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1. Research context 

Multiple sclerosis (MS) is a neurodegenerative disease in which the immune system causes 

inflammation in the central nervous system (CNS). This leads to impaired communication 

between the different brain areas and the rest of the body (Klineova & Lublin, 2018). The 

population most frequently affected is people aged between 20 and 40 years old. For this 

reason, MS is classified as one of the most important causes of disability in young adults 

(Conradsson et al., 2018). One bodily function that people with MS (pwMS) often experience 

difficulty with is walking (Kister et al., 2013). MS patients show a decrease in walking speed as 

walking duration increases (Leone et al., 2016; Ramari et al., 2022). This reduced walking 

speed over time might be intended as a strategy to deal with negative changes in 

spatiotemporal gait parameters, lack of motivation and high perceived fatigue (Abasiyanik et 

al., 2022; Comber et al., 2017; Lind et al., 2009; Valet et al., 2017). But despite the evidence 

about walking in pwMS, the specific cause of slowed walking speed during prolonged walking 

remains unclear. This leads to an interest in the impact of visual feedback during prolonged 

walking. Recent studies have suggested that the application of visual feedback can lead to an 

increase in attentional focus (Oh et al., 2018). This is important as maintaining attentional 

focus during daily life activities is challenging for pwMS (Jongen et al., 2012). Therefore, more 

attentional focus can positively impact the perceived fatigue and motivation during exercise 

(Lind et al., 2009). However, from our knowledge, there is currently no study about the use of 

real-time visual feedback on walking speed and its impact on gait behaviour and rate of 

perceived exertion (RPE) in pwMS. 

This experimental, cross-sectional pilot study which examines whether real-time visual 

feedback on walking speed can impact gait behaviour and RPE during intermittent 12-minutes 

walking in low disabled pwMS can be placed within the domain of neurological diseases. This 

master’s thesis can be situated within a broader study of Prof. Dr. Peter Feys and Dr. Cintia 

Ramari Ferreira, in which they want to gain more insight into walking related fatigability, 

mainly in terms of kinetic and kinematic gait analysis and neurophysiological measurements 

during prolonged walking under different feedback conditions. Gait behaviour by the means 

of spatiotemporal gait parameters, rate of perceived exertion and affective response will be 

investigated in this master’s thesis. All measurements were performed in the Rehabilitation 

Research Center of UHasselt (REVAL).  
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The research question is determined by the master’s students (D.C. and T.R.) in collaboration 

with promotors Prof. Dr. Peter Feys and Dr. Cintia Ramari Ferreira. The selected research 
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2. Abstract 

Background: Since people with multiple sclerosis (pwMS) experience serious difficulty during 

prolonged walking, even in early disease stages, it is important to understand how gait can be 

improved. Adjustment of attentional focus through visual feedback on walking speed could 

be a possibility. However, little research has been done on the impact of visual feedback 

regarding walking speed on spatiotemporal gait parameters.  

Objectives: The primary aim of this study was to investigate whether spatiotemporal gait 

parameters change over time when applying real-time visual feedback on walking speed 

during prolonged walking in pwMS. Secondary, we were interested in the effects of applying 

real-time visual feedback on RPE and affective response in pwMS. 

Participants: Nine pwMS and nine age- and gender matched healthy controls (HC) were 

included. There was a distribution of six females and three males in the pwMS group and eight 

females and one male in the HC group. Within the pwMS group, the mean Expanded Disability 

Status Scale (EDSS) score was 2, indicating low disability due to MS, and the mean number of 

years since disease onset was 7.3. 

Protocol and measurements: The intermittent 12-minutes walking protocol (6x2’) was 

performed for functional human gait analysis. We report on spatiotemporal gait parameters, 

such as walking speed, cadence, step length, stride time, step width, stance swing, stance time 

and swing time. Self-reported measures related to rate of perceived exertion (RPE) and 

affective response were also administered. 

Results: No significant changes in spatiotemporal gait parameters and affective response for 

both groups and feedback conditions were detected, while a significant increase in RPE was 

only observed for HC in both feedback conditions. However, significant differences in walking 

speed and RPE were identified between pwMS and HC. 

Conclusion: No significant differences in spatiotemporal gait parameters, RPE and affective 

response were found for pwMS in both feedback conditions. This means that intermittent 12-

minutes walking did not significantly affect the outcome measures examined, regardless of 

feedback condition, although slight improvements in walking speed could be noticed. 

Keywords: Multiple sclerosis, walking, visual feedback, attentional focus. 
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3. Introduction  

MS is an autoimmune inflammatory and neurodegenerative disorder of the CNS. This implies 

that MS causes demyelination of axons, consequently brain signals can no longer be properly 

delivered to the different areas of the brain and to the periphery (Klineova & Lublin, 2018). As 

patients are commonly diagnosed between the age of 20 and 40 years old, this disease is one 

of the most important causes of disability in young adults worldwide (Conradsson et al., 2018). 

Within this patient population, there is a large heterogeneity in terms of clinical presentation 

and progression. Symptoms of MS include motor, sensory and cognitive dysfunctions in 

varying degrees of severity (Comber et al., 2017).  

Walking is one of the most important bodily functions for pwMS, according to patients and 

physicians. The importance of this function remains the same regardless of disease duration 

and disability (Heesen et al., 2018). The majority of the MS patients often experience difficulty 

during prolonged walking (Kister et al., 2013). Previous studies demonstrated that pwMS 

gradually slow down during the 6-minutes walking test (6MWT) and the intermittent 12-

minutes walking protocol. (Leone et al., 2016; Ramari et al., 2022). This reduced walking speed 

over time might be intended as a strategy to deal with the various dysfunctions these patients 

have. Slowing down over time have been related to reduced muscle strength and power, 

balance (Ramari et al., 2022) and increased symptom perception (Van Geel et al., 2021). The 

constraints that may be compensated by reduced walking speed are negative changes in 

spatiotemporal gait parameters, lack of motivation and high perceived fatigue. When it comes 

to spatiotemporal gait parameters, pwMS usually present decreased cadence, step length and 

stride length as well as increased step time, stride time, step width and double limb support 

(Abasiyanik et al., 2022; Comber et al., 2017). Yet, these modifications in their gait pattern are 

not related to differences in walking speed (Remelius et al., 2012). Regarding motivation, 

there is a negative correlation between walking duration and affective response. This implies 

that prolonged walking is associated with a decrease in pleasure (Lind et al., 2009). However, 

from our knowledge, no study has investigated affective response during walking in pwMS. 

Concerning perception of fatigue, pwMS often show a discrepancy between objective 

measures of fatigue and perceived fatigue, with perceived fatigue much higher than objective 

measures of fatigue (Valet et al., 2017). But despite all the evidence about walking in pwMS, 

the specific cause of slowed walking speed during prolonged walking remains unclear.  



6 
 

To further examine this unresolved topic, visual feedback can be offered during prolonged 

walking. In contrast to healthy individuals, pwMS need to frequently re-establish their gait to 

maintain a normal pattern and this requires more attentional focus. Evidence suggests that 

the application of visual feedback can lead to an increase in attentional focus (Oh et al., 2018). 

This is necessary as MS patients often have difficulty maintaining attentional focus during daily 

life activities such as walking (Jongen et al., 2012). The respective visual feedback can be 

categorized as an associative external cue attentional focus as it relates to pace monitoring 

(Schomer, 1986). However, this type of attentional focus affects not only the re-establishment 

of gait but also impacts motivation and perceived fatigue (Lind et al., 2009). In terms of 

motivation, individuals report more drive when receiving feedback about their walking pace 

compared to receiving no feedback at all (Beedie et al., 2012). Related to perceived fatigue, 

pwMS usually show a higher RPE during walking because of the greater impact of locomotion 

on fatigue in these patients (Chung et al., 2016). However, these individuals with MS 

experience less perceived fatigue when walking is combined with visual feedback, especially 

at higher exercise intensities (Lind et al., 2009). Consequently, it can be suggested that the 

impact of different attentional focus strategies during walking should not be underestimated.  

Nevertheless, there is still a lack of evidence about the interaction between the use of visual 

feedback and its impact on gait pattern in pwMS and healthy people. Therefore, the primary 

aim of this study was to investigate whether spatiotemporal gait parameters change over time 

when applying real-time visual feedback on walking speed during prolonged walking in pwMS. 

Secondary, we were interested in the effects of applying real-time visual feedback on RPE and 

affective response in pwMS. We examined this by comparing spatiotemporal gait parameters, 

RPE and affective response during walking on a split-belt instrumented treadmill with and 

without real-time visual feedback on walking speed.  

First, we hypothesized that the real-time visual feedback would motivate people to maintain 

their gait speed, but adjustment in the spatiotemporal gait parameters would be necessary to 

keep their pace steady until the end of the test protocol or to even increase their walking 

speed over time. Second, we hypothesized that RPE would increase at a higher rate and 

affective response would decrease during the protocol with real-time visual feedback as 

individuals will be instructed to respect the walking speed on the real-time visual feedback.  
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4. Methods 

4.1 Study design 

The current pilot study included an experimental, cross sectional study design and evaluated 

healthy female and male persons as well as female and male pwMS. All study documents used 

were approved by the central ethical committee of UHasselt (Belgian number: 

B1152021000027). The study was also registered in the clinical trials website.  

4.2 Participants 

Nine pwMS and nine age- and gender matched healthy controls (HC) were included, resulting 

in a pwMS group and a HC group. The inclusion criteria for the pwMS group were age between 

20 and 65; diagnosis of MS with Expanded Disability Status Scale (EDSS) 1 to 5.5 (this means 

able to walk without an aid such as a cane); no relapse due to MS in the past month; ability to 

walk uninterrupted for 6 minutes. The first mentioned inclusion criterion also applied to the 

HC group. Participants of both groups were excluded in case of mental difficulties hindering 

understanding of study instructions; pregnancy; conditions of muscles or joints in the legs 

unrelated to MS that affected walking. 

All participants were recruited by sending e-mails to persons from the database of UHasselt, 

posting flyers on the social media channels of UHasselt and contacting the MS centers of 

Noorderhart and Melsbroek. All necessary information and explanation were always provided 

to the persons addressed. After they had given their signed consent, demographic data such 

as age and gender, as well as MS-related information such as EDSS, type of MS and number of 

years they have had MS were asked to the participants or their caregivers.   
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4.3 Procedure 

4.3.1 Flow chart 

 

Figure 1. Experimental protocol. pwMS people with multiple sclerosis, HC healthy controls, MFIS modified fatigue impact 
scale, GRAIL gait real-time analysis interactive lab, 2MW 2 minutes walking, RPE rate of perceived exertion. 

4.3.2 Intermittent 12-minutes walking protocol on the GRAIL 

The Gait Real-Time Analysis Interactive Lab (GRAIL) (figure 2) and passive reflective markers 

were used for this protocol. The GRAIL enables functional human gait analysis. This high-

technological equipment combines a fully instrumented treadmill with a self-paced option, an 

integrated motion capture system, three video cameras and an EMG system. Participants 

walked on a split-belt instrumented treadmill, with 160 semi-cylindrical projection screens of 

which the optical flow was continuously matched to the walking speed (GRAIL, Motek Medical 

BV, the Netherlands). Force sensors underneath each belt (50 x 200 cm) recorded the ground 

reaction forces and moments. 3D locations of the lower body were tracked using passive 

markers and a 10-camera Vicon MX optical infrared system (Oxford Metrics, UK), synced at 

200 Hz to the force data. Lower body joint kinematics and kinetics were calculated in real-time 

using the Human Body Model (HBM) (HBM; Motek Medical BV).  
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Figure 2. Gait Real-Time Analysis Interactive Lab with real-time visual feedback on walking speed. 

 

Therefore, patients were fitted with 22 passive reflective markers on their lower body (e.g. 

ankle, knee, hip, trunk) using the HBM (figure 3). Knee and ankle widths were measured using 

the joint rules for the HBM. Participants wore the safety harness and were given a minimum 

of five minutes to adapt to the self-paced treadmill walking. Treadmill and recordings of gait 

cycles were controlled using D-Flow software (version 3.26, Motekforce Link, Amsterdam, the 

Netherlands). 

 

Figure 3. Placement of reflective markers using the Human Body Model.  

 

After the placement of the reflective markers, participants were instructed to perform the 

following protocol. First, a familiarization of two times 2-minutes walking on a treadmill 

(GRAIL) was performed so the participants could get used to this. After the familiarization, a 

rest period of 20 minutes was inserted. Then, the 12-minutes intermittent walking test was 

started (Ramari et al., 2022). The participants had to walk six rounds of 2-minutes on a 

treadmill (GRAIL) with 40 seconds rest between each round (figure 4). Within this time, they 



10 
 

had to walk as fast and safe as possible without real-time visual feedback. After this first 

walking bout, the participants were required to rest for 60 minutes. Finally, the 12-minutes 

intermittent walking test was repeated but this time with real-time visual feedback. The 

feedback was related to participants’ walking speed during the first 2-minutes walking of the 

previously completed 12-minutes intermittent walking bout. The goal was to walk as fast or 

faster than this pace.  

 

Figure 4. Representation of the intermittent 12-minutes walking protocol. 
 

4.3.3 Descriptive outcome measures 

Before the start of the intermittent 12-minutes walking protocol, one descriptive outcome 

measure was administered.  

Perceived fatigue 

The Modified Fatigue Impact Scale (MFIS) is an assessment of the effects of perceived fatigue 

in terms of physical, cognitive and psychological functioning. This questionnaire contains 21 

items about how perceived fatigue has affected the participants’ daily life in the past four 

weeks. Each item is rated on a 5-point scale ranging from ‘never’ (0) to ‘almost always’ (4). 

The higher the score, the higher the impact of perceived fatigue on daily life (Kos et al., 2005; 

Noonan et al., 2012).  

4.3.4 Self-reported outcome measures 

During the performance of the intermittent 12-minutes walking protocol, some self-reported 

outcome measures were administered (figure 5)  

Rate of perceived exertion  

The BORG scale consists of a continuum ranging from ‘not fatigued’ (6) to ‘totally exhausted’ 

(20) (Shariat et al., 2018). This scale was administered before the start of the intermittent 12-

minutes walking protocol and after each round of 2-minutes walking. 
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Affective response 

The 11-point Feeling Scale consists of numbers from +5 to -5 where +5 means that participants 

are feeling ‘very good’ and -5 means that participants are feeling ‘very bad’. This scale was 

also administered before the start of the intermittent 12-minutes walking protocol and after 

each round of 2-minutes walking. 

Motivational state 

The 5-point Likert scale consists of one question that must be answered with a score from 0 

to 4, where score 0 means ‘not at all’ and score 4 means ‘extreme’. The question asked was: 

‘how motivated are you to perform the experimental protocol?’. This scale was again 

administered before the start of the intermittent 12-minutes walking protocol and after each 

round of 2-minutes walking. 

 

Figure 5. Administration of self-reported outcome measures during the intermittent 12-minutes walking protocol 

4.3.5 Spatiotemporal gait parameters 

During the completion of the intermittent 12-minutes walking protocol, an extensive gait 

analysis was performed (Gait Real-Time Analysis Interactive Lab; (GRAIL); Motekforce Link, 

Amsterdam, Nederland). This gait analysis resulted in spatiotemporal gait parameters such as 

walking speed, cadence, step length, stride time, step width, stance swing, stance time and 

swing time (figure 6). All outcome measures were extracted using a self-written MATLAB (The 

MathWorks, Natick, MA, USA) script.  
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Figure 6. Representation of the spatiotemporal gait parameters. 

4.4 Data analysis 

The means and standard deviations of all participants were calculated for participants’ 

characteristics, spatiotemporal gait parameters and self-reported outcome measures. The 

percentage change between round 1 and round 6 of each intermittent 12-minutes walking 

bout was also determined for gait pattern. The obtained absolute values and percentages 

were used for statistics. The statistical analyses were performed using JMP (JMP Pro 16, SAS 

Institute Inc., Cary, NC, USA). To determine whether there were significant differences in the 

absolute values of spatiotemporal gait parameters and self-reported outcome measures 

between each 2-minutes walking round of the 12-minutes walking bout, a one-way ANOVA or 

Kruskal Wallis test was performed, depending on whether the residuals were normally 

distributed. This was done separately for both the different groups and the different feedback 

conditions. To determine whether there were significant differences in percentage change of 

spatiotemporal gait parameters between the different groups and feedback conditions, a two-

way ANOVA was performed. To determine whether there were significant differences in the 

absolute values of walking speed and BORG-scale between the pwMS group and the HC group 

at each 2-minutes walking round time point, a mixed effects model (REML) and Tukey’s 

multiple comparisons test was used. A significance level of p<0.05 was used for both one-way 

ANOVA, Kruskal Wallis test, two-way ANOVA, mixed effects model (REML) and Tukey’s 

multiple comparisons test. 
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5. Results 

5.1 Participants’ characteristics 

Table 1 shows the participants’ characteristics (n=18). The study included nine pwMS and nine 

HC. There was a distribution of six females and three males in the pwMS group and eight 

females and one male in the HC group. PwMS had an average age of 48 years, with a range 

between 36 and 55 years, while HC had an average age of 37 years, with a range between 21 

and 60 years. The mean EDSS-score was 2, indicating low disability due to MS, and the mean 

number of years since disease onset was 7.3 in the pwMS group. Both groups showed a 

different perceived fatigue during the intermittent 12-minutes walking protocol, with a mean 

MFIS-score of 33.7 in the pwMS group and a mean MFIS-score of 10.3 in the HC group. 

However, this outcome measure showed strong variability between participants. 

Table 1 
Participants’ characteristics (n=18) 

 pwMS (n=9) HC (n=9) 

Female/male 8/1 6/3 

Age (years) 48 ± 7.36 37 ± 14.87 

Height (cm) 173.3 ± 8.15 169.7 ± 11.71 

Weight (kg) 81.0 ± 20.23 68.1 ± 13.56 

BMI (kg/m²) 26.7 ± 5.32 23.5 ± 3.50 

EDSS 2 ± 1.03 / 

Onset (years) 7.3 ± 5.72 / 

Time from last relapse (years) 4.8 ± 3.59 / 

Perceived fatigue (MFIS) 33.7 ± 17.61 10,3 ± 11.5 

pwMS people with multiple sclerosis, HC healthy controls, BMI body mass index, EDSS expanded disability status scale, MFIS modified fatigue 
impact scale. 

5.2 Gait pattern 

Figure 7 shows the changes over time in walking speed between each 2-minutes walking 

round of the intermittent 12-minutes walking protocol. After running a mixed effects model 

and a Tukey’s multiple comparisons test, significant differences in walking speed were found 

between pwMS and HC at each 2-minutes walking round time point. This implies that low 

disabled MS patients already present walking deficit and impairment compared to HC when 

asked to walk as fast and safe as possible. However, no significant differences in walking speed 

were found between walking with and without real-time visual feedback.  



14 
 

Figure 8 presents the changes over time in BORG-score between each 2-minutes walking 

round of the intermittent 12-minutes walking protocol. After performing a mixed effects 

model and a Tukey’s multiple comparisons test, significant differences in BORG-score were 

found between pwMS and HC at every 2-minutes walking round time point marked with an 

asterisk. However, again no significant differences in BORG-score were found between 

walking with and without real-time visual feedback.  

Figure 7. (A) Walking speed without and (B) with real-time visual feedback per 2-minutes during intermittent 12-minutes 

walking in pwMS and HC. 

 

Figure 8. (A) BORG-score without and (B) with real-time visual feedback per 2-minutes during intermittent 12-minutes 

walking in pwMS and HC.  

Figure 9 demonstrates the changes over time in walking speed and step length between each 

2-minutes walking round of the intermittent 12-minutes walking protocol. After running a 

one-way ANOVA or Kruskal Wallis test, no significant differences were observed regarding 

these two parameters for both groups and feedback conditions. However, the graphs did 

indicate that walking speed and step length either remained relatively constant or even 

increased. No decrease in both measures occurred.  
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Figure 10 exhibits the changes over time in cadence, stride time, step width, stance swing, 

stance time and swing time between each 2-minutes walking round of the intermittent 12-

minutes walking protocol. After performing a one-way ANOVA or Kruskal Wallis test, no 

significant differences were identified for all these spatiotemporal gait parameters in both 

groups and feedback conditions. Therefore, the apparent changes in spatiotemporal gait 

parameters on the graphs were not significant regardless of group or feedback condition.  

Table 2 presents the percentage changes in spatiotemporal gait parameters between round 1 

and round 6 of the intermittent 12-minutes walking protocol. After carrying out a two-way 

ANOVA, the data confirmed that there were no significant differences between the pwMS and 

HC as well as between the with and without real-time visual feedback conditions. The outcome 

measures did not experience greater changes in any particular group or feedback condition.  

    

     

Figure 9. (A) Walking speed and (B) step length per 2-minutes during intermittent 12-minutes walking in pwMS and HC.  
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Figure 10. (A) Other spatiotemporal gait parameters per 2-minutes during intermittent 12-minutes walking in pwMS. 
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Figure 10. (B) Other spatiotemporal gait parameters per 2-minutes during intermittent 12-minutes walking in HC. 
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Table 2 
Percentage change in spatiotemporal gait parameters of the last 2-minutes walking round to the first 
2-minutes walking round. 

 MS HC 

 WO WF WO WF 

Walking speed (m/s) 5.84% ± 11.69 0.38% ± 2.19 3.55% ± 6.77 0.71% ± 3.34 

Cadence (steps/min) -2.40% ± 9.08 -1.67% ± 4.27 1.48% ± 3.74 0.21% ± 3.34 

Step length (m) 8.82% ± 13.38 2.25% ± 4.83 2.38% ± 3.35 0.51% ± 1.56 

Stride time (sec) 3.29% ± 10.17 2.18% ± 5.67 -0.91% ± 3.57 -0.13% ± 3.24 

Step width (m) -1.91% ± 13.26 1.55% ± 18.33 -4.19% ± 14.24 -2.34% ± 12.28 

Stance swing (%) 0.67% ± 4.59 0.12% ± 8.61 0.70% ± 2.69 0.28% ± 1.81 

Stance time (sec) 4.66% ± 15.01 2.51% ± 9.30 -0.22% ± 4.76 0.16% ± 3.88 

Swing time (sec) 0.39% ± 10.56 0.42% ± 23.04 -2.16% ± 5.64 -0.51% ± 3.90 

MS multiple sclerosis, HC healthy controls, WO without real-time visual feedback, WF with real-time visual feedback. 

5.3 Self-reported measures 

Figure 11 shows the changes over time in RPE and affective response between each 2-minutes 

walking round of the intermittent 12-minutes walking protocol. The results of the BORG scale 

revealed a significant difference in RPE for the HC in both the with and without real-time visual 

feedback condition. This means that these participants demonstrated an increasingly higher 

RPE from the first to the last round of the protocol. For the pwMS, there was also an increase 

over time in terms of RPE, however this difference was not significant in both the with and 

without real-time visual feedback conditions. In contrast, the data of the feeling scale did not 

expose significant differences in affective response for both groups and feedback conditions.  
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Figure 11. (A) RPE and (B) affective response per 2-minutes during intermittent 12-minutes walking in pwMS and HC. 
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6. Discussion 

To the best of our knowledge, this was the first study to investigate whether real-time visual 

feedback on walking speed can impact gait behaviour and RPE during intermittent 12-minutes 

walking in low disabled pwMS. The main findings of this investigation demonstrated no 

significant changes in spatiotemporal gait parameters and affective response for both groups 

and feedback conditions, while a significant increase in RPE was only observed for HC in both 

feedback conditions. This indicates that intermittent 12-minutes walking did not significantly 

affect the outcome measures examined in pwMS, regardless of feedback condition. However, 

significant differences in walking speed and RPE were found between pwMS and HC. This 

implies that low disabled MS patients present walking deficit and fatigue compared to HC. 

No significant differences in spatiotemporal gait parameters during the intermittent 12-

minutes walking protocol were largely consistent with the results of Broscheid et al. (2022) 

where no deterioration of spatiotemporal gait parameters could be detected during the 

6MWT in pwMS. It can be assumed that both the 6MWT and the intermittent 12-minutes 

walking protocol did not lead to gait-related motor fatigue in pwMS. An explanation for this 

could be that only mildly disabled participants were included in these studies. The findings of 

Shema-Shiratzky et al. (2019) showed that changes in spatiotemporal gait parameters did 

occur during the 6MWT in moderately to severely affected pwMS. Therefore, not only the 

experimental protocol but also the research population should be considered. 

Although changes in all spatiotemporal gait parameters were not significant, a trend towards 

an increase in walking speed throughout the experimental protocol was observed in pwMS 

and HC. This correlates with the findings of Theunissen et al. (2023) where a small increase in 

walking speed was found during the 6MWT in pwMS. This assumes that walking speed is not 

an optimal measure for assessing motor fatigue in low disabled pwMS and HC when walking 

without turns, as described by Broscheid et al. (2022) and Escudero-Uribe et al. (2019). 

According to these studies, it is more appropriate to focus on gait variability parameters such 

as stride time and step width. From the results of our study, it can be deducted that these 

parameters show the greatest non-significant differences between both feedback conditions. 

Application of real-time visual feedback on walking speed resulted in higher step width and 

lower stride time, and therefore a more stable gait pattern. 
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Consequently, it can be argued that the implementation of real-time visual feedback on 

walking had a slight impact on spatiotemporal gait parameters, even though the changes were 

not significant. This is roughly in line with the research of Baram & Miller. (2006) in which they 

concluded that visual feedback improved walking speed and step length in pwMS. A later 

study of Malone & Bastian (2010) confirmed these findings by showing that conscious thinking 

of walking led to faster adaptation of the gait pattern. However, in both studies the visual 

feedback provided was not related to walking speed so further research is needed to gain 

more insight into the specific impact of real-time visual feedback regarding walking speed.  

RPE increasing not significant during the 12-minutes walking protocol in pwMS is incoherent 

with the findings of Theunissen et al. (2023) where a significant increase in RPE was found 

during the 6MWT in pwMS. In both studies, a split belt instrumented treadmill with a self-

paced function was used. This could be due to the fact that the 6MWT related to continuous 

walking while the experimental protocol of our study related to intermittent walking. It can 

therefore be supposed that intermittent 12-minutes walking did not induce exacerbation of 

perceived exertion in pwMS.  

Regarding the affective response, in this study pwMS and HC presented no significant increase 

or decrease in motivation. This was probably because the protocol of our study was not 

intense enough to elicit perceived fatigue. Lind et al. (2009) stated that the negative 

correlation between walking duration and affective response was mainly seen at high exercise 

intensities. Studies using a heavier experimental protocol can provide more information on 

this. 

Some limitations of this research must be recognised. First of all, only nine pwMS and nine HC 

were recruited in our study, so the sample size was rather small. For that reason, it was 

categorised as a pilot study. This limited number of participants resulted in a large variability 

in terms of spatiotemporal gait parameters between the different subjects, especially in the 

pwMS group. Therefore, this could have been a contributing factor for the absence of 

significant changes in spatiotemporal gait parameters, although there was a trend of 

improving performance by the increasing and maintaining walking speed for both groups. 

Future studies should take this into account by including more participants. A larger sample 

size will probably lead to significant differences in these outcome measures.  
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Another limitation relates to the experimental task. As the name itself indicates, it was not 

allowed to run during the intermittent 12-minutes walking protocol. The walking speed was 

therefore limited, and this mainly affected the HC group. Possibly changes in spatiotemporal 

gait parameters would have been occurred if there were no restrictions on speed. It would be 

interesting to observe if further research examines differences in spatiotemporal gait 

parameters during running without speed limitation.  

The last limitation relates to walking in a straight line during the entire experimental protocol. 

One reason for the finding that low disabled pwMS showed no significant differences in 

spatiotemporal gait parameters could be that the participants did not have to make turns 

while walking, which is the case during overground walking. It could be assumed that there is 

a difference in motor fatigue between walking in a straight line and walking with turns in this 

patient population. However, this limitation cannot be solved when using the GRAIL, as it is 

not possible to implement turns with this instrumented treadmill. 

This study also contained an important strength. The protocol used in this research is feasible 

to implement in clinical practice or even in the home setting. Instead of using the GRAIL, 

people can install smartphone apps that monitor spatiotemporal parameters during daily life 

activities. In this way, accurate information can be collected using affordable technological 

equipment. 

Further research into the impact of real-time visual feedback on gait speed during intermittent 

prolonged walking is needed. However, we advise for continuous and long walking (i.e., 

approximately 20 minutes) to investigate the impact of real-time visual feedback on gait 

behaviour and RPE. There is need for a study with a larger sample size, so that the variability 

between subjects does not have such a large influence on the outcome measures. Moreover, 

the walking protocol should be reviewed and eventually adjusted since there were some 

limitations. Further clinical research is required to provide clearer information about the 

difference between applying visual feedback or not during prolonged overground walking. 
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7. Conclusion 

This study showed no significant changes in spatiotemporal gait parameters and affective 

response for both groups and feedback conditions. A significant difference in RPE was only 

observed for HC in both feedback conditions. This indicates that intermittent 12-minutes 

walking did not significantly affect the outcome measures examined in pwMS, regardless of 

feedback condition, although slight improvements in walking speed could be noticed. More 

extensive research is needed, this time with a larger sample size of pwMS to determine the 

differences in spatiotemporal gait parameters and RPE between prolonged walking with and 

without real-time visual feedback on walking speed.  
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9. Appendix 

9.1 Registration form 
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9.2 Advice promotor 
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9.3 Decision tree statistics 
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9.4 Informed consent 
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