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Abstract 

Background; Active passive trainers (APTs) are frequently used in exercise settings as 

a safe, feasible way for people with neurological disabilities to exercise, however 

evidence regarding their efficacy is limited.  The aim of the study was to review the 

literature investigating the effects of lower limb APT cycling, with or without functional 

electrical stimulation (FES), on spasticity, cardiovascular fitness, function and quality of 

life in neurological populations.  

Methods; Five electronic databases were searched from inception to June 2021.  

Studies included were randomised controlled trials using lower limb APTs as a cycling 

intervention, included participants with neurological conditions; multiple sclerosis, 

spinal cord injury, stroke and Parkinson’s disease and at least one outcome related to 

spasticity, cardiovascular fitness, physical function or quality of life.   

Results; Twelve articles were included (n=423 participants, 52% male), 6 used FES 

assisted APT interventions and 6 APT interventions alone.  A meta-analysis showed no 

improvements in walking speed (p=0.31), however did show statistically significant 

improvement in walking endurance but only included stroke studies (6MWT 

performance, p<0.00001).  A significant improvement in spasticity was found by three 

studies (2 APT alone, 1 APT + FES).  One study reported improvement in areas of 

quality of life, but few considered cardiovascular fitness.   

Conclusions; The included studies had heterogeneous designs, outcome measures and 

exercise prescription, and included participants with differing disability levels making 

comparisons difficult.  APT interventions appear to improve walking endurance in 

people with neurological conditions, however the effect on other outcomes remains 
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unclear.  In addition, it remains unclear whether FES assisted cycling is more beneficial 

than APT cycling alone. 
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Introduction  

Physical inactivity is a leading contributor to global mortality (WHO 2020), and 

participation in physical activity reduces the risk of premature death and development of 

chronic illness by 20-30% (Warburton et al 2016).  Evidence suggests even minor 

increases in activity or fitness levels can reduce the risk of developing chronic disease 

and mortality, in both healthy populations and those with chronic conditions 

(Warburton et al 2016).  Other potential benefits include improved functional capacity, 

social interaction and quality of life (Anderson et al 2019).   

Exercise is a fundamental treatment strategy for people with neurological conditions 

(WHO 2020).  Guidelines by the WHO (2020) recommend all adults living with a 

physical disability should undertake regular exercise aiming to improve aerobic fitness, 

strength and balance and thus help improve their health, function and quality of life 

(WHO 2020).  However, exercise can be especially difficult for those with severe or 

progressive conditions such as neurological conditions, due to symptoms, accessibility 

and transport (Sharon-David et al 2021).   

Cycling is an exercise often adopted by people with neurological conditions as it can be 

a relatively safe and feasible option and has been shown to improve aerobic endurance, 

muscle and bone strength, spasticity and function (Raasch et al 1999; Yang et al 2014; 

Barbosa et al 2015).  Cycling is similar to walking in that they are both cyclical 

activities, involve reciprocal contraction and relaxation of major muscle groups of the 

lower limbs and share sensori-motor control mechanisms (Raasch et al 1999; Yang et al 

2014; Barbosa et al 2015).  But many people with neurological conditions are not able 

to cycle on a standard bicycle, due to physical limitations.   
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Lower limb active passive trainers (APT’s) allow cycling from a seated or supine 

position.  The speed, resistance and type of exercise (active, active assisted or passive) 

can be adjusted depending on the user’s level of ability which means they can be used 

by people with high levels of disability.  Users receive visual feedback on their speed, 

distance cycled, power output and symmetry of cycling which can increase motivation, 

facilitate motor learning/control and improve rehabilitation outcomes (Raasch et al 

1999; Yang et al 2014; Barbosa et al 2015).  Active passive trainers can be used alone, 

but are often used in combination with neuromuscular stimulation, usually delivered 

through Functional Electrical Stimulation (FES).  FES can assist with the cycling 

motion by stimulation of key muscle groups, and therefore is more often used in 

conditions with lower limb paralysis or lack of muscle innervation.  APTs are 

commonly used clinically with anecdotal reports of benefits, however there is a paucity 

of evidence of benefits in those with neurological conditions particularly those with  

higher levels of disability.  The aim of this systematic literature review is to examine the 

evidence for lower limb APTs, with and without neuromuscular stimulation, and to 

determine their effects in relation to common issues such as spasticity, cardiovascular 

fitness, function and quality of life in people with neurological conditions. 

Methods 

An electronic literature search was carried out in June 2021.  The following five 

databases were searched without date restrictions and in populations aged 18 and over: 

CINAHL, Medline, Embase, Epistemonikos and Google Scholar (see Appendix 1 for 

details of the search strategy).  Articles were eligible to be included if they: 1) were 

randomised controlled trials; 2) the population was people with neurological conditions 

such as multiple sclerosis, stroke, brain injury, spinal cord injury and Parkinson’s 
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disease; 3) the intervention included exercise on a lower limb APT, with or without 

FES; 4) included at least one outcome related to spasticity, cardiovascular fitness, 

physical function and quality of life.  Articles were excluded if they were not in English, 

were abstracts or conference proceedings.   

After removing duplicate articles, the titles and abstracts of all the articles were 

screened against the inclusion criteria by one reviewer (AB).  Studies that did not meet 

the inclusion criteria were removed and where this was not clear the full text was read.  

Two reviewers (AB, LP) screened the full texts of the remaining articles for eligibility 

and reference lists of these articles were also checked for relevant studies.   

Assessment of evidence quality 

The quality of the included articles was assessed using the Down and Black checklist, a 

32-point scale that was developed for use with randomised and non-randomised 

controlled trials (Downs et al 1998).  The final question on the checklist was adjusted so 

that a score of 1 was given if a power calculation for sample size was used in the study 

and 0 if it was not.  Each article was independently assessed using the checklist by two 

reviewers (AB, LP) and scores compared.  Any disagreement in score were discussed 

and a consensus agreed.  No study was excluded based on the quality assessment 

results.  This study used the classification used by O’Connor et al (2015) who rated a 

study as excellent if it scored 24-28, good 19-23, fair 14-18 and poor if less than 14 

(O’Connor et al 2015).    

Data Analysis 
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Data were firstly analysed using a narrative synthesis approach, and studies grouped 

into FES assisted APT cycling or APT cycling.  Participant demographics, intervention 

protocols and outcomes were extracted and summarised.  The results were reported in 

relation to the exercise intervention received and significance relating to the outcomes 

of interest: spasticity, cardiovascular fitness, function and quality of life.  In addition, a 

meta-analysis was performed using Revman software (version 5.4) to establish the 

effect of APT on walking speed and endurance.  It was not possible to include other 

outcomes of interest in this analysis due to the variety of outcome measures used, the 

availability of data and the consistency of how the data was reported.  The weighted 

mean difference between the intervention and control groups was used in the meta-

analysis to determine intervention effect.  This was calculated using the mean difference 

and standard deviation (SD) in post intervention scores compared to baseline for both 

the intervention and control groups reported in each study.  If the SD was not reported 

in the original article this missing data were calculated using the following formula 

outlined in the Cochrane Handbook (Higgins et al 2021): [SDdiff = √SDbaseline
2 + SDpost

2 – 

(2 x Corr x SDbaseline x SDpost)].  For this formula the SDdiff refers to the SD of mean 

difference, the SD baseline refers to the SD of the baseline mean score, and the SDpost 

refers to the SD of the post intervention mean score.  Due to the availability of data, the 

correlation coefficient for this formula was calculated using the values reported in Yang 

et al (2014).  If any article did not report the mean difference and SD for the 

intervention and control groups, or did not provide sufficient data for the result to be 

calculated, they were excluded from the meta-analysis.  Separate meta-analyses were 

calculated for walking speed and endurance using a random effects model due to 

methodological and statistical heterogeneity (calculated using the I2 and Chi-squared 

tests).  For all tests a significance level of p <0.05 was used.   
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Results 

Search results  

The search resulted in 1151 articles, with two additional articles found from hand 

searching relevant reference lists (see figure 1).  One duplicate article was removed, 

thus the titles and abstracts of 1152 articles were screened by one author for relevance.  

From this, 776 articles were excluded as they did not include use of APTs or did not 

include any of the specified outcomes.  Three hundred and seventy six articles were 

then identified and following full text review, 12 were included in the review (see table 

1).   

Figure 1 inserted near here 

Participant characteristics 

 

From the 12 RCT’s included within this systematic review six studies used FES assisted 

APT cycling interventions (Ralston et al 2013; Bauer et al 2015; Edwards et al 2018; 

Shariat et al 2019; Ambrosini et al 2020; Backus et al 2020) and six used APT cycling 

alone (Kamps et al 2005; Laupheimer et al 2011; Rayegani et al 2011; Yang et al 2014; 

Barclay et al 2019; Hochsprung et al 2020).  The sample sizes in the studies ranged 

from 8 to 68 participants and included a total of 423: 219 males, 160 females and 44 

people where gender was not specified.  The mean age of the participants was 55 (range 

25 to 73).  One study involved participants with Parkinson’s disease (n=44) 

(Laupheimer et al 2011), two involved spinal cord injuries (n=78) (Rayegani et al 2011; 

Ralston et al 2013), four with multiple sclerosis (n=105) (Edwards et al 2018; Barclay et 

al 2019; Backus et al 2020; Hochsprung et al 2020) and five with stroke (n=196) 
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(Kamps et al 2005; Yang et al 2014; Bauer et al 2015; Shariat et al 2019; Ambrosini et 

al 2020).  Three studies involved participants within six months of diagnosis (Ralston et 

al 2013; Bauer et al 2015; Ambrosini et al 2020) and seven involved chronic 

participants (Kamps et al 2005; Laupheimer et al 2011; Rayegani et al 2011; Yang et al 

2014; Edwards et al 2018, Barclay et al 2019; Shariat et al 2019).  Two studies did not 

comment on this (Backus et al 2020; Hochsprung et al 2020).  Collectively the 

participants involved in these studies had differing disability levels.  Eight included 

those who could walk with or without assistance (n=309) (Kamps et al 2005; 

Laupheimer et al 2011; Yang et al 2014; Bauer et al 2015; Edwards et al 2018; Shariat 

et al 2019; Ambrosini et al 2020; Hochsprung et al 2020), while four studies included 

those who were unable to walk and used wheelchairs (n=114) (Rayegani et al 2011; 

Ralston et al 2013; Barclay et al 2019; Backus et al 2020).   

    Table 1 inserted near here  

Study characteristics 

From the twelve studies included in this review seven used an experimental design 

(Kamps et al 2005; Laupheimer et al 2011; Rayegani et al 2011; Edwards et al 2018; 

Ambrosini et al 2020; Backus et al 2020 ; Hochsprung et al 2020), three involved 

parallel intervention groups (Barclay et al 2019; Shariat et al 2019; Bauer et al 2015) 

and two included cross over interventions (Yang et al 2014; Ralston et al 2013).   

The total quality scores using the Downs and Black checklist ranged from 8-24/28 

(Table 2).  One was deemed to be of excellent quality (Ambrosini et al 2020), six were 

classed as good (Kamps et al 2005; Ralston et al 2013; Bauer et al 2015; Barclay et al 
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2019; Shariat et al 2019; Hochsprung et al 2020) and five were fair (Laupheimer et al 

2011; Rayegani et al 2011; Yang et al 2014; Edwards et al 2018; Backus et al 2020). 

Table 2 inserted near here 

Both FES assisted cycling and APT cycling interventions differed in length, frequency 

per week and duration of each cycling session (Table 1).  Overall eight studies reported 

significant changes in at least one outcome.  Three studies used FES assisted cycling 

interventions (Bauer et al 2015; Shariat et al 2019; Ambrosini et al 2020), and five 

studies used APT cycling interventions (Kamps et al 2005; Laupheimer et al 2011; 

Rayegani et al 2011; Yang et al 2014; Hochsprung et al 2020).  Only three studies 

considered follow up after completion of the intervention to determine the longer term 

effects and all used FES assisted cycling (Bauer et al 2015; Shariat et al 2019; 

Ambrosini et al 2020).  The length of time between these follow up assessments ranged 

from two weeks (Bauer et al 2015) to six months (Ambrosini et al 2020). 

Outcome Measures: Spasticity 

Seven studies evaluated the intervention effect in relation to spasticity - four used FES 

assisted cycling (Ralston et al 2013; Bauer et al 2015; Shariat et al 2019; Backus et al 

2020) and three used APT alone (Rayegani et al 2011; Yang et al 2014; Barclay et al 

2019).  All of the studies measured spasticity using the MAS, or modified versions of 

the MAS.  One study also used neurophysiology, measuring Hmax/Mmax and F/M ratio 

(Rayegani et al 2011), and two studies used patient reported measures of spasticity 

(Ralston et al 2013; Barclay et al 2019).   
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Three studies found spasticity to be significantly reduced following cycling 

interventions according to the MAS or modified versions of the MAS (Rayegani et al 

2011; Yang et al 2014; Shariat et al 2019).  Each study reported the mean scores of the 

MAS although did not clarify how this was calculated, and only one study listed the 

individual muscle group assessed (Yang et al 2014) who only considered the effect on 

knee extensor spasticity of the affected lower limb.  Significant improvements to lower 

limb spasticity were also reported using the Hmax/Mmax (p<0.001) and F/M ratios 

(p<0.03) (Rayegani et al 2011).  From these results two interventions used APT cycling 

alone (Rayegani et al 2011; Yang et al 2014) and one used FES assisted cycling (Shariat 

et al 2019). 

Two studies included a follow up assessment after completion of their intervention to 

determine the longer term effects (Bauer et al 2015; Shariat et al 2019).  Only one study 

reported a prolonged effect on spasticity when assessed a month after completion 

(Shariat et al 2019).    

Cardiovascular fitness 

Two studies considered changes in cardiovascular fitness, one using FES assisted 

cycling (Edwards et al 2018) and one using APT cycling alone (Barclay et al 2019).  

One study assessed this by peak oxygen uptake during an incremental exercise test 

(Edwards et al 2018), and the other by mean oxygen uptake during submaximal exercise 

test (Barclay et al 2019).  The study by Edwards et al (2018) reported a small 

intervention effect (d=0.34), however no other statistical results were reported.  

Physical Function 
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Ten studies included measurement of outcomes related to physical function, five using 

APT cycling alone (Kamps et al 2005; Laupheimer et al 2011; Yang et al 2014; Barclay 

et al 2019; Hochsprung et al 2020) and five using FES assisted cycling (Bauer et al 

2015; Edwards et al 2018; Shariat et al 2019; Ambrosini et al 2020; Backus et al 2020).  

A variety of outcome measures were used to measure physical function (n=15) will be 

considered in relation to walking ability (n=10), general function (n=3) and strength 

(n=2).    

Walking ability 

Nine studies used at least one walking outcome which included the 10 metre walk test 

(10MWT) (Kamps et al 2005; Yang et al 2014; Bauer et al 2015; Shariat et al 2019), six 

minute walk test (6MWT) (Kamps et al 2005; Yang et al 2014; Ambrosini et al 2021), 

Timed up and go (TUG) (Kamps et al 2005; Edwards et al 2018; Shariat et al 2019), 

two minute walk test (2MWT) (Kamps et al 2005; Edwards et al 2018), Timed 25 foot 

walk (T25FW) (Edwards et al 2018; Barclay et al 2019), Functional Ambulation 

Category (FAC) (Bauer et al 2015; Shariat et al 2019), gait analysis (including cadence, 

step and stride length) (Ambrosini et al 2020b; Hochsprung et al 2020), Performance 

Orientated Mobility Assessment (POMA) (Kamps et al 2005; Bauer et al 2015), the 12 

item Multiple Sclerosis Walking Scale (Edwards et al 2018) and the Timed Motor Test 

Battery (Laupheimer et al 2011).   

Seven studies reported significant improvements in walking ability following their 

interventions, four studies using APT alone (Kamps et al 2005; Laupheimer et al 2011; 

Yang et al 2014; Hochsprung et al 2020) and three using FES assisted cycling (Bauer et 

al 2015; Shariat et al 2019; Ambrosini et al 2020).  A further two studies showed 
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improvements in walking ability but not to a significant level (Edwards et al 2018; 

Barclay et al 2019). 

Meta-analysis: walking speed and endurance  

To allow further analysis, outcomes that assessed walking ability were grouped in 

relation to walking speed (10MWT, T25FW and gait analysis n=8) and endurance 

(6MWT) (n=4).  Five studies were included in the meta-analysis for walking speed 

(metres per second) (Kamps et al 2005; Yang et al 2014; Shariat et al 2019; Barclay et 

al 2019; Ambrosini et al 2020), and three studies for walking endurance (Kamps et al 

2005; Yang et al 2014; Ambrosini et al 2020).  The analysis of walking speed showed a 

small, non-significant increase (0.05m/s) in walking speed favouring the intervention 

group (p=0.31).  However, the range in confidence intervals was large, indicating an 

inconsistent effect (95% CI = -0.04-0.14; I2 = 85%).  A sensitivity analysis was 

complete including only studies involving stroke participants (Kamps et al 2005; Yang 

et al 2014; Shariat et al 2019; Ambrosini et al 2020).  A more consistent effect was 

found (95% CI = 0.03-0.16; I2=68%), with a statistically significant increase in walking 

speed (0.09m/s) favouring the intervention group (p=0.004).  The analysis of walking 

endurance showed a consistent improvement in 6MWT performance (MD = 49.68m; 

95% CI = 41.56-57.81; I2=34%) in favour of the intervention group, which was 

statistically significant (p<0.00001), however a sensitivity analysis was not feasible 

given the already small number of studies included.   

Figure 2 & 3 inserted near here 

General functional measures 
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Three studies included generic functional outcome measures; the Functional 

Independence Measure (FIM) (Barclay et al 2019; Ambrosini et al 2020), the Berg 

Balance Scale (Kamps et al 2005; Ambrosini et al 2020) and the Trunk Control Test 

(Ambrosini et al 2020).  One study reported significant improvements in all of the 

measures used (Ambrosini et al 2020), which were also maintained at follow up.  In 

addition, Laupheimer et al (2011) used disease specific measures for Parkinson’s; the 

Timed Motor Battery Test & Tremor Spiral Test.  They showed significant 

improvement in upper limb forearm movement (p=0.03) and also a trend for an 

improvement in dressing (p=0.09) and depression (p=0.06).  There was no change in 

tremor or co-ordination.   

Muscle strength 

Four studies considered muscle strength and all used FES assisted interventions (Bauer 

et al 2015; Edwards et al 2018; Ambrosini et al 2020; Backus et al 2020).  Outcome 

measures were the leg sub-scale of the Motricity Index (Bauer et al 2015; Ambrosini et 

al 2020), isokinetic dynamometry (Edwards et al 2018) and manual muscle testing 

(Backus et al 2020).  Two reported significant improvements in strength following their 

intervention (Bauer et al 2015; Ambrosini et al 2020), and one study reported moderate 

improvement in knee extensor strength (d=0.56) but did not comment regarding 

significance (Edwards et al 2018). 

Quality Of Life 

Three studies considered quality of life (QOL) measures, two using FES assisted 

cycling (Ralston et al 2013; Backus et al 2020) and one using APT cycling alone 

(Barclay et al 2019).  Two studies used the MS Quality of Life 54 (MSQOL-54) 
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(Barclay et al 2019; Backus et al 2020) and one used the global impression of change 

(GIC) (Ralston et al 2013).  The study by Barclay et al (2019) reported a significant 

time effect for both physical health (p=0.007) and mental health (p=0.029) domains 

within the MSQOL-54 but no interaction effects for either following APT cycling alone.  

The study by Backus et al (2020) only reported effect sizes due to a small sample size  

(n=12), but found a large effect on the MSQOL-54 subscores for physical health 

(d=0.85), health perception (d=1.12), health distress (d=1.22) and physical health 

composite (d=1.48) following their intervention.  They also reported large effects on 

physical composite for the patient health questionnaire (d=0.76) and a moderate effect 

on modified fatigue impact scale (d=0.60).  Ralston et al (2013) did not report any 

significant improvements using the GIC.  

Cycling data 

Four studies reported cycling data, three following APT cycling alone (Kamps et al 

2005; Yang et al 2014; Barclay et al 2019) and one following FES assisted cycling 

(Edwards et al 2018).  Significant improvements were reported in average power output 

(Kamps et al 2005; Barclay et al 2019), average cycling distance (Kamps et al 2005; 

Barclay et al 2019) and average speed cycled (Barclay et al 2019).  One study also 

reported moderate improvements in WRpeak (d=0.65) but did not report significance due 

to sample size (n=8) (Edwards et al 2018). 

Adverse Events  

Adverse Events (AEs) were reported in seven studies.  Three studies recorded AEs 

(Ralston et al 2013; Edwards et al 2018; Backus et al 2020), but only one related to the 

intervention and was due to skin irritation from the electrodes.  Four studies reported no 
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AEs (Yang et al 2014; Bauer et al 2015; Barclay et al 2019; Ambrosini et al 2020) and 

five made no mention of AEs (Kamps et al 2005; Laupheimer et al 2011; Rayegani et al 

2011; Shariat et al 2019; Hochsprung et al 2020).  

Discussion    

The aim of this review was to investigate the effects of lower limb APTs, with or 

without FES, on spasticity, cardiovascular fitness, physical function and QOL in people 

with neurological conditions.  This review identified 12 articles that met the specified 

criteria and these studies included different neurological conditions and participants 

with differing degrees of disability.  Lower limb APT interventions were found to 

significantly improve walking endurance but only included studies involving stroke 

participants and so cannot be generalised.  Some of the studies included in this review 

also found improvements in walking speed, however the effect was not consistent 

across all studies and conditions.  A meta-analysis of other variables was limited by 

missing or inconsistent data reported by the studies.  In addition, studies used 

heterogenous designs and the prescribed APT intervention differed between studies 

which made comparisons difficult.   

Overall eight studies reported significant improvements to walking ability, balance, 

spasticity and strength following interventions, five using APT cycling and three using 

FES assisted.  These studies however used a large variety of outcome measures (n=39).  

The most frequently used measures related to walking speed (n=12), endurance (n=4) 

and spasticity using the MAS or versions of it (n=7), while few studies considered 

quality of life (n=3) or cardiovascular fitness (n=2).   
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A meta-analysis was only possible for measures of walking speed (n=4) and endurance 

(n=3) due to the availability and consistency of data reported, and found a statistically 

significant effect from interventions on walking endurance but not speed.  However 

when the data from the stroke studies was considered alone (n=3) a significant effect 

was found.  This finding is similar to a review by Shariat et al (2019) who considered 

the effects of cycling and FES assisted cycling in stroke participants.  Their meta-

analysis also found a significant improvement to walking speed, endurance and balance 

following cycling interventions.  The ability to walk is an important goal for many 

patients, and maintaining mobility has been shown to link to independence and quality 

of life (Clark et al 2015; Mizuta et al 2020).  However many factors are known to 

impact on walking speed, such as severity of disability, age, confidence, visual issues, 

deficits in motor control and ankle activity (Clark et al 2015; Mizuta et al 2020).  The 

results suggest APT cycling interventions could be an important adjunct to treatment 

within rehabilitation settings to help patients maintain or improve their mobility.  

However further research to establish the effect on other neurological conditions is 

merited.  

Seven studies considered the effect of the interventions on spasticity and three studies 

found it to be significantly reduced following APT interventions (2 APT alone, 1 APT 

+FES).  However all of these studies used the MAS or versions of it as an outcome 

measure.  While the MAS remains the most clinically used tool for the assessment of 

spasticity its sensitivity and reliability is questionable (Ansari et al 2006; Mutulu et al 

2008; Craven et al 2010; Kaya et al 2011) and may account for some of the variation in 

the results across these studies.  In addition data regarding the MAS was not fully or 

consistently reported by each study precluding further analysis.  Other spasticity 

measures often used within research include biomechanical tools (EMG, dynamometry, 
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torque) and neurophysiological measures (H-reflex, Hmax/Mmax, H/M ratio) and have 

been suggested to be more sensitive than the MAS (Biering-Sorenson et al 2006; Santos 

et al 2017; Balci 2018).  Although they too have limitations with cost, space and 

training requirements the main barriers to clinical use (Santos et al 2017; Balci et al 

2018).  It remains unclear regarding the most appropriate measure of spasticity and 

further research to establish this is needed.   

The intensity, frequency and duration of both FES assisted and APT cycling alone also 

varied widely between studies.  The shortest intervention lasted 2 weeks (Ralston et al 

2013) and the longest six months (Edwards et al 2018), and no study included in this 

review used the same dosing of APT exercise.  While five studies involving 118 

participants used what may be considered a higher dose (30 minutes cycling, at least 3 

times a week and for a month or more), this did not necessarily result in better outcomes 

as only two studies reported significant improvements relating to outcomes used 

(Laupheimer et al 2011; Yang et al 2014).  In comparison seven studies involving 305 

participants used a lower exercise dose, and six reported significant findings (Kamps et 

al 2005; Rayegani et al 2011; Bauer et al 2015; Shariat et al 2019; Ambrosini et al 2020; 

Hochsprung et al 2020).  The majority of these studies included participants with a 

diagnosis of stroke (n=4), who were able to walk and presented with lower levels of 

disability, which suggests that pathology and disability levels may also have an effect 

on the outcomes of APT interventions.  

In addition cycling data was only recorded in four studies and significant improvements 

were reported from two (Kamps et al 2005; Barclay et al 2019).  While APT 

interventions produced improvements in average speed, distance cycled and power 
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output, it remains unclear how these translate into meaningful clinical or functional 

benefits given that few studies that demonstrated change in functional ability.     

Lastly it is unclear, whether FES assisted APT cycling is more effective that APT 

cycling alone in neurological conditions as few studies have included comparison.  Only 

one study included in this review did so and reported significant improvements in to 

lower limb strength and walking ability following both interventions in a stroke 

population (Bauer et al 2015).  They did report significantly larger improvements to 

walking ability following FES assisted APT cycling, suggesting FES assisted APT 

cycling maybe more effective than APT cycling alone.  FES assisted cycling is 

commonly used in conditions with lower limb paralysis or lack of innervation, and 

much of the evidence on this topic is derived from a spinal cord injured populations 

(n=1 in this review).  In spinal cord injury it is considered a key component of activity 

based restorative therapy, and has been reported to improve metabolic function, muscle 

strength, spasticity and cardiopulmonary function (Peng et al 2011; Van der Scheer et al 

2021).  The study included in this review did not support these findings (Ralston et al 

2013).  However this study only ran for two weeks and primarily aimed to assess the 

acute effects of FES assisted cycling on urine output and leg swelling rather than 

muscle bulk and spasticity which were also measured.  The effectiveness of FES 

assisted cycling in other neurological conditions is less established.  Clinically, its use is 

limited due to the cost and complexity of the equipment, and time taken to set it up 

(Bersch et al 2015).  This review could not definitively determine whether FES assisted 

APT cycling is more effective than APT cycling alone across neurological conditions or 

disability levels, and further research to establish this is merited.   

Limitations 
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There are several limitations to this review.  Other studies using APT interventions were 

identified, however did not use a randomised control trial design so were excluded.  The 

sample size of many of the studies within this review was small and involved different 

neurological conditions impacting on the ability to generalise.  A large variety of 

outcome measures were also used and few involved follow up review.  Data regarding 

pre and post intervention scores were often not reported which prevented inclusion 

within a meta-analysis.  In addition the studies used differing study designs, and dose of 

the APT interventions again limiting the ability to compare results across studies.  

Lastly the screening of abstracts and data extraction was completed by a single author, 

inviting bias.   

Future studies should use a randomised control design with larger sample sizes and 

consider including follow up measurements. 

Conclusion 

Current research regarding lower limb APT cycling, with or without FES, in 

neurological populations is limited.  The results of this review suggest that both APT 

cycling and FES assisted cycling result in improvements in walking endurance, and may 

have the potential to improve walking speed and spasticity.  However, the majority of 

these studies included stroke participants and so cannot be generalised.  In addition the 

optimal duration, frequency and dose of APT interventions remains to be established.  It 

remains unclear whether APT cycling alone is more effective than FES assisted cycling, 

and further research is needed to establish any gains it may bring to neurological 

conditions.  Future studies should use and report outcomes in a consistent, similar 
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manner to allow comparison, and also consider the possible benefits in relation to 

cardiovascular fitness and QOL.   
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Table 1 Studies using APT cycling in neurological populations 

Authors & aims 

 

Participants/ 

Demographics 

Intervention & 

control/comparator 

Outcomes Results 

Kamps et al 2005 

Cyclic movement 

training of the lower 

limb in stroke 

rehabilitation. 

 

Randomised controlled 

trial.  

 

Recruited from 

outpatient 

rehabilitation centres in 

Germany.  

40 recruited, 31 

completed the study, 

intervention (n=16) 

control (n=15). 

Demographics; 

Intervention group; 11 

female, 5 male, mean 

age 63.1 ±8.1 years, 

mean time since stroke 

12 ± 9.5 months, all 

infarcts, 9 left 

hemiplegia, 7 right 

hemiplegia.  

Control group; 11 

female, 4 male, mean 

age 65.8 ±10.7 years, 

mean time since stroke 

15.4 ±12.1 months, all 

infarcts, 7 left  

Two sessions per day, 

Minimum 10 minutes 

cycling, for 4 months with 

a 2-3 minute warm up and 

cool down period. 

 

Participants aimed to cycle 

at 50-70rpm each time.  

Encouraged to increase 

time and resistance. 

Participants called every 

14 days check on progress.  

Comparator; Conventional 

physiotherapy and 

exercise. 

Outcome measures 

assessed at start and 

end. 

2MWT, 6MWT, 

Tinetti test, BBS, 

TUG, 10MWT 

(comfortable and fast 

pace). 

Cycling data also 

recorded. 

 

Significant improvements in 

2MWT (p=0.015) & 6MWT 

(p=0.003), comfortable gait 

speed (p=0.024) and TUG 

(p=0.016) in the intervention 

group. 

No significant difference in 

Tinetti (p=0.313), BBS (p=0.1) 

and maximum gait speed 

(p=0.188) in either group. 

Significant improvements in 

distance cycled (p=0.027) and 

power on MOTOmed 

(p=0.009). 
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hemiplegia, 8 right 

hemiplegia. 

Laupheimer et al 2011 

Forced exercise – 

effects of MOTOmed 

therapy on typical 

motor dysfunction in 

Parkinson’s. 

 

Randomised controlled 

trial. 

 

Recruitment from 

outpatient support 

groups in Germany. 

47 participants, 44 

completed the study 

(intervention n=21 and 

control n=23).  

Demographics; No 

record of gender, mean 

age 68.5 ±6.8 years, 

disease duration 9.2 

±6.7 years, Hoehn & 

Yahr stage 2.69 ±0.68. 

40 minutes, x 5 a week, for 

10 weeks.  

Cycling procedure; 5 min 

warm up gradually 

increasing to maximum of 

90rpm.  Cycle at 90rpm (or 

as close as able) for 30 

minutes.  5 min cool down 

gradually reducing speed. 

Comparator; Standard 

therapy only. 

Outcome measures 

assessed at start, end 

of week 5 and end. 

Timed motor test 

battery, tremor spiral 

test, Parkinson’s 

disease questionnaire 

8. 

 

Significant improvement in 

walking time and walking steps 

(p<0.001) in the intervention 

group. 

Significant changes in 

pronation and supination 

(p=0.03) of both arms, dressing 

(p=0.09) and depression 

(p=0.06) in the intervention 

group. 

Rayegani et al 2011 

The effect of electrical 

passive cycling on 

spasticity in war 

veterans with spinal 

cord injury. 

 

Randomised controlled 

trial. 

 

Recruited people with 

SCI from outpatient 

clinics in Tehran. 

Recruited 74 over 2 

years, 64 completed 

study. Intervention 

group (n=35), control 

(n=29). 

Demographics; 61 

male, 3 female, mean 

age 43 years, SCI; 11 

cervical, 22 upper 

thoracic, 29 lower 

thoracic, 2 lumbar, 1 

20 minutes cycling, aimed 

x 3 a day for 2 months. 

Comparator; Physical 

therapy for 2 months 

(included stretching and 

strength exercises). 

Outcome measures 

assessed at start and 

end. 

MAS, ROM at the hip, 

knee and ankle. 

Neurophysiology; 

Hoffmans reflex also 

recorded. 

 

Significant increase in passive 

range of movement at hip 

(p<0.03), dorsiflexion 

(p<0.001) and plantarflexion 

(p<0.001). 

Significant reduction in 

Hmax/Mmax (p<0.001) and 

F/M ratio (p<0.03).  Mean 

MAS reduced in intervention 

group (p=0.003).  

Control group – no significant 

change in mean MAS, or 

passive range of movement. 
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ASIA B, 63 ASIA A, 

SCI 15-20 years before. 

No carry over reported at the 

end of the study or 12 months 

after. 

Ralston et al 2013 

Functional electrical 

stimulation cycling has 

no clear effect on urine 

output, lower limb 

swelling, and spasticity 

in people with spinal 

injury: a randomised 

cross-over trial. 

 

Randomised controlled 

trial, cross over design. 

Recruited from two 

inpatient rehabilitation 

unit, Sydney. 

14 recruited. 

Demographics: 11 

male, 3 female, median 

age 25 (range 22-32), 

time since injury 118 

days (range 64-135), 13 

ASIA A, 1 ASIA B, 8 

cervical and 6 thoracic 

injuries. 

 

30-45 minutes FES 

cycling, x 4 times a week, 

for 2 weeks.  

Stimulation to quadriceps, 

hamstrings and gluteal 

muscles. 

 

Comparator; No FES 

cycling for 2 weeks. 

 

Patients also received 

standard care which 

consisted of typical PT & 

OT. 

Outcome measures 

assessed at start, end 

of week 2 and end of 

week 4. 

 

Urine output (ml/hr), 

lower limb 

circumference, 

Ashworth Scale, 

PRISM, GIC.  

There were no clear effects of 

FES cycling on urine output, 

swelling, and spasticity even 

though all point estimates of 

treatment effects favoured FES 

cycling and participants 

perceived therapeutic effects. 

The mean group differences for 

lower limb swelling, spasticity 

and PRISM were -0.1cm, -1.9 

points and -5 points 

respectively. No values 

reported regarding significance. 

Yang et al 2014 

Effect of biofeedback 

cycling training on 

functional recovery 

and walking ability of 

lower extremity in 

patients with stroke. 

 

Randomised controlled 

trial, cross over design.  

Recruited from stroke 

rehabilitation clinic in 

Taiwan. 

30 recruited, group 1 

(n=15), group 2 (n=15). 

Demographics;  

Group 1; 9 male,6 

female, left hemiplegia 

4, right hemiplegia 11, 

mean age 53.9 years ± 

Group 1; 4 weeks of daily 

cycling intervention 

followed by 4 weeks of 

conventional rehab only (1 

hr PT and 1 hr OT).  

Cycling procedure; 30 

mins in two sessions -15 

minutes cycling forwards, 

15 minutes cycling 

backwards. 

Lower limb subscale 

of Fugyl meyer 

assessment, 6MWT, 

10MWT and MAS 

taken at start of trial 

and at end of week 4 

and 8. 

Cycling data also 

recorded. 

 

Significant improvements in 

outcomes in the cycling period 

compared to the non-cycling 

period in Fugyl meyer 

(p=<0.05), 6MWT (p=<0.001), 

10MWT (p=<0.001) and MAS 

(p=<0.001). 

There was no carryover seen at 

8 weeks. 

Symmetry between legs was 

maintained at 76.5%-81.1% in 
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 10.5, mean time since 

stroke 11.1 months ± 8, 

Barthel Index 17.4 ± 

2.2. 

Group 2; 13 male, 2 

female, left hemiplegia 

7, right hemiplegia 8, 

mean age 54.5 years ± 

8, mean time since 

stroke 11.1 months ±  

9.7, Barthel Index 16.5 

± 3.8. 

Comparator; Group 2 

(n=15) did reverse; 4 

weeks of conventional 

therapy and 4 weeks of 

cycling. 

active pedalling.  Performance 

improved from 19.9W to 

32.7W and resistance increased 

from 6.5kg to 9.6kg after 4 

week period. 

 

Bauer et al 2015 

Functional Electrical 

Stimulation - assisted 

active cycling – 

therapeutic effects in 

people with 

hemiparesis from 7 

days to 6 months after 

stroke: A Randomized 

Controlled Pilot Study. 

 

Randomised controlled 

trial, two parallel 

groups.  

 

 

Recruited from 

inpatient neurological 

rehabilitation unit in 

Salzburg. 

40 recruited, 21 to 

Intervention, 19 to 

control. 37 completed 

the study (intervention 

n=19, control n=18).  

21 were followed up 

(Intervention n=9, 

control n=12). 

Demographics; FES 

group; 12 male, 7 

female, mean age 59 

±14 years, , infarct 15, 

bleed 4, time since 

stroke, 62 ±43 days, 5 

20 minutes x 3 a week, for 

a month (12 sessions). 

1 minute warm up of 

active cycling, 19 minutes 

of FES assisted cycling. 

FES stimulation to 

quadriceps and hamstring 

muscles. 

Comparator; 20 minutes x 

3 a week, for a month (12 

sessions). 

1 minute warm up, 19 

minutes active cycling. 

 

Outcome measures 

assessed at start, end. 

And 2 weeks after the 

study ended. 

FAC & POMA, MI, 

MAS & 10MWT. 

 

 

Both groups improved 

significantly over time. 

Significant improvements for 

the FES group for POMA 

(p=<0.0004), FAC (p=0.001) 

and MI (p=0.005). 

Significant improvements for 

the control group for POMA 

(p=0.003) and MI (p=0.004), 

which were not maintained at 

follow up. 

At follow up the control group 

walked significantly faster than 

FES group (p=0.049). 

No significant change MAS 

score between groups for knee 
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right and 14 left 

hemiplegia. Control 

group; 9 male, 9 

female, mean age 64 ± 

11 years, infarct 10, 

bleed 8, time since 

stroke 42 ± 45 days, 10 

right and 8 left 

hemiplegia. 

flexors (p=0.988) and extensors 

(p=0.258). 

There was no significant 

difference in 10MWT between 

groups (p=0.649). 

 

Edwards et al 2018 

Pilot randomized 

controlled trial of 

functional electrical 

stimulation cycling 

exercise in people with 

multiple sclerosis with 

mobility disability. 

 

Randomised controlled 

trial. 

People with MS, 

recruited via local 

media announcements 

in Ottawa. 

11 recruited; 

intervention (n=6), 

control (n=5).  8 

completed the study: 

intervention (n=4), 

control (n=4). 

Demographics: 7 

female, 1 male, mean 

age 52.9±7.9 years, 

EDSS 6.3±0.5, 4 

RRMS, 4 progressive 

MS, disease duration 

21.5±6.6 years. 

 

3 x weekly cycling with 

for 6 months as protocol 

below.  

5 minute warm up and 

cool down of passive 

cycling. Start with 10 

minute sessions cycling at 

50rpm for 1st month, 

increased by 10 minutes 

per month until managing 

30 minutes and continued 

to 6 months. 

FES stimulation to 

Quadriceps, hamstrings 

and gluteal muscles 

stimulated at intensity to 

produce 50 rpm. 

Comparator; 3 x weekly 

passive cycling, for 6 

months as above. 

Outcome measures 

assessed at start and 

end. 

T25FW, TUG, 

MSWS-12, 2MWT, 

cardio-respiratory 

fitness – VO2peak and 

WRpeak, muscle 

strength – 

dynamometer. 

 

No significant levels reported 

only effect sizes. 

FES group showed small 

improvements in T25FW 

(d=0.40), TUG (d=-0.30), 

2MWT (d=0.20) and VO2peak 

(d=0.34). 

Moderate decrease in MSWS-

12 (d=-0.68).   

Moderate improvement in 

WRpeak (d=0.65), knee 

extensor strength (d=0.56), leg 

bone mineral density (d=0.57). 

Large correlation between 

changes in T25FW and 

VO2peak/WRpeak (p=0.62-

0.69).  

Moderate correlation between 

changes in T25FW and knee 

extensor strength (p=0.31). 
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Barclay et al 2019 

The effect of cycling 

using active-passive 

trainers on spasticity, 

cardiovascular fitness, 

function and quality of 

life in people with 

moderate to severe 

Multiple Sclerosis 
(MS); a feasibility 

study. 

 

Randomised controlled 

trial, two parallel 

groups. 

 

Recruited MS 

participants from 

inpatient neurological 

rehabilitation unit in 

Glasgow. 

24 recruited, 15 to 

Intervention, 9 to 

control. 

Demographics; 

Intervention group; 6 

male, 9 female, mean 

age 54.9 ±2.6 years, 3 

PPMS, 10 SPMS, 2 

RRMS, mean EDSS 

7.2 ± 0.2. Control 

group; 6 female, 3 

male, mean age 53.6 

±2.7 years, 2 PPMS, 6 

SPMS, 1 RRMS, mean 

EDSS 7.3 ± 0.2. 

30 minutes x 5 a week, for 

a month (20 sessions).   

Comparator; Nil. 

 

In addition both groups 

received 

PT/OT/SLT/Psychology as 

part of standard care. 

 

Outcome measures 

assessed at start and 

end. 

MAS, MSSS-88, 

OUES, FIM, T25FW 

& MSQOL-54. 

Cycling data also 

recorded. 

 

 

Both intervention and control 

groups showed improvements 

in average scores for each 

outcome measure, but no 

significant differences between 

groups were found.  (MSSS-88 

p=0.363, OUES p=0.838, FIM 

p=0.290, T25FW p=0.302 & 

MSQOL-54: MH p=0.631, PH 

p=0.838). 

Significant improvements in 

cycling data for the 

intervention group with average 

increase in speed, distance and 

power output (p<0.01 in all). 

Significant improvement in 

average distance cycled 

(p=0.032), speed (p=0.026) and 

power output (p=0.006). 

Shariat et al 2019 

Effect of cycling and 

functional electrical 

stimulation with linear 

and interval patterns of 

timing on gait 

parameters in patients 

after stroke: a 

randomized clinical 

trial. 

Recruited from 3 

rehabilitation units in 

Tehran. 

36 recruited, 6 dropped 

out, 30 completed 

(linear group n=14, 

interval=16). 

Demographics; 17 

male, 13 female, 16 left 

hemiplegia, 14 right 

28 minutes x 3 week, for 4 

weeks. 

Each group completed 8 

minutes of active cycling 

and 20 minutes of active 

cycling with FES 

stimulation. 

Outcomes measured at 

start, 4 weeks and 8 

weeks. 

10MWT, FAC, 

MMAS, AROM, TUG 

and SLS. 

10MWT; significant group by 

time effect shown (p=0.001). 

FAC; Significant group by time 

effect found (p=0.01).  

Spasticity; Significant group by 

time effect shown at 

plantarflexors (p=0.023) and in 

quadriceps (p=0.005). 
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Randomised controlled 

trial, two parallel 

groups. 

 

hemiplegia, 9 stroke 

onset between 6-12 

months, 21 stroke onset 

between 12-18 months. 

No other demographic 

detail provided. 

 

Stimulation to biceps 

femoris and peroneal 

muscles. 

Linear group; 8 minutes of 

active cycling, 20 minutes 

of active cycling with FES 

stimulation. 

 

Interval; 4 x bouts of 

active cycling with FES 

stimulation with break of 

1-2 minutes between each. 

AROM; Significant increase in 

ankle and knee ROM in 

interval group (p<0.001 for 

both).  

TUG; No significant group by 

time effect shown (p=0.238).  

Interval group improved more 

than the linear group after 4 

weeks. 

SLS; No significant group by 

time effect shown (p=0.260). 

Significant results were also 

maintained at follow up. 

Ambrosini et al 2020 

A multimodal training 

with visual 

biofeedback in 

subacute stroke 

survivors: a 

randomized controlled 

trial. 

 

Randomised controlled 

trial. 

Recruited from 

inpatient rehabilitation 

unit in Italy. 

68 recruited, 

intervention n=34) and 

control group (n=34.  

52 completed the study, 

both groups (n=26).  At 

6 month follow up each 

group (n=16). 

Demographics; 

Intervention group: 21 

male, 13 female, mean 

age 73.7 ±11.7 years, 

mean time since stroke 

13.9 ± 5.0 days, 21 

20 minutes of biofeedback 

FES cycling and 70 

minutes of usual care, x5 

week, for 15 sessions. 

Followed by 20 minutes of 

biofeedback balance 

training and 70 minutes of 

usual care, x 5 week, for 

15 sessions.  

Quadriceps, Hamstring, 

Lateral gastrocnemius and 

tibialis anterior were 

stimulated bilaterally. 

Comparator; 30 sessions of 

usual care lasting 90 

minutes. 

Outcome measures 

assessed at start, after 

15 sessions, end of 

intervention and at 6 

month follow up. 

Gait speed, spatio-

temporal gait 

parameters, 6MWT, 

FIM, MI, trunk control 

test, BBS, Falls 

efficacy scale. 

Both groups significantly 

improved over time in all 

outcome measures (p<0.001), 

which was maintained at follow 

up.  A significant effect on gait 

speed was report at the end of 

the intervention for both groups 

(p=0.048).  Those more 

severely affected at the start 

showed more significant 

improvements (p=0.008).  

A trend in favour of the 

intervention group was noted 

for all outcome measures, 

however this was not 

significant.  
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right hemiplegia, 13 

left hemiplegia, 28 

ischaemic, 4 

haemorrhagic, 1 

haematoma.  

Control group; 17 

males, 17 females, 

mean age 72.9 ±12.8 

years, mean time since 

stroke 18.0 ±14.3 days, 

15 right hemiplegia, 19 

left hemiplegia, 26 

ischaemic, 5 

haemorrhagic, 3 

haematoma. 

Inclusion criteria; first 

stroke, < 6 months, 

between 18-90 years, 

lower limb mobility to 

allow cycling, able to 

sit up for 30 mins. 

Exclusion criteria; 

unable to follow 

commands, 

cardiovascular or 

respiratory instability, 

other neurological 

disease, spatial 

hemineglect, severe 

aphasia, major visual 

deficits, cardiac 
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pacemakers, allergy to 

electrodes, unable to 

tolerate FES. 

Backus et al 2020 

Effects of Functional 

Electrical Stimulation 

Cycling on Fatigue and 

Quality of Life in 

People with Multiple 

Sclerosis who are 

Nonambulatory. 

 

Randomised controlled 

trial 

Recruited from 

outpatient MS clinic & 

services in Atlanta. 

21 recruited, 

intervention group 

(n=12), control group 

(n=9), 12 completed 

(n=6 in both groups). 

Demographics; 7 

females, 5 males, mean 

age 55.42 years ±10.33 

(range 39-70), RRMS 

3, SPMS, 4, not 

specified 5, EDSS 

median 7.2, 6 EDSS 

7.0, 3 EDSS 7.5, 1 

EDSS 8.0, 2 EDSS 8.5.  

Inclusion criteria; at 

least 18 years old, 

physician diagnosed 

MS, nonambulatory 

(EDSS>6.5), 

experiencing fatigue on 

fatigue severity score. 

Exclusion criteria; 

neuromuscular, 

musculoskeletal or 

FES cycling 30 minutes, x 

3 a week, 12 weeks. 

Gluteus maximus, 

hamstrings and quadriceps 

stimulated. 

Aim to cycle at 35-50rpm. 

Comparator; 12 week of 

normal activities. 

Outcome measures 

assessed at different 

points in the study.  

Adverse effects were 

recorded daily.  The 

other measures were 

assessed within a week 

of starting the study 

and completing the 

study.   Safety/adverse 

effects assessed, MAS, 

Muscle strength, 

MFIS-5, FSMC, 

Medical outcomes 

pain effects scale, 

PHQ-9 Patient health 

questionnaire 9, 

MSQOL-54 and 

exercise self-efficacy 

scale. 

6 adverse effects; 5 in the 

intervention, 1 in the control 

group.   

P values not reported, only 

effect size. 

Minimal change in VAS for 

fatigue, pain or spasticity 

following cycling. 

Minimal change in MAS or 

muscle strength scores. 

Large effect from the 

intervention on MSQOL-54 

subscores for physical health 

(d=0.85) and health perception 

(d=1.12), health distress 

(d=1.22) and physical health 

composite (d=1.48) with 

intervention group improving 

and control group declining. 

Large effects on physical 

composite of the PHQ-9 

(d=0.76) for intervention. 

Moderate effect between 

groups on MFIS-5 (d=0.60), 

PHQ-9 (d=0.67) and 
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cardiovascular 

injury/disease that 

precluded exercising 

using FES, unstable 

long bone fracture of 

leg or trunk, allergy to 

electrodes, inability to 

sit for 1 hour, relapse in 

past 6 months, or no 

contraction with FES. 

participants reports of self-

efficacy (d=0.46).   

No meaningful difference on 

FSMC (d=0.29), pain effects 

scale (d=0.10). 

Hochsprung et al 2020 

Effect of visual 

biofeedback cycling 

training on gait in 

patients with multiple 

sclerosis. 

 

Randomised controlled 

trial. 

Recruited from 

multiple sclerosis unit 

in Seville, Spain. 

61 recruited, 

intervention group 

(n=30) and control 

group (n=31). 

Demographics; 

Intervention group; 20 

females, 10 males, 6 

PPMS, 11 RRMS, 13 

SPMS.   

Control group; 16 

females, 15 males, 8 

PPMS, 16 RRMS, 7 

SPMS.  

No other demographic 

detail provided. 

30 minutes x 1 week for 3 

months. 

Working at 75% of the 

maximal resistance using 

co-ordination programme. 

Also received a home 

exercise programme to 

complete. 

Comparator; home 

exercise programme only. 

Outcome measures 

assessed at start, 1 

month and end of 

intervention. 

Spatio-temporal gait 

analysis using GaitRite 

system including stride 

length, walking speed 

and cadence. 

The intervention group showed 

significant improvements in 

spatio-temporal gait parameters 

within the first month 

(p<0.014) and at the end of the 

intervention (p<0.002), stride 

length after a month (p<0.01) 

and at the end of intervention 

(p<0.002).   

The control group showed 

significant improvements to 

stride length by the end of the 

intervention (p<0.04) only. 

No significant changes to 

walking speed or cadence were 

reported in either group. 
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Inclusion criteria; 

referral by neurologist, 

MS diagnosed at least 

2 years, EDSS 2-6.5 

(median EDSS 4.3), 

aged between 20-70 

years, clinically stable 

for 3 months prior, no 

cognitive impairment 

using MMSE, able to 

consent. 

Exclusion criteria; 

severe comorbidities, 

patients receiving 

biofunctional PT, 

unable to follow 

instructions or answer 

questions, relapse 3 

months before or 

during intervention, 

visual defects. 

 

Abbreviations: RPM - Revolutions per Minute, 2MWT - 2 Minute Walk Test, 6MWT - 6 Minute Walk Test, BBS - Berg Balance Scale, 

10MWT - 10 Metre Walk Test, TUG - Timed Up and Go, SCI – Spinal Cord Injury, ASIA – American Spinal Cord Injury Assessment, MAS - 

Modified Ashworth Scale, ROM – Range of Movement, Hmax/Mmax - Hoffmans reflex, FES – Functional Electrical Stimulation, PT – 

Physiotherapy, OT - Occupational Therapy, PRISM - Patient Reported Impact of Spasticity Measure recorded, GIC – Global Impression of 
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Change, W – Watts, FAC - Functional Ambulation Capacity, POMA - Performance Orientated Mobility Assessment, MI - Motricity Index, 

EDSS - Extended Disability Status Scale,  MS - Multiple Sclerosis, RRMS - Relapsing and Remitting MS, PPMS - Primary Progressive MS, 

SPMS - Secondary Progressive MS, T25FW - Timed 25 Foot walk, MSWS-12 - 12 Item MS Walking Scale, VO2peak - Peak Oxygen Uptake, 

WRpeak  - Peak Work Rate, SLT – Speech and Language Therapy, MSSS-88- Multiple Sclerosis Spasticity Scale, OUES – Oxygen Uptake 

Efficiency Slope, FIM – Functional Independence Measure, MSQOL-54- Multiple Sclerosis Quality of Life -54, MH - Mental Health, PH - 

Physical Health, MMAS – Modified Modified Ashowrth Scale, AROM – Active ROM, SLS –Single leg stance, MFIS-5 – Modified Fatigue 

Impact Scale, FSMC - Fatigue Scale for Motor and Cognitive functions, PHQ-9 - Patient Health Questionnaire 9, MMSE – Mini Mental State 

Examination. 

NB p values are included where stated in the papers 
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Table 2 Results of Quality assessment - Downs and Black checklist  

Author/ 

Question 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 Total 

Ambrosini et al 

2020 

1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 0 1 1 1 24 

Backus et al 

2020 

1 1 1 0 1 1 1 1 0 0 0 1 1 0 1 1 1 1 0 1 1 0 1 0 0 1 0 17 

Hochsprung et 

al 2020 

1 1 1 1 0 1 1 0 1 1 1 1 1 0 1 1 1 1 0 1 1 0 1 0 0 1 0 19 

Barclay et al 

2019 

1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 1 0 0 1 0 22 

Shariat et al 

2019 

1 1 1 1 0 1 1 0 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 0 0 1 1 22 
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Edwards et al 

2018 

1 1 1 0 0 1 1 1 1 1 0 0 0 0 1 1 1 0 1 1 0 0 1 0 0 1 0 15 

Bauer et al 2015 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 0 0 1 1 23 

Yang et al 2014 1 1 1 1 0 1 1 1 1 0 0 0 1 0 1 1 1 1 0 1 0 1 1 0 1 1 0 18 

Ralston et al 

2013 

1 1 1 1 0 1 1 1 1 0 1 1 1 0  1 1 1 1 1 1 1 1 1 1 0 1 0 22 

Laupheimer et 

al 2011 

1 1 1 1 0 0 0 0 1 1 0 0 1 0 0 1 1 1 0 1 1 0 1 0 0 1 0 14 

Rayegani et al 

2011 

1 1 1 1 0 1 1 0 0 1 1 0 1 0 0 1 1 1 0 1 1 1 1 0 0 1 0 17 

Kamps et al 

2005 

1 1 1 1 0 1 1 0 1 1 1 1 1 0 0 1 1 1 0 1 1 1 1 0 0 1 0 19 
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Figure 2 Results from meta-analysis for the effect of APT on walking endurance 

(6MWT) 

 

 

Figure 3 Results from meta-analysis for the effect of APT on walking speed (m/s) 
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Appendix 1 

Resources searched:  CINAHL, Medline, Embase, Epistemonikos, Google Scholar 

Search strategy: 

1. motomed.tw. or "leg bike*".mp.  

2. "active passive trainer*".mp.   

3. "lower body ergometer".mp.   

4. (ergometer adj (leg or lower or cycl$)).tw.  

5. "biofeedback cycle train*".tw.  

6. "passive cyclic exercise".mp.   

7. cyclo-ergometer.mp.  

8. "robot assisted therapy".mp.   

9. "robot assisted movement".mp.   

10. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9  

11. exp Neurological Rehabilitation/  

12. exp Neurology/  

13. exp Craniocerebral Trauma/  

14. ((head or brain) adj (injur* or trauma or damage*)).tw.  

15. exp Stroke Rehabilitation/ or exp Stroke/  

16. stroke*.tw.  

17. 

"cerebrovascular accident*".mp. [mp=title, abstract, original title, name of substance 

word, subject heading word, floating sub-heading word, keyword heading word, 

organism supplementary concept word, protocol supplementary concept word, rare 

disease supplementary concept word, unique identifier, synonyms]  
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18. exp Multiple Sclerosis/  

19. "multiple sclerosis".tw.  

20. 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19  

21. 10 and 20  

22. exp Electric Stimulation Therapy/  

23. functional electrical stimulation.tw.  

24. fes.tw.  

25. 22 or 23 or 24  

26. exp Bicycling/  

27. (cycl$ or bike$ or ergomet$).tw.  

28. 26 or 27  

29. fesc.tw.  

30. 25 and 28  

31. 29 or 30  

32. exp Spinal Cord Injuries/  

33. exp Quadriplegia/  

34. exp PARAPLEGIA/  

35. (spinal cord adj2 (injur$ or lesion$ or impair$)).tw.  

36. sci.tw.  

37. (tetraplegi$ or quadriplegi$ or paraplegi$).tw.  

38. 32 or 33 or 34 or 35 or 36 or 37  

39. 10 or 31  

40. 20 or 38  
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41. 39 and 40 

 

 

 


