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ARTICLE INFO ABSTRACT

Keywords: Background: Multiple sclerosis (MS) can manifest itself in many ways, all of which can affect the independent
Mobility outdoor mobility of persons with MS (pwMS). In most studies, mobility of pwMS is defined by the ability to walk.
Multiple sclerosis However, mobility comprises more than walking alone. This systematic review provides an overview of the
Driving literature on several types of independent outdoor mobility of pwMS. We aimed to identify which specific factors
;\L};Ziicl]:g:ion may influence outdoor mobility and how the lives of pwMS may be affected by a reduced mobility.

Methods: A systematic literature search was performed, using three databases (PubMed, PsychInfo and Web of
Science). Studies had to describe a group of pwMS sclerosis and had to concern some type of mobility other than
walking.

Results: The 57 studies that fulfilled the criteria included in total 10,394 pwMS and in addition, 95,300 pwMS in
separate prevalence study. These studies showed that pwMS as a group have a decreased fitness to drive, make
use of a wheelchair or mobility scooter more often and have difficulties making use of public transport. Mobility
problems especially occur in patients with cognitive problems, secondary progressive MS or high disability
scores.

Conclusions: The reduced mobility may prevent pwMS participating in society. However, few studies in-
vestigating interventions or rehabilitation options to improve mobility were found in the existing literature,
highlighting an until now under recognised unmet need.

1. Introduction

Multiple sclerosis (MS) is a progressive inflammatory demyelinating
disease that affects the central nervous system. With a mean age-of-
onset of 29 years (Cierny et al., 2017), it is the most common non-
traumatic cause of disability among young adults (Noseworthy et al.,
2000). The average incidence of MS over the world is 3.6 cases per
100,000 in women and 2.0 in men (Alonso and Hernan, 2008) and is
still increasing (Kramer et al., 2012). Since motor, sensory, visual, au-
tonomic and/or cognitive systems can be affected, MS manifests itself in
many different ways and vast individual differences are common
(Compston and Coles, 2008). Fatigue, numbness or tingling, muscle
weakness or spasticity, problems with balance, chronic pain, bladder
and bowel problems, vision problems and cognitive problems are the

most prominent symptoms of the disease (Compston and Coles, 2008;
Cosh and Carslaw, 2014).

Although generally of progressive nature, different courses can be
distinguished: relapsing remitting (RRMS), secondary progressive
(SPMS) and primary progressive (PPMS). Characteristic of the relapsing
remitting type are the exacerbations with an increased severity of
symptoms, which are followed by a period of full or almost full re-
covery. RRMS is the most common type, 85% of pwMS are initially
diagnosed with this type. Within 15 years after the RRMS diagnosis,
half of the patients who were diagnosed with RRMS progress to the
secondary progressive type, in which symptoms gradually worsen
without exacerbations or recovery. The primary progressive type is the
least common type. Only 10% of pwMS are diagnosed with this type. It
is characterized both by a gradual worsening of the symptoms and
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temporary stability (Cosh and Carslaw, and
Rumrill, 2015).

One of the major consequences of MS is a loss of independent mo-
bility. Ten years after diagnosis, 93% of pwMS experience difficulty
walking (Asch, 2011). Walking impairment is a common manifestation
of MS and loss of walking ability places a great burden on pwMS
(Smrtka et al., 2016). Maintaining mobility has the highest priority
among pwMS (Sutliff, 2010). Not surprisingly, there is an ample
amount of literature on the impaired walking ability of pwMS and
mobility of pwMS and is most often defined or assessed by the ability to
walk (Bethoux et al., 2013). Recent reviews on walking in patients with
MS showed that MS can have a great impact on gait and balance, even
in patients with a low level of disability (Smrtka et al.,, 2016;
Comber et al., 2017). However, mobility comprises more than only
walking. The International Classification of Functioning, Disability and
Health (ICF) model defines mobility as “moving by changing body position
or location by transferring from one place to another, by carrying,moving or
manipulating objects by walking, running or climbing and by using various
forms of transportation” (WHO, 2001). Moreover, mobility impairment
can also be caused by the sensory, visual and cognitive symptoms of
MS, instead of primarily by motor symptoms.

Loss of mobility may have a great impact on daily life. For example,
not being able to drive a car can lead to a decreased quality of life,
social isolation and depression (Owsley and Mcgwin, 2010). In addi-
tion, the access to medical care also decreases with impaired mobility.
Importantly, as half of the pwMS are diagnosed before 30, and 75%
before the age of 40 (Fraser et al., 2006), most pwMS receive the di-
agnosis during their working life, when it is imperative to be mobile.
Despite the clear relevance, no systematic review on outdoor mobility,
other than walking, has been performed. We therefore provide an
overview of the literature on mobility of pwMS, defined as an in-
dependent ways of outdoor mobility. Furthermore, the literature con-
cerning the effect of reduced mobility on daily life is investigated. The
impact of other factors, such as disability level, impairments and pa-
tient characteristics on the mobility of pwMS are also clarified.

2014; Bishop

2. Methods

A literature search was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(Moher et al., 2009). The keyword ‘multiple sclerosis’ was paired with
keywords that indicated different types of mobility, such as ‘driving’,
‘bicycle’, ‘wheelchair’ and ‘transportation’ (Table 1). The search was
conducted on the 3rd of December 2018, using the databases PubMed,
PsychInfo and Web of Science. Through database searching, the com-
binations of keywords identified 10,755 records in total (Fig. 1). After
the removal of all the duplicates, the remaining titles and abstracts
were screened on the following predefined inclusion criteria: (a) the
paper was a peer reviewed journal article, (b) the paper was written in
English, (c) the study included a group of pwMS, (d) some type of
mobility other than walking, e.g. driving or using a wheelchair was
considered in the paper and (e) the results had to be reported for MS

Table 1
Search terms.
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participants separately. As there were already recent systematic reviews
(Smrtka et al., 2016; Sutliff, 2010; Comber et al., 2017) performed on
gait and walking in patients with MS, this form of mobility was ex-
cluded from the review. After screening the records, the full texts of the
remaining papers were analysed for eligibility to include in the analysis.
The reference lists of all the included papers were examined but no
additional papers were identified.

Demographics and disease characteristics of the samples were listed
in a table along with the study's aim, design and outcome measures
related to mobility (Table 2). The main findings with regard to mobility
were described.

3. Results

After removal of all duplicates, 8102 records were screened and 192
full-text papers were assessed for eligibility. By applying the inclusion
criteria, a total of 57 papers remained (Fig. 1). These papers together
described 10,394 pwMS, besides an estimated 93,500 pwMS from a
large prevalence study (Gilmour et al., 2018). In 14 studies, general
mobility or transportation was assessed. Driving was examined in 30 of
the studies. In 14 studies wheelchair use was evaluated and one study
evaluated the Segway device. Five studies examined the use of public
transportation. The results are presented in Table 2.

3.1. General mobility and transportation

Ten studies (Braham et al., 1975; Devitt et al., 2004; Pateman et al.,
2016; Patten et al., 2012; Simmons et al.,, 2010; Ozdemir and
Asiret, 2011; Aronson et al., 1996; Baum and Rothschild, 1983;
Roessler et al., 2013; Finlayson, 2004) on general mobility or trans-
portation of pwMS revealed that pwMS are more likely to report having
difficulties or needing assistance with mobility and transportation than
the general population. In a Canadian study, a need for assistance to
travel to appointments was reported by 44% of pwMS (Aronson et al.,
1996). These difficulties increased with older age, older age at diag-
nosis, higher disease disability in terms of the Expended Disability
Status Scale (EDSS) score (Kurtzke, 1983), and higher disease aware-
ness (Braham et al.,, 1975; Patten et al., 2012; Baum and
Rothschild, 1983). Moreover, one study performing in depth-interviews
concluded that the physical symptoms of MS did not prevent pwMS to
be mobile altogether, but they did influence the experienced mobility
and the chosen kind of transportation (Finlayson and van
Denend, 2003).

Decreased mobility may cause difficulties for pwMS in many ways.
Braham and colleagues found that 25.5% of pwMS reported transpor-
tation needs related to social or recreational activities which were not
always met (Braham et al., 1975). Due to these transportation diffi-
culties, social activity of pwMS can be limited (Ozdemir and
Asiret, 2011). Also, 36% of pwMS reported unmet transportation needs
to go to doctor's appointments (Braham et al., 1975). In an Australian
study (Pateman et al., 2016), mobility restriction was reported to be a
barrier to access dental care. In addition, mobility restrictions may lead

Search term

Section restriction

First term
AND
Second term

“Multiple Sclerosis”

Driving OR driver OR “automobile driver” OR “driving skills” OR “driving ability” OR “fitness to drive” OR “driver fitness” OR “driving

Title or abstract

None

performance” OR “driver competence” OR car OR “motor vehicle” OR simulator OR automobile OR “driving assessment” OR “behind the
wheel assessment” OR “in-vehicle assessment” OR “on-road” OR “road test” OR “driving licensing” OR “road safety” OR “traffic safety” OR
cycling OR bicycle OR bike OR biking OR “mobility scooter” OR wheelchair OR scooter OR “mass transportation” OR “public transportation”

OR Segway OR “alternative transportation” OR transport

OR mobility OR “functional mobility” OR “physical activity” OR “physical mobility”

Note: an *at the end of a term indicates that all possible suffixes were included.
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Fig. 1. Flow diagram of systematic li

to work-related difficulties for pwMS. The need for assistance for
transportation to work was reported by 10% of pwMS in a study by
Aronson and colleagues (Aronson et al., 1996). Gregory, Disler and
Firth (Gregory et al., 1993) noted that the mobility problems on their
own do not necessarily lead to unemployment in pwMS, as several
pwMS in their study were able to work fulltime. However, other studies
suggest that pwMS do need to leave their jobs because they were not
able to get to or from work (13.6% — 17%), or due to inaccessibility of
the workplace (2.9%-17.5%) (Simmons et al., 2010) and that mobility
problems were the most important determinants of unemployment
among pwMS (Edgley et al., 1991).

Restricted mobility may also have psychological implications for
pwMS, which may lead to a negative self-image. Losing mobility is seen
as an important negative aspect of living with MS (Finlayson et al.,
2005), and a prominent fear among pwMS was the fear of loss of mo-
bility and independence (Finlayson, 2004). Additionally, pwMS with
restricted mobility were less optimistic about future independent living
(Roessler et al., 2013; Finlayson, 2004). Moreover, mobility impairment
as reported by pwMS was positively related to self-reported overall
health impairment (Devitt et al., 2004).
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terature search (Moher et al., 2009).

3.2. Car driving

Eight studies focusing on car driving compared pwMS with healthy
individuals and four of these found that pwMS showed higher accident,
violation or crash rates (Dehning et al., 2014; Stueckle et al., 2005;
Lings, 2002; Schultheis et al., 2002), while another study found no
differences in motor vehicle violations and accidents (Schultheis et al.,
2010). In a study using a driving simulator (Marcotte et al., 2008), it
was found that pwMS maintained a higher driving speed and deviated
5.5 km per hour (kph) from the speed they were asked to maintain,
while the healthy controls deviated only 2.9 kph. In addition, pwMS
were less able to maintain their position on the road and performed
worse at anticipating speed deviations of other road users. In a 23-mile
on-road driving assessment pwMS were compared to healthy older
adults (age 65 to 75 years old) (Classen et al., 2018). PwMS showed
more errors in vehicle positioning and showed a higher number of wide
lane turns. In addition, pwMS had a higher total number of driving
errors than the older adults. This study also revealed that pwMS showed
worse visual scanning and made more errors in responding to stimuli in
driving situations compared to the healthy older adults. PWMS made,
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however, less speed regulation errors than healthy older adults and
crossed the adjoining lanes less often while making a turn. When pwMS
were compared with healthy controls in different Virtual Reality-
driving situations, pwMS performed worse on the driving tasks during
the simple driving and dual task driving conditions, but not during the
complex driving condition (Harand et al., 2018).

3.2.1. Compensatory driving behaviour

MS symptoms may cause driving difficulties. In a study by Ryan and
colleagues, 30% of pwMS reported that they drove less often since their
diagnosis and more than half of the pwMS temporarily stopped driving
after diagnosis (Ryan et al., 2009; Chipchase et al., 2003). In terms of
Michon's model of driving (Michon, 1985) pwMS may compensate for
impairments on the operational level by compensation on a tactical and
strategic level. On the tactical level, pwMS may decrease their driving
speed (Chipchase et al., 2003), while on the tactical level pwMS may
drive only when the weather conditions are favourable, drive shorter
distances, drive for a shorter duration, take more breaks or change
drivers more often, compared to healthy adults (Chipchase et al., 2003).
A fifth of pwMS reported to have made adaptations to their car when
symptoms increased (Neven et al., 2013; Schultheis et al., 2009).

For some pwMS however, compensating does not suffice. In that
case, MS can result in the decision to stop driving altogether. In a large
prevalence study, 29.8% of pwMS ceased driving altogether
(Gilmour et al., 2018). This decision was mostly made by pwMS
themselves (44.4%). In other cases, the decision is made for them, for
example due to legal issues or by physicians (Ryan et al., 2009). This
may however not be an appropriate measure, as fitness to drive may
both be overestimated and underestimated by physicians
(Ranchet et al., 2015). A study that examined the implications of the
decision to stop driving on daily life showed that most of the older
drivers with MS who had ceased driving engaged in fewer outdoor
activities than those who were still driving (Finlayson and van
Denend, 2003).

3.2.2. Fitness to drive

Six studies assessing fitness to drive of pwMS by means of an on-
road driving test showed pass rates of 78%-84% (Classen et al., 2018;
Akinwuntan et al., 2014; Krasniuk et al., 2017; Morrow et al., 2018;
Schultheis et al., 2010; Akinwuntan et al., 2018). However, one study
(Ranchet et al., 2015) found a pass rate of 94%, while another study
similar in design found a lower pass rate of 62% (Lincoln and
Radford, 2008). When a driving simulator was used to assess fitness to
drive, 48% of the pwMS passed a driving test (Lamargue-Hamel et al.,
2015).

The relationship between disease course and severity of MS was
assessed in ten studies (Chipchase et al., 2003; Schultheis et al., 2009;
Akinwuntan et al., 2014; Krasniuk et al., 2017; Morrow et al., 2018;
Schultheis et al., 2010; Akinwuntan et al., 20122013; Classen et al.,
2017; Shawaryn et al., 2002). Firstly, pwMS with a higher EDSS score
more often failed the driving test than pwMS with a lower EDSS score
and applied more compensatory driving behaviours (Chipchase et al.,
2003; Schultheis et al., 2009; Akinwuntan et al., 2014; Schultheis et al.,
2010). Two studies (Krasniuk et al., 2017; Classen et al., 2017) found
that type of MS rather than EDSS score could differentiate between
those pwMS who failed and those who passed a driving test. These
studies showed that individuals with SPMS failed more often than in-
dividuals with RRMS or PPMS. The four remaining studies
(Morrow et al., 2018; Akinwuntan et al., 20122013; Shawaryn et al.,
2002) did not find any relation between driving and disease course or
severity of MS.

Besides disease course and severity of MS, cognition plays an im-
portant role in the fitness to drive of pwMS and may have a greater
impact on fitness to drive than physical impairments (Stueckle et al.,
2005). Decreased speed of processing was often negatively associated
with fitness to drive (Dehning et al., 2014; Morrow et al., 2018;
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Schultheis et al., 2010; Lincoln and Radford, 2008; Akinwuntan et al.,
20122013; Shawaryn et al., 2002; Schultheis et al., 2001). Another
important cognitive domain that was found to determine fitness to
drive was attention (Harand et al., 2018; Akinwuntan et al., 2018;
Lincoln and Radford, 2008; Akinwuntan et al., 20122013;
Shawaryn et al., 2002). PwMS who failed the driving test performed
worse on tests that measured divided attention, selective attention and
vigilance as compared to pwMS who passed the test. These findings are
in line with two studies (Badenes et al., 2014; Devos et al., 2023) that
compared driving and driving related skills between pwMS and healthy
controls. Both studies found that pwMS performed worse than healthy
controls on tasks measuring driving related divided attention, selective
attention and vigilance. Two additional studies found that visuospatial
skills were positively related to driving performance in pwMS
(Morrow et al., 2018; Devos et al., 2017).

Visual functioning also may affect fitness to drive. When pwMS
were asked what factors might affect their fitness to drive, visual pro-
blems were reported as one of the most important factors, among fa-
tigue and numbness (Chipchase et al., 2003). Several studies
(Schultheis et al., 2010; Classen et al., 2018; Ranchet et al., 2015;
Akinwuntan et al., 2013; Devos et al., 20232017) assessed visual
functioning of pwMS in relation to car driving. Peripheral vertical vi-
sual field, stereopsis and binocular near acuity, but not binocular dis-
tance acuity correlated positively with the outcome of an on-road
driving test (Devos et al., 2017). Other studies found that binocular
acuity (Ranchet et al, 2015) and blue-purple colour vision
(Akinwuntan et al., 2013) could discriminate between participants who
passed and failed a driving test. However, in other studies
(Classen et al., 2018; Akinwuntan et al., 2013; Devos et al., 20232017)
tests for contrast sensitivity, depth perception, and colour vision did not
discriminate between being fit or unfit to drive. The different outcomes
of these studies could possibly be explained by different levels of visual
functioning of the participants. Two of these studies (Classen et al.,
2018; Akinwuntan et al., 2013), for example, only included individuals
who fell within the legal visual requirements for driving and therefore
had relatively intact visual functioning.

Other characteristics of pwMS have also been related to the fitness
to drive. These studies revealed that males with MS more often pass a
driving test than females (Lincoln and Radford, 2008) and that lower
education was associated with a greater chance of failing a driving test
or failing such a test with more violations (Krasniuk et al., 2017;
Devos et al., 2017). Furthermore, in one study it was observed that
education was positively associated with driving related attention
(Shawaryn et al., 2002).

3.3. Wheelchair use

The literature describes several reasons for acquiring a wheelchair
or powered wheelchair for pwMS. The possibility of more in-
dependence, freedom, access to outside events and increased partici-
pation were the most important prospects of acquiring a wheelchair
according to two small studies (Devitt et al., 2004; Boss and
Finlayson, 2006). Other reasons described in these studies were in-
creased sitting tolerance, decreased anxiety, pain relieve and decreased
self-consciousness. Despite these important prospects, recognizing the
need for a wheelchair or powered wheelchair was challenging for some
pwMS and a lack of choice whether to acquire a wheelchair or not was
experienced (Boss and Finlayson, 2006). However, even if pwMS did
recognize that acquiring a wheelchair could be necessary and might
increase quality of life, being dependent on using a wheelchair also
might have detrimental effects on quality of life (Finlayson and van
Denend, 2003; Boss and Finlayson, 2006; lezzoni et al., 2010;
Learmonth et al., 2015), mostly due to poorly accessible environments
or lack of access, for example to public transport (Roessler et al., 2013)
or to work environments (Simmons et al.,, 2010). Moreover, more
planning and organizing was needed for transportation when using a
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wheelchair (Boss and Finlayson, 2006; Learmonth et al., 2015).

Compared to the general population, pwMS made significantly more
use of a manual or powered wheelchair or a mobility scooter
(Patten et al., 2012). In a telephone survey by Iezzoni and colleagues
(Iezzoni et al., 2010; Iezzoni et al., 2009) 703 pwMS were asked about
their mobility aids. More than half of pwMS used one or more mobility
aids (62%). Of these patients, 64% used a manual wheelchair, 36% a
powered wheelchair, and 30% a mobility scooter. Dolan and colleagues
(Dolan et al., 2019) found a larger percentage (66.4%) of pwMS using a
powered wheelchair in a file examination study of 112 pwMS. Patients
with poorer overall health, SPMS, longer disease duration, patients who
do not work full-time and older pwMS were more likely to be using a
wheelchair (lezzoni et al.,, 2010; Christensen and Clausen, 1977;
Klewer et al., 2001). In two studies with only older pwMS, 38% — 70%
were using a wheelchair (Klewer et al., 2001; Finlayson et al., 2014).

Wheelchairs are not always optimally operated by pwMS.
Maintaining speed in a wheelchair may be difficult for pwMS, who
sometimes not even reach walking speed of healthy adults (Fay et al.,
2004). A study regarding the dynamics of pushing a manual wheelchair
forward showed that pwMS used a less efficient pattern of pushing,
compared to healthy controls and compared to individuals with spinal
cord injury. Only 5% of the pwMS examined used the most efficient
strategy of pushing the wheelchair forward.

For some patients, an alternative to for example an electrically
powered wheelchair or mobility scooter might be the Segway (Segway
Inc), a two-wheeled, self-balancing scooter. One study among a wide
range of disabilities, that included 6 pwMS (disease duration 6-8 years;
no other disease characteristics reported), showed that all patients were
able to use the Segway (Sawatzky et al., 2007).

3.4. Public transportation

In five studies, the ability to make use of public transportation was
evaluated. In three studies pwMS were asked whether they were able to
make use of public transport and/or to drive a car and 16% to 43% of
pwMS were not able to do so (Klewer et al., 2001; McDonnell and
Hawkins, 2001; Einarsson et al., 2006). In a survey by Roessler et al.
(2013), some respondents were positive about the accessibility of the
public transport in the United States, but others indicated that public
transport was not always accessible for persons in a wheelchair, or that
bus stops or stations were too far away. Neven et al. (2013) found that
only pwMS with a moderate disability (in this case a mean EDSS of 5.6)
used public transport, which could indicate that persons with severe
disability were not able to make use of public transport.

4. Discussion

To our knowledge, this is the first systematic review that provides
an overview of the literature on several types of independent outdoor
mobility of pwMS. We aimed to identify which specific factors may
influence outdoor mobility and how the lives of pwMS may be affected
by a reduced mobility. As there was already extensive knowledge about
the effects of MS on gait and the ability to walk (including recent re-
views), walking was not included.

The present review showed that MS in general has a detrimental
effect on independent outdoor mobility; pwMS often are bound to using
some kind of wheelchair. Using a wheelchair may have positive effects
on outdoor mobility in some pwMS, but also brings its own challenges,
such as inaccessibility of buildings, and decreased independence. In
addition to that, pwMS may push a wheelchair forward less efficiently.
Making use of public transport also implicates difficulties for pwMS.
Moreover, fitness to drive of pwMS may be reduced. Some pwMS
manage to adapt the driving behaviours in order to maintain fitness to
drive, others may eventually be forced to stop driving.

Some factors were found to be related to the mobility of pwMS.
PwMS with SPMS, pwMS with overall poorer health, and pwMS who do
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not work full-time were more likely to be dependent on using a
wheelchair. However, no clear conclusion can be drawn as the majority
of studies on wheelchair use and general mobility did not report disease
or patient characteristics, nor any information on cognitive functioning.
While decreased fitness to drive was related to SPMS and with physical
disability, cognitive functioning seemed to have a greater impact on
fitness to drive. Especially speed of processing and visual attention were
key determinants. Although in the literature the results on the re-
lationship between visual functioning and fitness to drive varied across
studies, the review provided indications that impaired visual func-
tioning impairs fitness to drive of pwMS. Visual acuity, visual field and
visual attention appeared to be important functions to maintain fitness
to drive. This is in line with other studies investigating the relationship
between visual function and fitness to drive in other neurological
conditions (Yale et al., 2003). Additionally, the studies in which no
relationship was found between fitness to drive and visual functioning
only included pwMS or controls who already had sufficient visual
functioning to be allowed to drive. In contrast to studies using driving
simulators, studies examining on-road driving performance required
participants to be still driving regularly in their daily lives and having
relatively intact visual functioning. This may not always be the case in
pwMS (e.g. when driving is primarily taken over by the patient's
partner). Indeed, in the reported studies, the pass rates of pwMS in on-
road driving tests were higher than the pass rates in driving simulators,
which had less stringent inclusion criteria for participation in the study.
These inclusion criteria may include important factors in determining
fitness to drive, such as cognitive functioning, visual functioning and
overall disability and should be examined in relation to fitness to drive.

The reduced independent mobility may have a negative effect on
the social and work lives of pwMS. Although the use of a wheelchair or
mobility scooter can facilitate outdoor mobility on the one hand, it may
also decrease overall mobility, since transportation over longer dis-
tances requires more planning and accessibility of vehicles (for public
transport) or buildings may not be guaranteed. PwMS may therefore
less often leave the house, less often join social events, or have diffi-
culties to reach their work environments.

It is therefore surprising that very few studies on interventions or
rehabilitation options for pwMS to improve mobility were found in the
literature, especially since rehabilitation is essential in managing an
incurable and progressive disease. Moreover, when impairment and
disabilities become more severe, rehabilitation shows to be more ef-
fective in improving participation than symptom treatment
(Freeman, 2001). We would therefore firstly advise to conduct more
research on interventions and rehabilitations aimed at the improvement
of mobility in pwMS. With regard to improving fitness to drive, cog-
nitive and perceptual difficulties should be taking into account. In-
cluding cognitive training in a driving training has shown to be more
effective than driving training alone in older drivers and in patients
with neurological disabilities other than MS (Hay et al., 2016;
Klonoff et al., 2010; Ross et al., 2018). Regarding interventions to im-
prove wheelchair use, one could consider focussing on improving
pushing the wheelchair forward, as it was found that this may be dif-
ficult for pwMS and to make use of electronically powered wheels. It
would also be advised to look for alternative routes or destinations that
are more accessible for wheelchairs, or practice moving around in a
wheelchair, possibly under supervision of an occupational therapist
specialized in wheelchair use (Smith et al., 2019). Earlier research has
shown that these kind of interventions are beneficial in a general
clinical population (Tu et al., 2017) and individuals with spinal cord
injury (Best et al., 2017). In addition, for elderly people and people with
neurological conditions such as stroke, spinal cord injury and traumatic
brain injury, but not MS, an evidence based set of guidelines and re-
commendations was developed for maintaining wheelchair mobility
(Requejo et al., 2015). These set of guidelines might also be used or
adapted for pwMS. Besides this, while ample research has been done on
the effects of pharmacological therapies on the ability to walk
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(Baird et al., 2018), no studies investigated effects of these therapies on
other kinds of mobility. To be able to tailor interventions to improve or
maintain mobility, we also recommend to include pwMS with a broader
range of disease duration, disability level, as well as patients with dif-
ferent types of MS, as most of the studies only considered a part of the
pwMS group. For example, most studies concerning driving only in-
cluded pwMS with RRMS and a relatively low disability level, while
studies on wheelchair use only included pwMS with higher disability
levels and longer disease duration. Findings can therefore only be
generalized to certain groups, but not be applied to the entire popula-
tion of pwMS. In addition, by systematically reporting disease char-
acteristics in publications, further risk factors for mobility loss could be
identified, allowing a more specific design of treatment approaches
(e.g. rehabilitation). Performing longitudinal studies on the mobility of
pwMS could also contribute to this. Knowledge about the long-term
development of patients’ needs regarding mobility may be of significant
use for pwMS and their caretakers, as such knowledge may improve
estimation of the patients’ future needs, in order to better prepare and
to initiate steps of support in time.

Furthermore, no other mobility options than driving, wheelchair use
and public transport were described in het literature. For example,
despite including cycling related search terms, no studies were found
examining outdoor cycling as a way of transportation for pwMS.
Especially for shorter distances or smaller errands, the use of a bicycle,
E-bike, tricycle or a balance bike could provide an additional option.
Furthermore, other slow motorised vehicles could help to improve
mobility and to facilitate independence. Studies on these types or mo-
bility have yet to be performed.

5. Conclusions

A systematic review of 57 publications showed that MS has a det-
rimental effect on mobility. Physical disability, but especially impaired
cognitive functioning and impaired visual functioning affect mobility.
Driving, the use of wheelchairs and public transport may all—in their
own way—cause problems for pwMS which may lead to a decrease in
quality of life. As it is highly important to maintain mobility in order to
participate in society, more research is needed to advise pwMS or
professionals who are aiming to improve mobility, by means of an
evidence based guideline. Moreover, it is advised to scientifically ex-
plore other mobility options, such as tricycles, e-bikes or other slow
motorised or electrically powered vehicles.
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