
JRRDJRRD Volume 47, Number 3, 2010

Pages 213–224

Journal of Rehabil itation Research & Development
Multiple sclerosis and mobility-related assistive technology: Systematic 
review of literature

Ana Souza, MS;1–2 Annmarie Kelleher, MS, OTR/L;1–2 Rosemarie Cooper, MPT;1–2 Rory A. Cooper, PhD;1–2* 
Lisa I. Iezzoni, MD, MSc;3–4 Diane M. Collins, PhD1–2
1Human Engineering Research Laboratories, Department of Veterans Affairs Pittsburgh Healthcare System, Pitts-
burgh, PA; 2Department of Rehabilitation Sciences and Technology, University of Pittsburgh, Pittsburgh, PA; 3Harvard 
Medical School, Boston, MA; 4Institute for Health Policy, Massachusetts General Hospital, Boston, MA

Abstract—Multiple sclerosis (MS) causes a wide variety of 
neurological defi cits, with ambulatory im pairment th e m ost 
obvious cause of d isability. Within 10 to 15 y ears of di sease 
onset, 80% of p ersons with MS experience gai t problems due 
to muscle weakness or spastici ty, fatigue, and loss of balan ce. 
To facilitate mobility, persons with MS frequently use mobility 
assistive technology (MAT), such as canes, crutches, walkers, 
wheelchairs, and scooters. W e systematically reviewed the 
published literature on MAT use among persons with MS. We 
used elec tronic reference  list s s uch as Ovid MEDLINE and 
PubMed to search the literature. We located 50 articles that met 
the ini tial cri teria of providing good evidence of th e types of 
MAT dev ices and  th eir benefits for in dividuals with MS. A 
limited number of articl es with higher levels of evidence was 
found regarding benefits of MAT use sp ecifically for persons 
with MS. Evidence-based literature provides the basis for the 
strongest met hod of  measu rable clinical performance; there-
fore, having a strong research study design is vital to the justi-
fication of MA T p rescription and reim bursement decisio ns. 
However, a paucity of studies with higher levels of evidence-
based practice exists.

Key words: assistive technology, cane, level of evidence, mobil-
ity, mul tiple sclero sis, qu ality of li fe, reh abilitation, scooter, 
walker, wheelchair.

INTRODUCTION

Multiple scl erosis (MS), a neurodegenerative disor -
der of the central nervous system, curre ntly af fects 

approximately 40 0,000 U.S. residents, with 20 0 ne wly 
diagnosed individuals each week [1–2]. MS causes a  
wide variet y of n eurological deficits, with ambu latory 
impairment as the most obvious cause of disability [3–4]. 
Within 10 to 15 years of disease onset, 80 percent of per-
sons with MS  experience gait problems due to muscle 
weakness or spasticity, fatigue, and balance impairments 
[5–7]. To facilitate mobility, persons with MS frequently 
employ mobility assi stive technology (MAT), such as 
canes, crutches, walkers, wheelchairs, and scooters.

Matching the most appropriate MAT to the needs of a 
person with MS is vital to his or her daily mobility. Mobil-
ity impairments frequently restrict participation in work, 
family, social, vocational, and leisure activities [8]. Fur-
thermore, p ersons with  MS often exp erience dif ficulties 
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adapting to the changing and progressive nature o f mobil-
ity lo ss, frequ ently marked by  exacerbations and remis -
sions [9]. These difficulties can compound relatively high 
levels of emotional distress, which can exacerbate efforts 
to accommodate mobility with MAT [10]. A 2008 survey 
of persons with MS found that 37 percent were too embar-
rassed to use MAT, while 36 percent reported that they do 
not use their MAT as much as they should [11].

In addition to standard MAT, new and emerging tech-
nologies are un dergoing development that could accom-
modate mobility needs for persons with MS . More 
studies are  exploring the c onsequences and patterns of 
MAT use amo ng persons with  MS. Ho wever, no  recent 
review ha s examined the gr owing scientifi c evidence-
based literature about MAT use in MS. We aimed to sys-
tematically revi ew t he pub lished literature concerni ng 
MAT use among persons with MS.

METHODS

We searched the literature using the electronic reference 
lists Ovid MEDLINE® (1950–2008), CINAHL® (Cumu-
lative Index to Nursing and Allied Health Literature) (1982–
2008), Pu bMed (1966–20 06), and Scop us (1985–20 08). 
The searches used the followi ng keywords: fall s, mobility, 
multiple sclerosis, cane, walker, wheelchair, assistive tech-
nology, and  psychological problems. We considered on ly 
publications concerni ng persons with MS with impaired 
mobility and published in a peer-reviewed journal. After 
reviewing potential articles, we located 50 that met the ini -
tial criteria of providing good evidence of the types of MAT 
devices and their benefits for persons with MS (details of 
these studies  are prese nted in the Appendix, available 
online only).

The articles reviewed in our lite rature review were  
evaluated and inc luded according to their levels of evi -
dence (LOEs) and significance, as proposed by Sackett et 
al. [12]. Their approach is based on evidence-based med-
icine, which they defined as  “a practice of integrati ng 
individual clinical expertise with the best available exter-
nal clinical evidence from syst ematic research” [12]. To 
make the proce ss of evalua ting published research more 
efficient, S ackett et al. outlined LOEs and stratif ied 
them in order from strongest to weakest:
 •  I: Evidence is obtained from meta-analysis of multi-

ple, well-designed, controlled studies.

 •   II: Evidence is obtained from at least one well-
designed experimental study.

 •  III: Evidence is obtained from well-designed, quasi-
experimental studies such as nonrandomiz ed, con-
trolled single-group, pre-post, cohort, time, or 
matched-case control series.

 •  IV: Evidence is obtained fro m well -designed, no nex-
perimental studies such as comparative and corre-
lational descriptive and case studies.

 •   V: Evidence is obtained from case reports and clinical 
examples.

PATTERNS OF MOBILITY IMPAIRMENTS

Multiple Sclerosis and Risk of Falling
Persons with MS are partic ularly predisposed to vari -

ous impairments, including fa tigue and falls due to brain 
and spinal cord involvement [13–14]. In an observational 
survey stu dy of 1,0 89 person s with  MS aged 45 to 
90 years, Finlayson et al. reported that 52.2 percent of par-
ticipants had experienced a fall in the past 6 months. Fac -
tors associated with an incr eased ri sk of falling included 
being male, having a fear of falling, a deteriorating MS sta-
tus, balance problems or mob ility limitations, and poor 
concentration [13]. In addition, another survey study found 
that the absence of weight-bearing activities, unsteady gait, 
and use of a cane contributed to the multifactorial nature of 
falls among persons with MS  [14]. Common sequelae of 
falls include fractures, abrasions, lacerations, co mpro-
mised mobility, loss of confidence in performing tasks, and 
fear of falling [13]. Therefore, assessment of dif ferent 
aspects of MS-related motor impairments and the accurate 
determination of factors contributing to falls are necessary 
for disease management and therapy and for the d evelop-
ment of fall prevention programs [14].

Multiple Sclerosis and Mobility Through Ambulation
Understanding the experiences of mobility loss from 

the perspective of person s with MS may provide insight 
into the develo pment of p rograms, services, and adv o-
cacy efforts that support people with MS as they age [15–
16]. Th ese dev elopment efforts must cons ider se veral 
symptoms of MS that influence ambulation: loss of bal -
ance, weakness, fatigue, cogn itive impairment, fear of 
falling, spasticity, tremor, and visual impairment [17–18]. 
In addition, resistance to using appropriate MAT must 
also be addressed.



215

SOUZA et al. MS and mobility-related assistive technology
A 2000 literature review conducted by Noseworthy et 
al. found that even th ough MS causes a wide variety of 
neurological deficits, ambulatory impairment is the most 
common form of resulting disab ility [5]. W ithin 15 years 
of onset, 50 percent of persons with MS will require assis-
tance with walking. Therefore, most persons with MS will 
require some type of mobility assistance within the course 
of their disease progression [5]. A survey study conducted 
in 2 001 with 220  participants with  MS fou nd similar 
results to the Noseworthy et al. study , finding that  the 
probability of participants walking 10 to 20 m without 
assistance 15 years after diagnosis was 60.3 percent, while 
the probability of managing to  walk a few steps without 
using a manual wheelchair a s a bac kup w as a s high as 
75.0 percent [19]. The  resea rchers also found tha t the
existence of motor symptoms and advanced age at disorder 
onset indicated more unfavorable outcomes, but these fac-
tors were associated  with the progressive cou rse of MS. 
Baum and Rothschild in 1983 conducted an observational 
study with 1,145 persons with MS and found that approxi-
mately 51 percent of particip ants reported they needed 
help with personal mobility both indoors and outdoors [6]. 
Among study participants, 4  percent reported  using
crutches, 12 percent walkers, and 40 percent wheelchairs 
at 13 years after diagnosis [6]. A recent survey-based study 
conducted with 906 person s with MS also con cluded that 
factors such as being seen by an occupational therapist and 
the type of MS were the strongest predictors of assi stive 
technology (AT) acquisition [20].

CURRENT ASSISTIVE TECHNOLOGY AND
SERVICE DELIVERY

Mobility Assistive Technology
When gait difficulties do no t respond to therapeutic 

interventions, MA T devices may be useful too ls to
enhance m obility [1 7]. Mos t persons with  MS have 
mobility restrictions that require MAT devices [9,20–21]. 
A study with 101 persons with MS  indicated that their 
expectancy of becoming MAT us ers was as follows :
22.5 percent reported that th ey expec ted to be wheel -
chair-dependent in the short-term (2 years), 38.7 percent 
in the mid-term (10 years), and 54.0 percent in the long-
term (>10 years) [22]. Provision of MAT for persons with 
MS can potentially diminish activity limitations and par-
ticipation restrictions , preve nt or redu ce fa tigue by 
energy conservation and, ultimately, improve quality of

life (QOL). MAT includes any device used to maintain or 
improve mobility [15,23–24]. MAT is also designed to 
improve functioning, enable successful living at home  
and in the community, and enhance independence [25].

Therefore, a variety of assistive de vices have be en 
used by persons with MS:
  1. Ankle-foot o rthoses ( AFOs) have b een a n e ffective 

solution for compensating weakness, restoring energy, 
and helping to control unstable knee and ankle muscu-
lature. AFOs are also used for foot drop, a cond ition 
in which the individual cannot clear his or her toes in 
the swing-through phase of mobility , which af fects 
normal gait [26]. AFOs can be made from composite 
materials or plastics with two different mechanisms: 
rigid or articulated. Recently, carbon-fiber AFOs have 
become popular among persons with MS. They gener-
ally come in two styles: (1) an anterior shell with a 
medial or lateral upright component that creates knee 
stabilization, preventing knee e xtension, and that
reduces foot drop and (2) a po sterior shell that com-
pensates for ankle dorsiflexor weakness while return-
ing energy b y providing a sprin g ef fect during toe 
push off, consequently helping with toe clearance dur-
ing the swing part of gait. Negative factors associated 
with AFOs are limited ankle and knee mobility during 
kneeling, running, or stooping.

  2. Functional electrical sti mulation (FES), which has 
been used for treatment of muscles deprived of ne r-
vous control, provides muscle contraction and func-
tional movement [26]. For persons with MS, FES has 
been a useful tool for foot drop, balance, and walking 
training during rehabilitation treatment ; advanced 
technology has enabled a new system unit with wire-
less communication. How ever, the decision between 
an AFO and/or different models of FES is ultimately 
clinical and needs to be made by the potential user, 
physical therapist, and physician together.

  3. Hip flex ion ass ist orth oses (HF AOs) are a nother 
option for persons with MS who do not ef fectively 
ambulate despite the use of an AF O or FES.  The 
HFAO is indicated for persons with unilateral lower-
limb weakness in the hip and knee flexors along with 
the ankle and dorsiflexor muscles [26].

  4. Canes assist ambulatio n by maintaining the even dis-
tribution of weight on the hips that is characteristic of a 
normal gait. Canes are also beneficial when walking is 
only mildly unstable, reducing walking ef fort and risk 
of falls when compared with AFO s and HFAOs [26]. 
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Several types of canes are available, including single-
legged canes an d “q uad” canes, which hav e a bro ad 
base of support and can remain u pright independently 
so they do not become a tripping hazard.

  5. Crutches are also used to aid with ambulation by help-
ing with balance, widening the base of support, and 
decreasing weight bearing on  a sing le lower limb. 
Crutches provide mo re balan ce than canes du ring 
walking and are indicated for people wh o need bilat-
eral support and have good upper-limb control [26].

  6. Walkers and/or wheel ed walkers (rollators) are indi-
cated for persons with mode rate deficits and provide 
increased stability as a result of the walker ’s larger 
footprint compared with a cane or c rutches. In a ddi-
tion, they can be purchased with wheels, brakes, and 
modified hand grips to  aid in  function and safe use 
[26]. Further, to assist with fatigue, some walkers are 
equipped w ith s eats for short re st periods during 
ambulation.

  7. Manual whe elchairs provide a more stable wheeled 
option while still providing some level of physical 
activity [26]. In a ddition, manual wheelchairs can be 
used part-time or as a primary exclusive mobility 
option for persons who are experiencin g balance dif-
ficulties and frequent falls.

  8. Power-assist pushrim-activated wheelchairs (PAPAWs) 
are manual w heelchairs with a forc e/moment-sensing 
pushrim, which provides  assistance with wheel-
chair propulsion while requiring less p hysical strain. 
For people with MS, PAPAWs may prove to be a good 
compromise between the fatigue caused by propelling 
among manual wheelchair users and the lack of exer-
cise among power wheelchair users [26].

  9. Scooters are a pop ular mod e of po wered mo bility 
among persons with MS. Some users prefer a scooter 
to a manual wheelchair, since upper limb fatigue is not 
an issu e. However , scoo ters are often less desirable 
than power wheelchairs because of their lack of stabil-
ity during turns and limited seating system options to  
accommodate users with specific seating needs, as 
seen in progressive disorders such as MS [26 –27]. 
Scooters are available in two types: three- and four -
wheeled. The four-wheeled scooters typically of fer 
more device stability than the three-wheeled scooters, 
but as a result, they are dif ficult to maneuver and 
heavier and thus more difficult to transport.

10. Power wheelchairs shou ld n ot only be considered a 
mobility option for advanced stages but should also be 

recommended as a MA T option to address fatigue, a 
hallmark symptom of MS [14,25,28–29]. In contrast to 
scooters, power wheelchairs permit power seating sys-
tem up grades that may be indicated as the client 
progresses and are con figured in d ifferent typ es of 
driving base design s. Th ree main power wheelchair 
base options are available: rear-wheel, mid-wheel, and 
front-wheel drives [25].
Among the various MA T opt ions, manual wheel-

chairs (60%) have bee n reporte d as  the most common 
MAT used b y persons with  MS, followed by canes a nd 
crutches (44%), walkers (3 9%), and po wer wheelchairs 
(8%) [20].  In an  observational study, Baum and Roths-
child have also  shown that a gr eater number of persons 
use w heelchairs (40 %) tha n walkers/canes (12%), leg 
braces (6%), and crutches (4%) [6]. In a recent retrospec-
tive study , ma nual whe elchairs (33%) were again the 
most prescribed devices, followed by power wheelchairs 
(13%), walkers (6%), braces (6%), and c anes (2%) [30]. 
The use of wheelchairs has been positively correlated to 
the duration of the  dis ease, age, and awareness of the  
diagnosis [6,30].

Characteristics of ambulatory persons with MS w ho 
transitioned to a wheeled mobility device were compared 
with those of person s with sp inal cord injury (SCI) and 
investigated by Ambrosio et al. in a retrospective study 
[31]. Participants with MS were not able to ambulate at 
functional speeds and had sedentary activity levels. Fur -
ther, the quality of wheeled  mobili ty devices recom -
mended to persons with  MS  was in ferior to  th at of 
devices issued to persons  with SCI. In a nother survey-
based study b y P erks et al., 5 9 p ercent of wheelchair 
users s tated that they did not fe el their whee lchairs met 
their mobilit y needs and therefore they had dif ficulty 
navigating within dif ferent environments [32]. In addi-
tion, a 2002 literature review study by Fay and Boninger 
investigated the e fficacy of manual wheelchair propul-
sion in full-time manual wheelchair users with MS [33]. 
Results showed tha t persons with MS  were unable to 
maintain a functional  speed of wheelchair propulsion 
when compared with a control group of persons with SCI 
and a group of persons with no disability. Kinetic analy-
ses reveale d that with propulsive stroke of the manual 
wheelchairs, persons with MS ap plied a fo rce in  th e 
opposite dire ction of forward propulsion, esse ntially 
working against themselves every time they pushed their 
chairs, leading to incre ased energy expenditure during 
wheelchair propulsion. This higher energy expenditure is 
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a significant problem for th is population, for whom 
fatigue is a major limiti ng factor [33]. Thus, prescription 
of a powered mobility device, such as a scooter or power 
wheelchair, would be  more a ppropriate than a manual 
wheelchair, depend ing on many  factors su ch as clien t 
diagnosis, comorbid conditions, living environment, and 
use of trans portation. Users  of MA T devices  frequently 
view mobility devices as a symbol of loss of function or 
greater disability. Despite this fact, transition from man-
ual to pow er wheelchairs has been reporte d to e nhance 
users’ occupational performance, with increased feelings 
of competence, adaptability, and self-esteem [34].

Given the scarce research on AT for persons with MS 
and its importance on their activities of daily living, 
healthcare professionals and researchers have had to refer 
to work done on other populations with disabilities, such 
as SCI or cere bral palsy [33]. Persons who cannot walk 
and rely primarily on a combination of manual and power 
wheelchairs are  more likely to be active in the commu-
nity than those with these disabilities but who can walk 
and, therefore, use an ambulation aid and manual wheel-
chair combined [35]. Power wheelchairs allowed persons 
with MS to minimize  the ef fort needed to ambula te or 
propel a manual wheelcha ir, resulting in  conserved 
energy for use with other ac tivities [35–36]. Having an 
appropriate mobility device can significantly influence 
how a person with a disability perceives life [34].

Power wheelc hairs with dif ferent sea ting systems, 
such as tilt-in-space and rec line, help persons with MS 
rest comfortably in their chairs during the day without 
needing to return to bed or tr ansfer to a static chair [36]. 
In a descriptive study, Dewey et al. concluded that people 
with severe MS symptoms pre ferred to be out of bed as 
much as possible, and thus, the prescription of tilt-in-
space options should be  highly  considered by clinicians 
and co nsumers lo oking for power wheelchairs despite 
their cost [36]. A prospective study conducted by Ding et 
al. examined the use  of til t-in-space and recline among 
nondisabled person s, an d th eir resu lts sh owed th at t he 
most favorable angles with maximum pressure reduction 
were 45° of tilt and 120° of recline [37]. In additi on, the 
authors also reported that a combination of tilt and back-
rest recline achieved greater pressure reduction than tilt 
alone. Therefore, power -seat functions positively af fect 
users’ QOL because they allow users  to remain in their 
chairs longer , decrease the ris k of pressure sore s, con-
serve energy, access a variety of environments, and par -
ticipate in more activities dur ing t he day [ 38]. In

addition, tilt-in-spa ce dec reases the user’s risk of pres-
sure sores, especially in a dvanced cases of MS in which 
the person has decreased pr essure-relief ability [35–36]. 
The use of power-seat functions proves to be essential in 
helping p ower wheel chair users b e more comfortab le, 
with less need for transfers throughout the day, especially 
among persons with progressive diagnoses [29].

Caution should be ta ken in the  prescription of MAT 
devices, especially for persons  with MS; if the  prescrip-
tion does not meet the user ’s needs, the MAT prescribed 
might not be used and instead abandoned. A retrospective 
study conduc ted by V erza et al. in  20 06 fou nd that AT 
devices were abandoned because of worsening in phys i-
cal status (3 6.4%), followed by  nonacceptance of the  
device by  the u ser (3 0.3%), inapp ropriateness (2 4.2%), 
and insufficient/lack of info rmation and training (9.0%) 
[30]. A reason for this devi ce abandonment could be  a 
change in medical condition; in addition, functional abil-
ity is a strong factor in fluencing aband onment of A T 
[25]. Unlike with other diagnoses, MAT for peop le with 
MS may not be a long-term solution because of the pro-
gressive nature  of the disorder . MA T abandonment is 
costly in both financial terms and outcomes achievement, 
regardless of whe ther the abandoned equipment is  high 
or lo w tech nology [2 5]. Dev ice ab andonment cou ld b e 
reduced if c onsumers were  actively involved from the 
start of the MA T service-delive ry proc ess. A better 
understanding of how and why persons decide to acc ept 
or reject dif ferent types of MAT is critical to improving 
these persons’ QOL [25].

Mobility Assistive Technology Use and Service Delivery
In advanced stages of MS, s everal interventions can 

provide assistance with independence to the in dividual, 
such as (1) provision, education, and instruction in use of 
assistive devices (walking aids, po wer/manual wheel -
chairs, a nd car adaptations); (2) education and instruc -
tion about compensatory strategies to accomplish an 
activity (safe transfers); and (3) environmental modifica-
tions (ramps, lifts, w ider doors, level access showers, 
bath aids, and environmental control systems) [9,20].

MAT must serve as an interface between the person 
with a disability and the activity the person chooses to 
perform and must promote re integration into community 
life [39]. Services models are used as guidelines to pro-
vide a comprehensive conceptual model representing fac-
tors to be considered in the design of an AT device or the 
development of a service-delivery program that not only 
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meets us er needs but also is  in accordance with policy 
regulations [39]. Therefore, researchers have been devel-
oping a co mprehensive mo del of service delivery that 
includes those  factors and improves not only service 
delivery but also policy regulations.

Researchers from the Un iversity of Pittsburgh
recently developed a new service d elivery model called 
the Policy, Human, Activity, Assistance, Technology, and 
Environment (PHAATE) model. This model incorporates 
policy, human, activity, assistance, technology, and envi-
ronment into service delivery of A T [39]. The  PHAATE 
model was develop ed to crea te a comprehensive model 
representing factors that shou ld be considered in the 
design of AT devices o r in th e actual development of a  
service-delivery program. Whe n prescribing AT, clini -
cians mus t prioritize each individual’ s medical benefit 
and consider the reimbursement policy to avoid denial of 
reimbursement due to lack of well-documented letters of 
medical necessity. However, the policy should not influ-
ence or d ictate the final clinical recommendation for the 
most appropriate MAT device. The environment and con-
text sh ould be consid ered during the service-delivery 
process, because people perform activities in a variety of 
environments [39]. One pro blem of AT provision lies in 
the paucity of AT outcome studies, partially due to inade-
quate fu nding support for research studies o r lack  of 
understanding of the need for specia lized clinical exper-
tise, especially among insurers and nonrehabilitation 
medical professionals [39].

Studies investigating service-delivery models in coun-
tries such as Ireland and Canada showed that the develop -
ment of a client-focused, social, and partic ipatory A T
service-delivery model achieves the best results for people 
with disabilities and their caregivers [40]. Another observa-
tional study was conducted in 2005 by Ripat and Booth 
to identify key characteristics of the AT service-delivery 
model preferred by the various Canadian stakeholders [41]. 
When prescribing AT, clinicians should focus on persons’ 
medical necessity and their specific needs during th e deci-
sion-making process as well as when choosing appropriate 
AT devices. Based on these study results, recommendations 
for service delivery were proposed for future use in other 
AT clinics. These study results may help in the develop -
ment of fu nding guidelines, the support of th e importance 
of AT in enabling meani ngful activities, and the examina-
tion of current service delivery in different contexts. Partic-
ipation of the end  user needs to  be consid ered throughout 
the entire AT proce ss. The evaluation process should

address the user’s skill, goals, abilities, supports, resources, 
and context [40–41].

AT is, therefore, best deliv ered with a te am approach, 
including AT professionals (ATPs) and rehabilitation engi-
neering technologists (RETs) working in cooperation with 
qualified physi cians, all focused on th e needs of the end 
users. For this reason, the Rehabilitation Engineering and 
Assistive Technology Society of North America provides 
the ATP and RET credentials to identify knowledgeable 
clinicians, suppliers, and engineers [42]. These efforts and 
research studies on  ho w to improve AT service deliv ery 
may decrease AT abandonment and consequently increase 
users’ satisfaction, community participation, and QOL.

New and Emerging Mobility Assistive Technologies
In a 2007 prospective research study, Sawatzsky et al. 

investigated the use of the Segway ® Personal Transporter 
device (Segway Inc; Be dford, Ne w Ha mpshire), another 
powered mobility device for persons with limited ambula-
tory ability, such as people with MS or lower-limb amputa-
tions [43]. Segway devices are described as “the first self-
balancing, electric-powered transportation devices.” The 
rider stands on a small platform supported 20 cm of f the 
ground by two parallel wheels and holds onto the handle-
bars. A twist grip on the left bar is used to steer the device. 
When the rider moves forward , the Segway moves for -
ward; when the rider leans back, it moves back or stops. 
The Seg way is  marketed as a revo lutionary dev ice th at 
requires no special skills and that “virtually anyone can 
use.” In this particular study , the authors found that the 
Segway was a useful device for a wide range of disabilities 
(e.g., MS, SCI, amputation) and it may also increase per -
sonal mobility for some people with functional limitations. 
Therefore, it wo uld enable people with functional limita -
tions to become more involved in meaningful activities 
and, hence, increase their QOL [43].

For persons with difficulty operating a mobility device 
because of dec reased phys ical strength or environ mental 
accessibility barriers, a new concept has been developed to 
accommodate those issues: the Independence iBOT 30 00 
mobility system (Independence T echnology, Johnson & 
Johnson; New Bruns wick, New Jersey) [44]. The  iBOT 
was recently developed with th e purpose of overcoming 
many of the limit ations of currently avail able mobility 
devices [44]. The iBOT has a computer system designed to 
provide a d ynamic ba lance reaction in the for e-aft di rec-
tion and has five different operating functions: (1) standard 
(similar to a traditional power wheelchair), (2) four-wheel 
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(four-wheel drive for outdoor  mobility including curb 
climbing), (3) balance (two-wheel drive, dynamically bal-
anced on two wheels for mobility at the elevated height of 
a standing person), (4) stair-climbing (rotation of the wheel 
clusters to allow “stepping up” one stair at a time), a nd
(5) remote (nonoccupied mobility device) [44]. Even 
though th e iBOT is a g ood mobility optio n for p ersons 
with ambulatory impairment, it is an expensive device 
with fu nding u navailable by Medicare; h ence, it is no 
longer available on the market.

Another op tion in po wer wh eelchairs de signed for 
indoor an d o utdoor use an d stair climbing is ca lled 
the TopChair (Hmc2développement; Toulouse-Montrabé,
France) [45]. This power wheelchair comprises combined 
wheels and a caterpillar track. The TopChair was test ed 
in F rance amo ng 25  person s with SCI, and results 
showed that a ll participants  were  able  to succ essfully 
operate the power wheelchair indoors and outdoors. Due 
to its electromechanic property and caterpillar tracks, the 
TopChair is a little bulkier and heavier than other power 
wheelchairs with similar func tions. However, no studies 
have evaluated the benefits of the T opChair among per-
sons with MS.

Even though new technologies have been developed 
recently to enhance mobility and community partici pa-
tion, a clinician must consider  many factors when trying 
to match a person with an assistive device [30]. Using an 
assistive device for mobility could vary in two ways: full-
time use or part-time use, depending on level of disability 
and functional characteristics [30]. Evaluating and under-
standing the pros an d cons of each device, eith er with a 
new design a nd features or with a  device already on the 
market, are vital when MA Ts are  pre scribed. The suc -
cessful use of each MAT will be based on the interaction 
of knowledge of the disorder  stage by the rehabilitation 
professional and willingness of  the person wi th MS to 
accept and use what is suggested.

PSYCHOSOCIAL FACTORS AND MOBILITY 
ASSISTIVE TECHNOLOGY USE

Psychological Aspects of Multiple Sclerosis
Emotional d istress is high er am ong pe rsons with  MS 

than wit h other  chroni c illnesses and is three times more 
common in persons with MS than in the general population 
[10]. Contributing factors to high emotional distress rates in 
persons with MS include the uncertainty and unpredictabil-

ity of symptoms and disability over time. Results from sec-
ondary analyses of a survey-based study by Gulick 
suggested that the presence of emotional and financial sup-
port together with  co ping str ategies ex plain how p ersons 
with MS can enhance their performance in everyday activi-
ties, including personal care, mobility, recreation, sociali z-
ing, and intimacy, despite the presence of emotional distress 
arising fr om th is d isabling chro nic disorder [10 ]. Support 
groups are options for persons with MS who are eithe r 
recently diagnosed or hav ing problems dealing with o r
adjusting to their diagnosis of MS. These groups are  
designed to take people from the initial emotional response 
of acknowledging their diagnoses to a different view of how 
to cope with and practically manage their symptoms [46]. 
The parti cipation of care pa rtners becomes particularly 
important at  these times, main ly because they will t hen 
learn from other families how to best support their loved 
ones with MS [47]. Th e psychological aspects of MS have  
been reported not only among adults but also a mong chil-
dren. Interestingly, the psychosocial difficulties seen among 
children and adolescents with MS have the same manifesta-
tions as adults [48]. These manifestations affect the persons’ 
self-image, role functioning, mood, and cognit ion not only 
in school but also at work, in  their interper sonal relation-
ships, and during treatment  com pliance. Am ong old er
adults, fear of the future is the major concern, which 
enhances the fear of experienc ing future losses of mobility 
and inde pendence, becoming a burden on caregivers and, 
ultimately, moving into a nursing home [49].

Another important factor in the psychological aspect of 
persons with MS is the use of an AT device, especially for 
mobility, whi ch has a great influence on the activities of 
daily living and independence of persons with MS. Inabil-
ity to go out or di fficulty going out in the communi ty 
increases frustration a nd depende nce on others , c onse-
quently in creasing the probabi lity of depression. A 2001 
survey-based study by Buning et al. investigated the impact 
of tran sition from manual to  power wheelchairs an d its 
influence on the persons’ o ccupational performance and 
psychosocial coping with regard to this transition [34]. The 
authors fo und that chan ging fro m a manual to a power 
wheelchair increased participants’ occupational perform-
ance in daily life; moreover, their satisfaction with using a 
power wheelchair increased their competence, adaptability, 
and self-esteem [34]. Even though the study population was 
small (n = 8), these results suggest  that the use of power 
wheelchairs may positively influen ce not only peop le with 
chronic disabilities, such as SCI and traumatic brain injury, 
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but also people with progressive conditions, such as MS and 
muscular dystrophy. Despite how persons with MS think of 
their disability while using MA T devices such as power 
wheelchairs, these devices can cont ribute to their resilience 
during mobility-related activities of daily living by restoring 
their abil ity to perform acti ons, tasks, and projects, which 
support occupational and role performance [34].

In addition to finding the best option when prescrib -
ing AT devices, rehabilitation professionals must equally 
emphasize the influ ence of a go od in teraction between 
persons with MS and their family [25–46,48–50]. Having 
a family member with MS may affect the overall f amily 
dynamics, whether the person is a  child or an adult [48]. 
Poor communication between persons with MS and their 
family may je opardize the decision to a cquire an appro-
priate AT device. In cases in which only family members 
are available to de cide on an AT device, the ir decision 
could have detrimen tal effects on the psychosocial w ell-
being of person s with  MS if they feel that they do not 
have co ntrol ov er o r inp ut int o the kin d o f equipment 
obtained [50]. Persons with MS an d their family should 
discuss and agree on the risks and benefits of the AT to be 
used to maintain a suppor tive environment with good 
adaptation to the new device [51]. An open relationship 
between person s with MS, th eir family membe rs, and 
rehabilitation professionals involved in prescribing an AT 
device will result in better outcomes [34,50].

Pain is a n important factor influencing psychosocial 
functioning. In a stud y co nducted amo ng vete rans with 
MS, inc reased fatig ue, p oor ge neral he alth, an d g reater 
depression symptom severity w ere s ignificantly as soci-
ated with higher levels of pain. Therefore, pain should be 
treated aggressively to mini mize functional impai rment 
[51]. Also, preventin g pain due to extended seating in 
wheeled mobility devices should be addressed.

Mobility Impairment and Quality of Life
A surv ey-based stu dy conducted with 412  persons 

with MS showed that more than 50 percent of persons with 
long-standing MS req uired assistance both in and out o f 
their ho mes [14 ]. In ad dition, factors inc reasing the  pe r-
centage of people who needed assistance included longer 
MS duration, diagnosis a t a n o lder a ge, a nd the in divid-
ual’s ackno wledgment o f th e d iagnosis [6,9]. Red uced 
mobility has been associated with built environmental bar-
riers, difficulty in completion of daily activities, restricted 
participation in life task s [15–16], and p erceived reduced 
QOL and community participation [23 ,52]. In 2002, a lit -
erature review study by Fay and Boninger found that QOL 

was closely correlated with mobility [33].  A 2007 retro -
spective study among 196 persons with  MS sh owed that 
persons with decreased physical  activity also had red uced 
QOL. The same study concluded that barriers in the built 
environment influenced p hysical activity levels and com -
munity participation [47]. An accessible environment not 
only p romotes high  levels of physical activ ity bu t also 
results in increased community participation, particularly 
among persons with MS.

Significantly decreased mobility and self-reported QOL 
in the MS pop ulation hav e been highlig hted as important 
intervention needs [6 ,24,47]. Over time, persons with  MS 
experience reductions in health status and physical function 
[53]. In addition, persons wi th chronic pr ogressive MS 
experience more activity limitations than do pers ons with 
relapsing-remitting and benign types of MS. Fatigue, weak-
ness, balance impairments, spasticity, tremors, and speech 
and swallow ing problems are the most troublesome MS 
symptoms that impact the activity performance of persons 
with MS [53–54]. Hence, the resulting impaired ambulation 
is an important contributor to disability and decreased QOL 
in persons with MS [23,55].

CONCLUSIONS

Beside the ph ysical, p sychological, and eco nomic
impact of MS o n patients an d family members, this disor -
der causes a wide variety of neurological deficits, of which 
ambulatory impairment is the first symptom and the most 
common form of disability [4]. Common symptoms of MS 
include fatigue, weakness, spasticity, ataxia, somatosensory 
symptoms su ch as  visual impairment, an d other impair -
ments of cranial nerves and brain stem structures [19].

The type, severity, and  frequency of sy mptoms deter -
mine MS progression and the potential need for MA T 
devices. The unpredictable nature of MS is a constant chal -
lenge for not only persons with MS but also their family and 
friends. The possi bility of l osing the abi lity t o walk 
increases the stress and psychological aspects of being diag-
nosed with MS. Therefore, relying on an assistive device for 
mobility becomes very important to all persons with MS.

One of the biggest challenges for rehabilitation profes-
sionals and persons with MS is finding a mobility device 
that mee ts the us ers’ ne eds and maint ains or increases 
community participation [52]. Being able to remain active 
in the community and also keep  their jobs are some of the 
biggest challenges for persons with MS. Independence is 
just one of the important fact ors that must be considered 
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when MAT is being prescrib ed. Other factors that require 
consideration are degree of fatigue, activities that the per -
son with MS wants to do, context in which the device will 
be used, how the device will be funded, and user accep-
tance of the device. Man y MAT options are availab le on 
the market. The options vary from AFOs, canes, and walk-
ers to power wheelchairs with many different functions. It 
is important to note that pursuing MAT devices is  a pro-
cess that involves the person with MS and his or her reha-
bilitation professional team a nd family members. T o be 
successful, the MAT device must improve the overall QOL 
of the person with MS.

Throughout our literature review, we observed that a 
limited number of articles with higher LOEs were fo und 
regarding th e benefits of M AT use specifically  for per-
sons with MS. The re is  a paucity in studie s with higher 
LOE-based practice, and most of the a rticles found were 
LOE IV (n = 32) and V (n = 15), followed by III ( n = 2) 
and II ( n = 1). Evidence-based practice  is the strongest 
method of  measurable clinical performance; there fore, 
having a stron g stud y design  is the best way to  justify  
prescription and reimbursement decisions. Future quanti-
tative stud ies should b e co nducted to  pr ovide a better 
understanding of the b enefits of appropriate M AT fo r 
persons with MS. In addition, assessing the QOL of 
potential users before and after MAT acquisition might 
be another way to understand and enhance the benefits of 
MAT for persons with MS.
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