. 

However, the therapist has to be aware of FES treatment as a treatment option. Auchstaetter 

et al. (2016) found that the majority of physiotherapists rarely or never use FES in their treatment of 

stroke patients, although a majority indicated they would like to be able to. Their research also revealed 

that the barriers to FES use were lack of access to resources, equipment, and training. If these issues 
are thoroughly addressed, it may promote increased awareness of FES as a treatment option. One way 

to increase awareness here in Iceland can perhaps be done by promoting educational courses about 

FES treatment at the National Hospital. Even though there may be a lack of awareness about FES as a 

treatment option, this study’s promising results should encourage clinicians and researchers to further 

investigate the effect of FES on foot drop. 

 Research areas that should be interesting to investigate further are the FES effect on quality of 

gait. For example, foot drop individuals may experience social discomfort due to the fact that their gait 

is asymmetric and lacks smooth movement. It would therefore be interesting to investigate FES effect 

on quality of gait in addition to how participants experience FES effect on quality of gait. FES effect on 

risk of falls should also be interesting area to investigate as foot drop individuals are at higher risk of 

falling. 
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 Strengths and limitations of the study  
To the best of this author’s knowledge, this is the first study that reported on the effect of FES treatment 

on foot drop caused by UMN lesion in Iceland. It is part of a larger on-going project, as data about FES 
treatment are still being collected at the National Hospital. This study looked at both objective 

parameters (gait speed, 6MWT, usage time) and participant responses to the FES device with respect 

to continued use. It provided evidence that FES may have had a positive but possibly time-limited effect 

on gait speed in patients with UMN lesions, adding to the literature. The study corroborated reasons for 

non-usage of FES mention in the literature but also reported that half of the participants were still using 

the FES. These results seem to suggest that FES could be considered as a treatment option for these 

patients in Iceland.  

 The study also had some major limitations relating to low number of participants, the large 

quantity of missing data and lack of baseline values. In the future, the limitation of the low number of 

participants can be addressed by continuing research at the National Hospital. The issue of missing 

data was due to multiple reasons, known and unknown. As this was a retrospective study, the data used 
in this study was collected by a physiotherapist at the National Hospital as a part of the FES treatment. 

The physiotherapist’s goal was to evaluate each participant four times, 6-8 weeks apart, with the last 

evaluation at the 24th to 28th week. However, this was not always possible due to unexpected 

hospitalizations and other medical complications among participants. These complications may have 

affected the time period between evaluations, as some of the complications had serious consequences 

(hospitalization, bone fractures, etc.).  

The fact that all of these UMN conditions were grouped together in this study’s statistical analyses 

is also a limitation. The high number of participants that dropped out of the study, especially in the MS 

group, was also a limitation. The reason for dropping out was not always clear, as many of the 

participants who dropped out of the study reportedly continued using the FES device after the study was 

completed. Other limitations are that this study included only certain functional parameters and that 

there was a lack of a control group and randomization. As no control group was used in this study, it 
cannot be ruled out that the improvements on walking parameters seen between the first and final 

evaluation were not a result from continuing recovery of the stroke patient. 
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 Conclusion  
The main aim of this retrospective study was to examine FES as a possible treatment option for 

individuals with foot drop caused by UMN lesion in Iceland. However, this study was low-powered due 

to limited data, which may have affected the statistical testing. The conclusions of this study must 

therefore be treated with some caution. The main findings of this study suggest there may be some 

benefits to FES treatment for some individuals. The application of FES may have an immediate effect 

on gait velocity up to around 21 weeks of FES treatment. There were participants that counted as an 

MCID responder in all diagnosis groups, but it appeared that patients with MS mainly benefitted from 

the orthotic effect. The suggestion of this retrospective quality improvement study is that some patients 
with foot drop due to UMN lesions may possibly benefit from FES treatment. Future studies should 

continue to confirm this benefit and examine further which patients benefit most from FES. 
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Appendix 1: Additional demographic information 

Information about Participants that dropped out throughout the evaluations  
Information about the participants that dropped out throughout the evaluations are presented in the table 

below. In general, there were eleven participants that did not finish all evaluations. There were five 
participants that only finished the first evaluation, two participants that only finished the first two 

evaluations and three participants that finished three evaluations. For one participant, data from the first 

evaluation were missing for some unknown reason. The reason why these participants did not finish all 

of the evaluations varies between them. There were six participants that were having troubles with the 

device and decided that they did not want to use FES. The other five participants are still using the 

device today but didn´t finish the evaluations for some unknown reason.  

 

 
 
 
 
Variation of time period from diagnoses to start of treatment 
Time period from diagnosis and start of FES treatment varied greatly between participants. The time 

period being the longest among participants that have congenital disease and participants in the MS 

group. In the stroke group the length of the time period from diagnosis to start of FES treatment varied 

quite a lot, as some started their treatment the same year as they suffered the stroke and other started 

their treatment a decade after their stroke.  
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Variation of time (in days) between evaluations   
Approximately 6 to 8 weeks were supposed to pass between each evaluation which was not always 

possible due to complications among participants between evaluations (hospitalization, bone fracture, 
etc.). The greatest time recognized between evaluation was 209 days (an individual that was 

hospitalized between first and second evaluation). The participants’ average time that passed in days 

between the first and second evaluation were 71 days, (with two incidences that resulted in the time 

between evaluations being over 100 days). Between the second and third evaluations, the average time 

was 77 days (with three incidences that resulted in the time between evaluations being over 100 days). 

Between the third and fourth evaluations, the average time was 64 days (no major incidences 

recognized among participants).  
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Appendix 2: Participants data from 10mWT with and without FES  
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1 Stroke  0.80 0.80 0.91 0.85 0.71 0.73 0.69 0.68 
2 Stroke  0.83 0.93 0.75 0.96 0.99 1.05 0.98 0.93 
3 Other   0.81 0.79 0.84 0.79 0.95 0.87 0.87 0.83 
4 MS 0.65 0.50 -  - - - - - 
5 MS 1.20 0.94 1.15 0.86 -  - - - 
6 Stroke  0.91 0.89 0.85 0.85 0.90 0.90 0.90 0.89 
7 Other  1.13 1.11 1.33 1.21 1.25 1.15  - - 
8 Stroke  0.90 0.93 1.05 0.98 0.96 0.97 0.95 0.97 
9 Other    - - - - - - - - 

10 Other  0.64 0.59     0.63 0.59 0.62 0.49 
11 MS   - 1.04 1.20 1.15 1.24 1.13 1.42 1.34 
12 Other  1.22 1.19 1.23 1.12 1.23 1.20 1.29 1.19 
13 Stroke  0.71 0.68 0.69 0.70 0.75 0.74   0.77 
14 Stroke  0.77 0.58 0.75 0.64 0.78 0.54 0.87 0.66 
15 Stroke  0.42 0.43 -  - - - - - 
16 MS  0.49 0.62  - - - - - - 
17 MS 1.04 0.97 1.04 0.89 -  - - - 
18 MS 0.61 0.36 0.69 0.43 0.79 0.37 -  - 
19 Stroke  0.71 0.61 0.71 0.43 0.78 0.68 0.78 0.68 
20 MS 0.60 0.43 0.62 0.38 0.63 0.39  - -  
21 Stroke  0.71 0.73 0.75 0.72 0.81 0.77 0.81 0.87 
22 Stroke  0.48 0.40 0.48 0.41 0.42 0.38 0.42 0.41 
23 Stroke  0.69 0.72 0.85 0.71 0.83 0.70 0.81 0.85 
24 Stroke  0.82 0.82 0.80 0.84 0.94 0.84 0.91 0.94 
25 Stroke  0.53 0.47  - - - - - - 
26 Other    - - 0.68 0.69 0.66 0.65 0.55 0.56 
27 Stroke  1.24 1.25 1.14 1.17 1.30 1.25 1.22 1.26 
28 Stroke  1.27 1.21 -  - 1.25 1.29 1.25 1.29 
29 Other 1.16 1.28 1.36 1.03 1.36 1.20 1.23 1.41 
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Appendix 3: Descriptive information’s about the data used in the 
Mixed model analyses  

The tables below present information about the data used in the Mixed model analyses for 10mWT. In 
the table, information about the number of available data (N) used in the Mixed model analyses, 

inflammation about missing data, mean, median, standard deviation, minimum and maximum values 

with and without FES are presented.  

 

Descriptive statistics for 10mWT with and without FES 
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Appendix 4: Approval from the human research committee of 
the National Hospital 
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Appendix 5: Approval from the ethics committee of the National 
Hospital 
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