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A B S T R A C T   

Background: Impairment of upper limb function is common in Multiple Sclerosis (MS). Rehabilitation remains a 
key strategy to manage symptoms and improve quality of life. The Under & Over study assessed the effectiveness 
of a rehabilitation programme in people with advanced MS. 
Objective: To determine if repeated use of Under & Over can improve upper limb function for people with MS. 
Methods: One hundred and six (N = 106) people with MS participated in this 3-month study. The primary 
outcome measure was the cardboard 9-hole peg test (c9HPT), with secondary outcomes including the EuroQol- 
5Dimensions, 5-Level Questionnaire (EQ5D-5 L) questionnaire. There were three arms: Arm 1a, the ’Daily 
Group’, engaged with the Under & Over tool daily for 30 min. Arm 1b, the ’Free Use Group’, used the same tool 
without time constraints, with the added feature of a community sharing platform. Arm 2, the ’Delayed Start 
Group’, initially completed the c9HPT for three months before switching to the ’Free Use’ programme. 
Results: 43/106 (41 %) of those randomised completed the primary end point. No significant difference between 
c9HPT at baseline and 3 months was seen in Arm 1a or 1b. Participants in Arm 2 who had been completing the 
c9HPT 5 days a week for 3 months showed a training effect in the dominant hand (mean speed at baseline 0.0455 
(s− 1), mean at 3 months 0.0341, difference 0.011; 95 % CI 0.0080 to 0.0148, p < 0.001). No significant dif
ference was seen in c9HPT time following 3 months of active use of the Under & Over tool. The study faced 
significant limitations, notably in participant adherence, with fewer than half (43/106 (41 %)) completing the 
final assessment. 
Conclusions: This study demonstrates how a small, engaged, and motivated group were able to complete a remote 
rehabilitation programme. Future remote intervention studies could benefit from incorporating adaptive 
engagement strategies, such as personalised reminders and participant-tailored activity adjustments, to enhance 
adherence and capture a broader spectrum of patient experiences.   

1. Introduction 

Impairment of upper limb function is a common clinical symptom for 
people living with Multiple Sclerosis (MS). Up to 75 % of people with MS 
have impairment of manual dexterity even in the early stages of disease 
(Bertoni et al., 2015), and as MS progresses, most people develop upper 
limb dysfunction in the form of tremor, loss of fine motor movement and 
weakness (Johansson et al., 2007). Loss of upper limb function has 
consequences for employability (Simmons et al., 2010), quality of life 
(Goverover et al., 2017), and performing activities of daily living such as 
eating, dressing and grooming (Yozbatıran et al., 2006). It can also have 

a devastating effect on creative and pleasurable activities such as 
painting, knitting, playing an instrument and handwriting. We have 
previously shown in an online survey that 314/360 (88 %) of people 
with MS attributed more importance to their upper limb function 
compared to lower limb function (Dubuisson et al., 2017a). 

Despite this, walking ability dominates key areas of clinical practice 
and research, including in the evaluation of treatment efficacy. The most 
commonly used trial outcome measure and monitoring measure is the 
Expanded Disability Status Scale (EDSS) (Kurtzke, 1983), which is 
heavily weighted on walking ability and can over or underestimate 
upper limb function (Ebers et al., 2008). 
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Rehabilitation remains a key strategy to manage symptoms and 
improve quality of life for people with MS (Khan et al., 2007). However, 
many rehabilitation interventions suffer from the same scotoma as DMT 
trials - the majority focus on walking ability and are trialled in people 
mildly or moderately affected by MS (Rietberg et al., 2005; Snook and 
Motl, 2009). Very few studies have focused on rehabilitation in people 
with advanced MS and there is a dearth of evidence focussing on upper 
limb rehabilitation (Lamers et al., 2016). Current rehabilitation tools 
and activities focus on measures of body functions and structures 
looking at the capacity to assess the maximal ability to execute a task or 
an action (e.g. the 9HPT is gold standard objective measure for manual 
dexterity (Fischer et al., 1999)) or an activity performance measure 
measuring the person’s habitual performance of tasks in their normal 
environment (the ABILHAND (Penta et al., 2001). There are a range of 
upper limb rehabilitation tools in use, but few have been used in MS 
research and we are aware of only one developed specifically for people 
with MS (Lamers et al., 2016). For example the ABILHAND was origi
nally developed for rheumatoid arthritis with subsequent versions 
developed for people with stroke (Penta et al., 1998). Although these 
have been validated for use with people with MS (Barrett et al., 2013) 
their transference from one condition to another poses problems in that 
the activities that are included lack relevance to the activities specific to 
living with MS. They also lack relevance to modern living. For example, 
they do not address challenges that may be commonly faced by people 
living with MS, such as self-catheterisation, and can further be influ
enced by mobility, again commonly affected in MS. Additionally, there 
is no mention of new technologies such as the use of touchscreen phones 
or tablets in the ABILHAND. In addition, of the rehabilitation studies 
that focus on the upper limb, only a few use bilateral tasks, yet the 
majority of activities completed in daily life require both upper limbs 
(Lamers et al., 2016). Therefore, an emphasis on the effectiveness of a 
bilateral upper limb rehabilitation programme is needed. 

The #ThinkHand campaign raised awareness and initiated discus
sions amongst people with MS, clinicians, charities, pharmaceutical 
companies and regulators to realise the importance and work towards 
generating evidence to improve treatment aimed at preserving upper 
limb function for people with advanced MS. Meaningful patient 
involvement enabled a complete understanding of the detrimental 
impact that loss of hand and arm function plays in a person’s life, and the 
specific upper limb challenges faced by people with advanced MS. One 
outcome of this campaign was a design-led exploration of alternative 
ways to measure, record and account for people’s experiences of change 
in hand and arm function in everyday life (Thomson, 2019). The Under 
& Over tool, used in this study is one of these designs. 

The Under & Over study was designed to assess the effectiveness of a 
rehabilitation programme aimed at improving upper limb function in 
people with advanced MS. By using a design-led rehabilitation tool in a 
remote study setting, the real-life effectiveness of the programme can be 
better understood. The utilisation of a remote study setting was strate
gically chosen to accommodate the specific needs of individuals with 
advanced MS, who often encounter substantial mobility limitations 
(Kalb et al., 2020). By leveraging the capabilities of digital platforms, the 
study was designed to be accessible to participants regardless of their 
location, thus enabling a more diverse and expansive cohort. This 
approach aligns with the evolving landscape of clinical research, where 
the emphasis on patient-centred methodologies is paramount (Engle 
et al., 2021). A remote setting also ensures that the intervention can be 
seamlessly integrated into the daily lives of participants, fostering an 
environment that accurately reflects the practical application of the 
rehabilitation tool. 

2. Methods 

2.1. Study design and patients 

The primary aim of this study was to develop and evaluate an 

engaging everyday activity to improve upper limb function in people 
with MS. Objectives were to determine if repeated use of Under & Over 
can improve upper limb function for people with MS compared to par
ticipants on the waiting-list and to explore different engagement stra
tegies involving a digital community of people with MS. In order to be 
eligible for inclusion, potential participants needed to be aged ≥18 years 
old (there was no upper age limit) with a diagnosis of MS for >6 months; 
have an EDSS score of ≥6 measured using the WebEDSS; be able to 
understand and communicate in English; have access to a computer; and 
able to give online informed consent. Participants who did not meet the 
inclusion criteria or are unable to use their hands due to pain or any 
other factor that impedes their ability to engage with the study in
terventions were excluded from participation. Potential participants 
completed an online questionnaire and gave informed consent. This 
information was screened by the research team prior to enrolment on 
the study platform and posting of the study pack. 

The study was administered entirely remotely through a dedicated 
study website (www.underandover.study), which was used for recruit
ment, baseline, outcome measurement and to host the rehabilitation 
programme. Recruitment involved a series of targeted strategies, 
including advertising via MS charities (MS Society and The MS Trust), 
the MS Research Blog, twitter account, and direct contact to eligible MS 
patients who had provided consent to be contacted about research. 
Study recruitment took place over a 3-month period (January – April 
2021). 

2.2. Sample size calculation, randomisation and blinding 

A priori power calculations indicated that 120 participants were 
required, based on an estimated initial baseline speed (expressed as the 
proportion of the c9HPT task achieved in one second; the reciprocal of 
time taken to complete the task) of 0.0305. Using the assumption that a 
study close mean speed would be 0.0299 per second in the wait list arm 
and 0.0359 per second in the rehab group (equating to times of 32.8 
(baseline), 33.4 (wait list) and 27.9 (intervention) seconds respectively) 
with a standard deviation of 0.01 in each group, power calculations 
were based on 80 % power to achieve a statistical significance level of 
0.05. 

Participants were randomised by the researcher in a 2:1 allocation 
ratio to either the immediate rehabilitation group or the wait list group. 
The allocation sequence was concealed and sequentially organised. The 
immediate rehabilitation group was subdivided into Daily and Free Use 
subgroups. Due to the nature of the study, participants and researchers 
were not blinded to group allocation. However, the study statistician 
was blinded to group allocation during the data analysis phase. 

2.3. The under & over tool 

The Under & Over tool consisted of a 40×40 cm plastic board with 9 
holes in a grid pattern, two shoelaces and a series of patterns to complete 
(Fig. 1). The aim of the activity was to thread the shoelaces through the 
holes to create a pattern while exercising hand and arm movement and 
control. A digital booklet provided a series of patterns to enhance 
engagement with the rehabilitation activity. 

2.4. Study procedures 

Study procedures are summarised in Fig. 2. Instructions for each 
study Arm were as follows: 

Arm 1a- Daily Group: Participants were asked to complete the Under 
& Over tool for up to 30 min per day, 5 days per week for 3 months. 
They were instructed to complete patterns in a specific order. 
Arm 1b - Free Use Group: Participants were asked to complete the 
Under & Over tool for an unspecified time, 5 days per week for 3 
months. They were given free choice about the pattern they wished 
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to complete, and were given the option to create their own patterns. 
These participants had access to a community sharing section of the 
study website where they could upload photographs of their patterns 
and view other participants’ patterns over the 3-month period. 
Arm 2 - Delayed Start Group (wait list arm): For the first three months 
of the study, participants were asked to complete the c9HPT 5 days a 
week. After three months, they followed the same instructions as 
Arm 1b. 

Participants were asked to complete a daily questionnaire on the 
study platform to record their activity that day. Questions asked include, 
the time taken to complete the activity, which pattern was attempted, 

proportion of the pattern completed and a free text box for further 
comments. A questionnaire was circulated to all participants at the end 
of the study to gather feedback on their experience overall. 

2.5. Outcome measures 

Outcome measurements were collected at baseline, 12 weeks and 24 
weeks (see Fig. 2). The primary outcome measure was the “Cardboard 9- 
hole peg test” (c9HPT). We have previously demonstrated validity of the 
cardboard version of the 9-hole peg test in people with MS (Dubuisson 
et al., 2017b); with the added value that it can be posted to participants 
homes and removes the need for in person visits. It is a quantitative 

Fig. 1. The Under & Over tool.  

Fig. 2. Study procedures and flow of participants through study. c9HPT = cardboard 9 Hole Peg Test, MSIS-29 = Multiple Sclerosis Impact Scale, MFIS = Modified 
Fatigue Impact Scale, ABILHAND = Manual Ability Measure, EQ5D-5 L = EuroQol 5-Dimension, 5-Level Questionnaire. 
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measure of arm and hand function and is widely used in people with MS 
both in clinical and research settings. Quality of life was assessed using 
the EuroQol-5 Dimension (EQ-5D-5 L) (EuroQol Group, 1990). It is a 
validated (Fogarty et al., 2013) self-reported questionnaire consisting of 
two components: The EQ-5D descriptive component and the EQ visual 
analogue scale (EQ VAS). The Multiple Sclerosis Impact Scale (MSIS-29) 
is a measure of the impact of MS on daily life activities (Hobart, 2001). It 
consists of 20 items associated with a physical scale and 9 items with a 
psychological scale. All items have 5 response options: 1 “not at all” to 5 
“extremely”. The MSIS-29 is valid and reliable in people with MS (Riazi 
et al., 2002). The Modified Fatigue Impact Scale (MFIS), a valid and 
reliable measure in people with MS (Amtmann et al., 2012; Learmonth 
et al., 2013) was used to measure fatigue. Participants rated the impact 
of fatigue over the past 4 weeks on a 21-item scale. The items were 
grouped in terms of physical, cognitive, and psychosocial function. The 
scale ranges from 0 to 84 where a higher score indicates greater impact 
of fatigue on daily activities. The ABILHAND questionnaire, a valid 
outcome measure used in people with MS (Barrett et al., 2013), was used 
to assess the perceived ease or difficult that participants experience 
when performing bilateral upper limb tasks. Participants rated 23 
bilateral tasks using a 3-point ordinal scale (ease, difficult, impossible). 
Data on sociodemographic profile, MS specific information were 
collected at baseline only. 

2.6. Patient involvement 

The study was designed based on an active and longstanding patient 
and public involvement (PPI) programme. Following INVOLVE princi
ples (INVOLVE, 2015), patients were involved in the development of the 
study protocol, reviewing participant information, study design and 
testing of the online study platform. There was a specific remote patient 
testing group all with an EDSS of ≥6 to ensure the platform and the 
patterns were appropriate for a range of upper limb abilities. 

2.7. Ethical approval 

Yorkshire & The Humber-Leeds West Research Ethics Committee 
reviewed and approved the study (Reference 20/YH/0259). 

2.8. Data analysis 

The c9HPT, the primary outcome measure was used to determine 
whether the Under and Over tool improved upper limb function in 
people with MS. The outcome of two successful trials for each hand 
(dominant and non-dominant) were used as outlined in the MS Func
tional Composite Manual (Fischer et al., 1999). A 20 % increase in score 
between the assessment time points (baseline, 3 months and 6 months) 
was considered clinically significant. 

Baseline demographics (e.g. Age, Gender, Ethnicity), MS character
istics (e.g. EDSS, Type of MS), self-reported questionnaires (e.g. MSIS- 
29, MFIS, ABILHAND and EQ-5D-5 L), relapse, adverse events and 
adherence information were analysed using descriptive statistics. 
Comparisons between groups were analysed using mann-Whitney U 
tests. Quantitative analysis was performed using Stata software version 
17 (StatCorp, College Station, Texas). 

Qualitative analysis was performed using LancsBox for macOS soft
ware (v6.0.0, LancsBox Software, Lancaster University corpus toolbox) 
on participant open text daily and weekly responses. Keyword analysis 
was used to identify significant key words or phrases within large 
quantities of text. 

3. Results 

3.1. Participants 

One hundred and twelve (N = 112) people with MS consented to take 

part in the study. 6 did not meet the inclusion criteria or were duplicates, 
and 106 people were randomised. There were no significant differences 
between groups (Table 1). The majority of participants had progressive 
MS, and most reported significant upper limb impairment (average 
ABILHAND score 25) and high levels of fatigue (MFIS mean scores of 
50.1, 52.3 and 50.7). 

3.2. Dropout rate and missing data 

The primary end point (c9HPT) was completed by 43/106 (41 %) of 
those randomised – 16/36 in Arm 1a, 15/37 in Arm 1b and 12/33 in 
Arm 2 (Table 2). The majority of people did not state any reason for not 
completing the study; where these were given, key reasons include ill 
health (e.g. fatigue, tiredness) or bereavement as a result of the COVID- 
19 pandemic. 

3.3. Changes in scores 

No significant difference between c9HPT at baseline and 3 months 
was seen in Arm 1a or 1b (Fig. 3). Participants in Arm 2 who had been 
completing the c9HPT 5 days a week for 3 months showed a training 
effect in the dominant hand (mean speed at baseline 0.0455, mean at 3 
months 0.0341, difference 0.011; 95 % CI 0.0080 to 0.0148, p < 0.001) 
(Fig. 3). No significant difference was seen in c9HPT time following 3 
months of active use of the Under & Over tool (Table 2). This lack of 
effect persisted in a multivariable model controlling for age, gender and 
EDSS. Post-hoc comparisons were performed between and within groups 
at 3 and 6 months and found no statistically significant p-values (data 
not shown). 

At 6 months, fatigue (as measured by MFIS) was lower across all the 
groups with a change score of 4 (Arms 1a and 1b) and 6 points (Arm 2). 
At 6 months participants in Arm 1a scored on average 10 points lower 

Table 1 
Baseline demographics and MS characteristics of study participants.  

Mean scores (SD)  

Arm 1a Arm 1b Arm 2 

No. of patients 36 36 34 
Age (years; mean [SD]) 54.2 (9.7) (n 

= 32) 
52.3 (9.6) (n 
= 27) 

55.6 (8.1) (n 
= 24) 

Gender 27F / 8 M/ 1 
Other 

28F / 8M 23F / 11 M 

Type of MS    
Relapsing MS 8 10 6 
Secondary Progressive MS 17 13 17 
Primary Progressive MS 8 6 6 
Not specified 3 7 5 
EDSS Median 6.5 Median 6.5 Median 6.5 
Most recent relapse    
None for at least a year 11 12 16 
In the past three to six months 8 5 3 
Unknown/not specified 17 19 15 
Ethnicity    
White (British, Irish, other) 32 28 28 
Black or Black British - Caribbean 0 0 1 
Asian or Asian British - Indian 1 1 0 
Unknown/not specified 3 7 5 
Cohabitation    
Spouse/partner 25 21 17 
Living alone/Other 5 7 9 
Unknown/not specified 4 8 8 
Current employment:    
In paid employment 7 4 8 
Retired 12 8 6 
Unable to work 11 12 7 
Unemployed and looking for work 1 1 0 
At home and not looking for work 

(e.g. housewife/husband) 
1 1 3 

Other/missing Data 4 10 10 
No. of hours worked 7 (13) 8 (13.7) 13 (15.9)  
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than baseline on the physical subscale of the MSIS-29 (see Table 3). 

3.4. Study adherence 

Adherence data indicated that in general people fell into two groups: 
(1) well engaged and completing the tool 5 days per week, (2) poorly 
engaged and completing the tool 0 days per week. The group not 
completing the tool on any days increased throughout the study period, 
reflecting the increasing lack of engagement by participants in Arms 1a 
and 1b, however participants in Arm 2 who started completing the tool 5 
days a week continued to do so throughout the study period. 40 

participants responded to the end of study questionnaire. 89 % had a 
positive experience of participating in the study and 61 % managed to 
stay motivated. 7 % felt face to face would have been preferable. 

3.5. Qualitative analysis 

Participants who completed the study for a majority of 5 days a week 
used words such as ‘enjoy’, ‘fun’, and ‘great’ in their daily and weekly 
feedback to describe completing the patterns, suggesting their overall 
experience was positive. Participants also reported feeling positive when 
seeing progress in completing the patterns using key words such as 
’improve’ and ’better’. Participants who completed the study for 0 days 
a week, reported key words such as ‘tired’ and ‘fatigue’. Difficulty levels 
of the rehabilitation tool may have played a role in participants non- 
completion rates, for example the commonly occurring key words 
relating to this are ‘difficult’, ‘struggl*’, ‘challeng*’, ‘hard’, ‘demanding’, 
‘complicate*’ and ‘strain’. 

Participants from both adherence groups reported multitasking 
while completing the Under & Over activity with activities such as 
“watching TV” and “having a phone call”. The poor adherence group 
reported the word “distrat*” while the group with good adherence re
ported the words ‘podcast’ and ‘music’ when describing other activities. 
Further open text analysis showed that individual participants reported 
experiencing improvements in their overall dexterity, hand coordina
tion, sensitivity, handwriting and ability to knit. 

3.6. Engagement 

7 videos were available on the study website and platform, including 
information on the study process (recruitment, baseline and random
isation information), Q&A’s with the study team, talks by clinical ex
perts and technology support. The videos were viewed 2366 times. 
Participants who were following Arms 1b and 2 had the option to create 
their own patterns and upload these to the study platform for other 
participants to view. 41 new patterns were created and uploaded. There 
were 71 discussions between study participants on the study platform 
and 47 of these discussions received replies from other study 
participants. 

Table 2 
Cardboard 9HPT scores at baseline, 3 months and 6 months. Time shown as 
inverse of the time in seconds (s− 1 

= 1/seconds).  

Cardboard 9 Hole Peg Test scores     
N Mean SD 

Arm 1a - Dominant hand    
Baseline 31 0.031 0.014 
3 months 21 0.036 0.015 
6 months 16 0.033 0.014 
Arm 1a - Non-dominant hand    
Baseline 31 0.028 0.012 
3 months 21 0.029 0.012 
6 months 16 0.032 0.017 
Arm 1b - Dominant hand    
Baseline 29 0.033 0.012 
3 months 18 0.032 0.012 
6 months 15 0.033 0.014 
Arm 1b - Non-dominant hand    
Baseline 28 0.029 0.011 
3 months 17 0.029 0.014 
6 months 15 0.077 0.183 
Arm 2 - Dominant hand    
Baseline 26 0.037 0.013 
3 months 13 0.046 0.017 
6 months 12 0.040 0.016 
Arm 2 - Non-dominant hand    
Baseline 27 0.032 0.010 
3 months 13 0.042 0.016 
6 months 12 0.035 0.016  

Fig. 3 a. (left): Time taken for 9-hole peg test at 3 months versus baseline according to group (Arm 1a = black, Arm 1b = red, Arm 2 = blue). Points to the right of 
the line of identity (dashed) show an improvement at 3 months. b (right): Time taken for 9-hole peg test at 6 months versus baseline according to group (Arm 1a =
black, Arm 1b = red, Arm 2 = blue). Improvement is not sustained at 6 months. 
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3.7. Adverse events 

19 participants experienced at least one adverse event (AE), with 23 
AEs in total (see supplementary data). No serious adverse events were 
reported. 

4. Discussion 

This study is the first fully remote study examining the effect of a 
targeted upper limb rehabilitation tool. Whilst we were unable to 
demonstrate an effect of the Under & Over tool on upper limb function, 
the meaningful improvement in both fatigue as measured by MFIS across 
all groups (Rooney et al., 2019) and on the physical subscale of the 
MSIS-29 (Costelloe et al., 2007; Phillips et al., 2014) for those in the 
Daily Under & Over group (Arm 1a) indicates some responsiveness to 
the intervention or due to participation in the study. 

The study population were older adults with advanced MS. Although 
the outcome measures were not able to capture statistical change in this 
population following the intervention, participants expressed subjective 
improvements in their feedback, demonstrating the challenge of 
selecting appropriate outcome measures in this group. This study also 
highlights the importance of utilising patient reported outcomes to gain 
added insights about efficacy of interventions. 

It is important to note that the 9HPT is intended to be administered 

by healthcare professionals as an outcome measure, used at specific time 
intervals within clinical practice and research. It is not intended to be 
used remotely (independent of healthcare professionals) and repeatedly 
by the same person with the aim of getting better, or faster at completing 
the activity. However, this study has shown how repeated use of 
outcome measures can result in statistically significant change even 
when used remotely. Future studies could include a preliminary practice 
phase to mitigate the learning effect on tests like the 9HPT and consider 
using complementary measures less prone to practice-related improve
ments. Extended follow-up durations could also help distinguish be
tween short-term learning gains and sustained functional benefits. 

There are important limitations to this study. Study adherence was 
relatively poor, with <50 % completing the final assessments. This is an 
issue in many rehabilitation studies, especially those designed to be 
remote, and affects the ability to obtain statistical significance (Argent 
et al., 2018). Nonetheless, this study was conducted during the 
COVID-19 pandemic, and this could have also had an impact on 
adherence. Interpretation of the findings must be approached with 
consideration of this constraint. Future research should focus on 
increasing and sustaining participant numbers and improving adherence 
strategies to robustly assess the efficacy of interventions. 

It is interesting to note that in the presence of free choice there was a 
greater risk of lower adherence to the rehabilitation programme. This 
suggests some people prefer a structured programme of activities to 
follow with limited options for customisation, or change. Remote studies 
require high levels of motivation from the participant and support from 
the research team to stay engaged and complete the rehabilitation 
programme, and understanding how best to deliver this remains an 
important area of research. 

4.1. Recommendations for remote rehabilitation studies 

Delivering research studies fully remotely can improve inclusivity by 
reducing burden and cost of travel, and allowing disabled participants to 
take part within the comfort of their home. Our findings align with the 
current research integrating digital technologies in neurorehabilitation, 
reinforcing its potential to improve motor and cognitive functions in MS 
patients (Manuli et al., 2020; Maggio et al., 2023 ). The enhanced upper 
limb functionality observed with remote rehabilitation tools un
derscores the promising application of digital technologies in managing 
MS, despite the challenges in remote study adherence and participant 
engagement. However, remote studies are not without challenges, 
including limited interactions which can affect study adherence and 
reporting of adverse events, restrictions of validated digital outcome 
measures and the potential for digital exclusion. 

Incorporating more reminders or contact with participants to try to 
increase adherence needs to be balanced with the need to respect 
participant choice to drop out for any reason, as some people reported 
feeling guilty for withdrawing. It remains beneficial to emphasise to 
study participants that sharing reasons for withdrawal is important, as it 
can improve the design of future studies. In our study, assessing quali
tative data from those with poor compliance sheds light on possible 
reasons for dropout – in this case tiredness and fatigue predominate, 
both of which are major symptoms in MS. It is likely that a lack of a 
noticeable positive impact of the intervention in these participants also 
contributed to their reasons for not completing the assessments. 

This study also contributes further understandings about the uti
lisation of rehabilitation tools outside the clinical environment. The 
impact of external factors whilst completing the tool was notable. 
Distraction led to lower study engagement, demonstrating the impor
tance of providing advice about surroundings when carrying out study 
interventions. 

5. Conclusion 

This study demonstrates how a small, engaged and motivated group 

Table 3 
Patient Reported Outcome Measures at baseline, 3 and 6 month follow up. The 
number taking part in each assessment at each time point is given in brackets. 
MSIS-29 = Multiple Sclerosis Impact Scale, MFIS = Modified Fatigue Impact 
Scale, ABILHAND = Manual Ability Measure, EQ5D-5 L = EuroQol 5-Dimension, 
5-Level Questionnaire. * Absolute difference between Arm 1a and 2 at 3 
months ¡17.49 (95 %CI ¡31.57 to ¡3.4); p ¼ 0.016.   

Arm 1a Arm 1b Arm 2 
MSIS-29    

Physical (mean; SD [n]) 
Baseline 
3 months 
6 months  

60.3; 18.7 
(29) 
55.3; 21.2 
(19) 
50.1; 17.8 
(16)  

62.8; 23.2 
(28) 
64.5; 23.9 
(17) 
64.7; 24.0 
(13)  

65.8; 17.1 (25) 
66.3; 19.2 (14) 
60.2; 25.9 (11) 

Psychosocial (mean; SD 
[n]) 
Baseline 
3 months 
6 months  

36.0; 21.2 
(29) 
36.5; 21.5 
(19) 
31.1; 14.1 
(16)  

41.8; 24.2 
(28) 
42.6; 30.6 
(17) 
42.1; 31.5 
(13)  

44.3; 23.1 (25) 
43.7; 21.4 (14) 
41.4; 28.0 (11) 

MFIS (total score)    
MFIS (Mean; SD [n]) 

Baseline 
3 months 
6 months  

50.1; 11.0 
(30) 
47.4; 14.0 
(19) 
45.5; 6.9 (13)  

52.3; 15.8 
(29) 
52.3; 18.7 
(17) 
47.9; 19.0 
(14)  

50.7; 9.8 (26) 
50.8; 11.3 (15) 
44.4; 16.3 (12) 

ABILHAND    
Score (mean; SD [n]) 

Baseline 
3 months 
6 months  

25.3; 10.2 
(32) 
25.2; 10.7 
(22) 
25.6; 10.3 
(17)  

24.9; 9.8 (28) 
23.8; 10.1 
(17) 
27.2; 11.2 
(12)  

25.6; 10.1 (27) 
24.0; 9.5 (14) 
25.1; 10 (12) 

EQ5D-5 L (VAS)    
Score (mean; SD [n]) 

Baseline 
3 months 
6 months  

56.8; 19.5 
(29) 
61.5; 17.9 
(15) 
57.9; 23.5 
(17)  

55.0; 21.4 
(25) 
51.7; 26.6 
(17) 
52.4; 22.5 
(12)  

54.4; 16.8 (27) 
44.8; 21.2 (13) 
* 
46.3; 25.1 (12)  
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were able to complete a remote rehabilitation programme. This study 
also highlights that repeated use of the c9HPT can result in statistically 
significant improvements in performance. Although this is not how the 
tool is intended to be used in clinical practice, it blurs the boundaries 
between what can be considered an outcome measure, and what is a 
rehabilitation tool. We demonstrate the importance of providing mul
tiple ways to enable people to record their experiences to report change 
in their own words, enabling the measurement of impact not captured 
by standardised outcome measures. We demonstrate that it is feasible 
and acceptable to deliver a remote upper limb rehabilitation study to 
people with advanced MS, and that future studies need to be open to 
delivering interventions in a variety of ways to best meet the needs of 
people with MS. 
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