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There is much to be learned from falls-related research outside the field of multiple sclerosis (MS), as well 
as from work within the MS field but not specific to falls or falls prevention. This article describes three 
examples of such bodies of work that have potential to broaden approaches to falls-prevention research: 
1) sensory components of postural control among older adults, 2) lessons learned from physical activity 
promotion among people with spinal cord injury (SCI), and 3) aging among people with MS. Age-related 
deterioration in visual, vestibular, and somatosensory systems or in sensory integration can adversely affect 
postural control and can contribute to falls in older people. Sensory-specific interventions designed for 
improving balance in older people could be adapted for preventing falls in individuals with MS. Spinal 
Cord Injury (SCI) Action Canada’s strategy for disseminating physical activity promotion interventions for 
adults with SCI has been successful and widely accepted by community partners. Many of the peer-based 
interventions developed by SCI Action Canada are potentially relevant and could be adapted to the MS 
population for both physical activity promotion and falls prevention. Considering that older people with 
MS constitute a growing proportion of the MS population and over 70% of older people with MS report 
moderate to extreme balance problems, falls prevention should be one of the key components, particularly 
for MS management in older or more disabled groups. Overall, given people’s different ages, symptoms, 
strengths, and barriers, a tailored MS falls-prevention intervention that includes peer/caregiver support is 
critical. Int J MS Care. 2014;16:163–170.

Accidental and injurious falls are not unique to 
people with multiple sclerosis (MS), nor are 
the efforts to understand and reduce them. 

It is well accepted that falls are multifactorial1,2 as well 
as preventable.2,3 Preventing falls requires knowledge 
of modifiable risks and the ability to apply theory-
driven strategies to change them. In 2012, Gillespie 
and colleagues4 included 159 randomized controlled 

trials in a Cochrane review focused on examining the 
effects of interventions to reduce the incidence of falls 
among community-dwelling older adults. Interventions 
included in the review attempted to compensate for or 
remediate physical impairments (eg, weakness, visual 
problems), environmental barriers, and psychosocial 
factors. The volume of evidence is less for populations 
with chronic conditions (eg, stroke,5 Parkinson’s dis-
ease6). Consequently, there is much to be learned from 
falls-related research done outside of MS as well as from 
work within the MS field but not specific to falls or falls 
prevention. Therefore, the initial session of the inau-
gural meeting of the International MS Falls Prevention 
Research Network, which took place on March 3, 2014, 
at Queen’s University, Kingston, Ontario, Canada, 
sought to highlight research from other areas of investi-
gation that could be brought to bear in the development 
of an MS falls-prevention intervention protocol.

While research from a number of fields could be 
drawn on to inform the development of an MS falls-
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information required for precise and accurate postural 
control.

Vision
Dependence on visual information for postural con-

trol increases with increasing age.12 However, age-related 
changes in the visual system result in a decline of visual 
acuity, contrast sensitivity, depth perception, visual field, 
and adaptation.13 Visual impairment, measured as well as 
self-reported, is strongly associated with the risk of falling 
among older persons,14 and this relationship is stronger 
for falls in outdoor environments.15 Although reduced 
visual acuity has been associated with falls, reduced con-
trast sensitivity and depth perception are more important 
vision-related risk factors for falls, recurrent falls, and 
fall-related hip fractures in older individuals.13

Vestibular System
Decline in vestibular function correlates well with 

decline in balance in older people.16 The incidence 
of falls is almost double in older adults with bilateral 
vestibular hypofunction compared with age-matched 
controls.17 Further, almost three-quarters of the older 
idiopathic fallers referred for fall risk assessment have 
quantitative evidence of either peripheral or central ves-
tibular system hypofunction.18 Significantly diminished 
vestibulo-ocular reflex has been recorded in older fallers 
with hip fracture.19 It is possible that age-related deg-
radation of central and peripheral vestibular pathways 
plays a role in age-related decline in balance and contrib-
utes to falls.

Somatosensory System
Age-related deficits have been demonstrated in 

various aspects of lower-limb somatosensation, includ-
ing cutaneous (touch, vibration)20,21 and proprioceptive 
(joint position and motion) sensitivity.22,23 Older people 
with poor overall somatosensory function are more likely 
to report multiple (two or more) falls.24 Several studies 
have used a peripheral neuropathy model to demonstrate 
a relationship between lower-limb somatosensory func-
tion and falls in older people. However, impaired lower-
limb tactile acuity,25 vibrotactile sensitivity, and pro-
prioception in older adults are associated with increased 
falls26 independent of overt peripheral neuropathy.

Sensory Integration
The visual, vestibular, and somatosensory systems 

provide complementary information and thus help to 
eliminate ambiguity arising from individual sensory 
inputs.27 The central nervous system (CNS) processes 
multiple sensory inputs concurrently and modulates (up- 
or down-regulates) the central gain of the sensory systems 

prevention protocol, three specific topics are addressed 
in this article: 1) sensory components of postural control 
among older adults, 2) exercise interventions for people 
with spinal cord injury, and 3) aging among people with 
MS. Balance was highlighted because one of the most 
commonly identified risk factors for falls in older adults 
is impaired balance.7 Balance is subserved by efficient 
postural control mechanisms. The topic of postural con-
trol among older adults was identified by the meeting 
planners as important and relevant to the Network’s dis-
cussions because people with MS have well-documented 
challenges with postural control.8 While understanding 
of postural control among people with MS is growing, 
awareness of the current state of knowledge about older 
adults has the potential to drive new insights into falls 
among people with MS.

The topic of physical activity was highlighted because 
activity-based approaches are a common component of 
falls-prevention interventions for people with MS. Physi-
cal activity can help people with MS improve their bal-
ance and strength, impairments of which are associated 
with accidental falls. Research establishing the benefits 
of physical activity for people with MS is burgeoning.9,10 
However, there are still gaps in research aiming to identi-
fy effective methods for broadly disseminating evidence-
based physical activity interventions. Strategies to address 
these gaps are also relevant to falls prevention. To extend 
knowledge and generate new ideas specific to preventing 
falls among people with MS, the topic of physical activ-
ity interventions for people with disabilities, specifically 
the systematic approach to physical activity promotion 
established by Spinal Cord Injury (SCI) Action Cana-
da,11 was identified by the meeting planners as important 
and relevant to the Network’s discussions.

Finally, aging was considered an important topic for 
discussion because the broader literature on falls and 
falls prevention is dominated by studies of older adults. 
This is not the case in the MS literature, in which study 
participants have ranged in age from their 20s to over 
90. Nevertheless, the meeting planners recognized that 
aging and age-related concerns are important factors to 
consider when developing an MS falls-prevention inter-
vention and protocol. Therefore, research on aging with 
MS was included in the discussions.

Understanding the Underlying Sensory 
Components of Postural Control Among 
Older Adults

Three systems—namely, the visual, vestibular, and 
somatosensory systems—collectively contribute sensory 
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tural control in people with MS can have multifactorial 
etiology (eg, motor or cognitive deficits, fatigue, depres-
sion) and may differ from one person to the next. How-
ever, recent studies highlight the slowed somatosensory 
conduction and impaired central integration as primary 
causes.38,39 The adverse effects of MS on people’s visual 
and vestibular systems40 may reduce the redundancy 
available in sensory information and further accentuate 
the impact of impaired central integration. Encouraging 
results from a recent study41 indicate that sensory inte-
gration training may improve postural control in people 
with MS. Future studies are warranted to rigorously 
examine the utility of sensory-specific interventions for 
reducing falls and fall risk in patients with MS.

Developing and Disseminating Physical 
Activity Interventions for People with 
Disability

Learning from Example: Promoting Physical 
Activity Among Adults with Spinal Cord Injury

Similar to adults with MS, most adults with SCI are 
inactive. Recognizing the need for comprehensive inter-
vention, SCI Action Canada was founded (a full descrip-
tion is available in Ginis et al.42). SCI Action Canada 
is a partnership of 15 international researchers and 16 
provincial and national community-based organizations. 
Its mission is to develop and mobilize strategies that 
will inform, teach, and enable people living with SCI 
to initiate and maintain a physically active lifestyle. The 
organization’s activities were guided by five established 
principles for translating evidence-based interventions 
into practice43: 1) what research evidence should be 
transferred, 2) who is the target audience, 3) who are the 
key messengers, 4) what are the preferred methods for 
dissemination, and 5) what are the effects of dissemina-
tion. Some of the seminal activities of the partnership 
are summarized below (detailed information is available 
in the cited articles).

Principle 1: Select the Evidence. A series of cross-
sectional and prospective cohort studies were conducted 
to identify key behavioral determinants.44 Task and 
barrier self-efficacy (ie, confidence to perform physical 
activity and overcome barriers), goal-setting, and plan-
ning emerged as key theoretical determinants. A series 
of interventions to target these determinants were pilot 
tested.45

1) Active Homes45: A certified personal trainer and a 
peer visited the home of participants with paraplegia to 
conduct an introductory strength training session. Dur-
ing the session, peers demonstrated a series of strength 

depending on the relevance and reliability of the sensory 
information, the task, and the environment.28 There-
fore, the accuracy of the information received from the 
three sensory systems as well as the ability of the CNS to 
appropriately weigh and integrate these inputs depending 
on the task and the environment is key for adequate pos-
tural control.29 The ability to reweight sensory informa-
tion is particularly important when the sensory context 
for postural control changes owing to changes in the 
environment (eg, walking from a well-lit corridor to a 
dimly lit carpeted  room) and/or changes in the availabil-
ity of sensory information to the individual (eg, normal 
vs. cataract-related visual impairment vs. peripheral neu-
ropathy–related somatosensory impairment).28

Although older adults can prevent a loss of balance 
with manipulation of two of the three sensory systems, 
those with a history of falls have difficulty even when 
one sensory input is manipulated.30 Those with a history 
of multiple falls have particular difficulty compensat-
ing for conflicting visual information.31 In addition, the 
proportion of participants who lose balance in the most 
challenging balance conditions (ie, inaccurate visual 
and lower-limb somatosensory information) decreases 
significantly with repeated trials in nonfallers and single 
fallers but not in multiple fallers.32 These results indicate 
that multiple fallers fail to learn even when repeatedly 
exposed to conflicting sensory conditions.

With increasing age, the ability to reintegrate sensory 
information, once it becomes available, also deteriorates 
(eg, longer time delays, higher attentional demands)33 
and creates imbalance in the weight assignment of the 
CNS.34 However, it is not known if these differences 
are more pronounced in older fallers compared with 
nonfallers.

Sensory-specific exercise interventions have long been 
designed and implemented to improve sensory integra-
tion for postural control in the general older popula-
tion.35 Such interventions can decrease unnecessary high 
gains of visual and somatosensory systems under chal-
lenging sensory conditions36 and reduce delay in rein-
tegration of sensory information.23 These have proven 
effective for improving measured as well as self-reported 
balance in older individuals and may also reduce falls.37

Relevance to MS
Research has shown that people with MS often have 

problems with postural control, which likely contributes 
to their heightened risk of falls.8 Studies of standing 
posture have shown that compared with healthy con-
trols, people with MS evoke delayed automatic postural 
responses in response to perturbations.38 Deficits in pos-
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moting physical activity for adults with MS. Key theory-
based determinants of behavior have been identified, 
including task and barrier self-efficacy, goal-setting, and 
planning.51 Through a series of qualitative interviews, 
health-care professionals, community-based organiza-
tions (ie, the MS Society of Canada), and peers have 
been identified as key messengers.52 Interestingly, these 
theoretical determinants and key messengers are the 
same as those for adults with SCI. Although there is 
overlap, conducting these preliminary investigations 
within the MS population was important in acknowl-
edging the unique (or not so unique) characteristics and 
needs of the MS population and creating acceptance of 
the findings by end users (eg, people with MS and com-
munity partners). With the key determinants and mes-
sengers identified, researchers and practitioners should 
now move forward to develop, test, and disseminate 
interventions that target these key determinants and that 
can be delivered by preferred messengers. Many of the 
peer-based interventions developed by SCI Action Can-
ada are potentially relevant and could easily be adapted 
to the MS population for both physical activity promo-
tion and falls prevention. Stakeholders (eg, people living 
with MS) should be engaged in the process of adapting 
this model and the intervention approaches described to 
optimize acceptability to the population.

Research on Aging and Older Adults with 
Multiple Sclerosis

Older people with MS constitute a growing propor-
tion of the MS population53; however, little is known 
about aging with MS or factors that affect successful 
aging with MS. In order to describe healthy aging from 
the perspective of the older person with MS, research-
ers interviewed 18 people who were 55 years of age and 
older with symptoms for 20 or more years.54,55 Analysis 
of key themes emerging from the data showed that older 
people with MS highly valued four major factors that 
they felt contributed to health and life satisfaction as 
they aged54: work and social engagement, effective and 
accessible health care, healthy lifestyle habits, and main-
taining independence at home.

Work and Social Engagement. Participants strived 
to maintain their societal roles in which they felt they 
were making a contribution to others. For example, one 
participant was extremely distressed when he had to 
retire prematurely owing to his mobility problems.

Effective and Accessible Health Care. Access to 
trusted health-care providers with expertise in MS care 
was highly valued among participants. Conversational 

training exercises using an elastic resistance band. 
This pre-post pilot intervention resulted in significant 
increases in the amount of strength training participants 
engaged in 1 month after the visit.

2) Brief Action Planning46: Peer mentors with SCI 
from a community partner organization attended a 
4-hour training session introducing principles of brief 
action planning as a strategy to promote physical activity 
to their mentees. Brief action planning is a client-cen-
tered counseling style that aims to encourage clients to 
set a clear plan for attaining a goal behavior. Follow-up 
evaluations 2 to 4 weeks after the intervention revealed 
that the peer mentors had acquired many of the critical 
skills necessary to counsel mentees.

Principle 2: Identify the Target Audience. The 
target audience for each intervention aligned with the 
priority of our community partners. Two key audiences 
were targeted: adults with SCI and health professionals.47

Principle 3: Identify Key Messengers. A scoping 
review48 and a series of focus groups49 were conducted. 
Health professionals, community-based service organiza-
tions, and particularly peers emerged as preferred sources 
of physical activity information.

Principle 4: Identify Preferred Methods. Preferred 
methods of dissemination were identified in the scop-
ing review48 and focus groups.49 Direct interpersonal 
communication (ie, a conversation), online resources, 
and print media were identified as preferred channels 
of dissemination. Because the interventions were dis-
seminated in collaboration with community partners, 
the method of dissemination used for each intervention 
was determined largely by community partners’ ongoing 
programming and resource availability.

Principle 5: Evaluate the Effects of Dissemination. 
All SCI Action Canada activities were monitored using 
metrics from the RE-AIM framework (Reach, Efficacy, 
Adoption, Implementation, and Maintenance)—a tool 
for evaluating the impact of putting evidence-based 
interventions into practice.50

As a result of this systematic approach, SCI Action 
Canada has been successful in broadly disseminating 
its evidence-based programs, initiatives, and resources 
across Canada. Moreover, owing to the collaborative 
nature of the partnership, the resulting interventions 
have been widely accepted and implemented by com-
munity partners.50

Promoting Physical Activity for Adults with 
MS: What We Know So Far

Using SCI Action Canada’s approach as a model, 
researchers have begun to apply the principles for pro-
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as “fallers” or “at risk,” and they often viewed falls as 
both “routine” (“I fall all the time”) and yet “unexpect-
ed.” Using a qualitative research approach, researchers 
found that study participants, despite reporting prob-
lems with balance and falls, did not wish to use walking 
aids or wheelchairs.55 They explained that using these 
devices had two drawbacks from their points of view: 
first, canes, walkers, and wheelchairs were perceived as 
clear signs of disability that attracted sometimes unwant-
ed attention from others; second, they considered the 
use of devices to be a sign of “giving up” or accommo-
dating to MS. Participants felt that by using mobility 
aids, they would sacrifice potentially beneficial exercise 
effects of unaided (but often unsteady) walking on their 
balance and leg strength. Many participants described 
switching to a new gait aid reluctantly after a fall, some-
times at the insistence of concerned family members.

The Impact of Balance Problems Among Older 
People with MS

It is intuitive to think that safety in balance and 
mobility and lack of falls are integral to healthy aging 
with MS. However, there is little research examining the 
relationship between falls, balance, and health among 
older people with MS or people with higher degrees of 
MS-related disability. Grounded by qualitative find-
ings, Ploughman and colleagues56 conducted the largest 
survey of health, lifestyle, and aging with MS in Canada. 
They recruited older people with MS (≥55 years of age) 
with symptoms for at least 20 years. Through Canadian 
MS clinics, MS Society chapters, and newspapers, 921 
people were contacted and 743 surveys were returned.56 
Participants ranged in age from 55 to 88 years, with a 
mean (±SD) age of 64.6 (±6.2) years and a mean dura-
tion of MS symptoms of 32.9 (±9.5) years. Although the 

communication in which the health-care provider lis-
tened attentively rather than “informing” or “telling” 
was believed to be critical in obtaining effective health 
care.

Healthy Lifestyle Habits. Many participants 
described deliberate strategies to maintain a healthy 
body, including low-fat diets, supplements, and physical 
activity practices.

Maintaining Independence at Home. Participants 
felt distressed when they had to rely on others to provide 
personal care. The ability to complete activities of daily 
living (eg, bathing, toileting) independently was a critical 
ingredient to perception of health and satisfaction with 
life.

Researchers observed that people who viewed their 
aging as successful also had some common characteristics 
or beliefs that appeared fundamental to achieving their 
goals of healthy aging. These included resilience, mental 
health, financial flexibility, and social support.

Resilience. Participants described instances that 
suggested they were able to adapt successfully to 
change. They overcame challenges or obstacles using 
strategies such as activity modification but rarely activ-
ity avoidance.

Mental Health. Absence of depression or cognitive 
impairment seemed important to the participant’s views 
on health and successful aging. People experiencing 
depression viewed their situation and their quality of life 
as poor whether they were physically disabled or not.

Financial Flexibility. Older people with MS who 
described themselves as financially challenged were more 
concerned with basic living needs such as housing, food, 
and transportation. Those who were more financially 
flexible focused more on health and social outlets that 
provided enjoyment.

Social Support. Those participants 
who seemed to be more successful 
in meeting their healthy aging goals 
described a strong social support net-
work.

Fall Circumstances Vary 
Depending on Disability

Based on c l in ica l  exper ience 
throughout the continuum of care and 
findings from qualitative research,54-56 
we know that fall circumstances change 
as one ages with MS and depend on 
mobility level55 (Figure 1). During 
interviews with older people with MS, 
participants did not identify themselves 

Figure 1. Reasons for falls in multiple sclerosis change 
over time



International Journal of MS Care
168

Ploughman et al.

vention intervention?” The key points that were raised 
during the discussion period were as follows:

• Any MS falls-prevention intervention will need to 
help people understand their bodies 
better and enhance their ability to 
use compensatory strategies.
• Falls-prevention interventions may 
need to look different for middle-
aged and older adults with MS com-
pared with younger groups.
• People with MS can attend clini-
cal services only for limited time 
periods, so falls-prevention interven-
tions that include peer mentoring or 
caregiver support are worth consider-
ing. Promoting long-term changes in 
behavior that facilitate a more active 
lifestyle is also an important factor.
• Finding ways to tailor an MS 
falls-prevention intervention will be 
important given people’s different 
symptoms, strengths (eg, resilience, 
mental health, social support), and 
barriers.
• Ensuring that the intervention has 
lasting effects will require careful 
consideration of a guiding theoretical 
framework.

researchers did not specifically ask par-
ticipants about falls, survey respondents 
were asked about the extent of their 
balance problems (29-item Multiple 
Sclerosis Impact Scale, Question 22),57 
their independence in activities of daily 
living (Barthel Index),58 and health-
related quality of life (visual analogue 
scale). Over 70% of the sample report-
ed moderate to extreme problems with 
balance (Figure 2). Severity of balance 
problems was inversely correlated with 
Barthel Index score (Pearson correlation 
−0.46, P < .0001; Figure 3) and with 
perceived health-related quality of life 
(using a 100-mm visual analogue scale; 
Pearson correlation −0.33, P < .0001; 
Figure 4).

Discussion
Upon the conclusion of the related 

knowledge presentations, the meet-
ing participants were asked to consider 
the following question: “What is the most important 
message from these presentations for our MS falls-pre-

Figure 2. Balance problems among older people with 
multiple sclerosis 
MSIS-29, 29-item Multiple Sclerosis Impact Scale.

Figure 3. Relationship between balance difficulties and 
degree of disability measured with the Barthel Index 
The reference line indicates the Barthel Index score cutoff; scores below 60 indicate 
severe dependence in activities of daily living. Note that participants with Barthel 
Index scores below 60 (indicating severe dependence) reported the full range of 
balance problem severity from “not at all” to “extremely.” MSIS-29, 29-item Mul-
tiple Sclerosis Impact Scale.
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PracticePoints
•	The central nervous system simultaneously inte-

grates visual, vestibular, and sensorimotor infor-
mation to precisely control balance. Age-related 
changes in these systems are associated with 
increased risk of falls.
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with higher levels of disability and poorer quality 
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CORRECTION From the Publisher:
The Publisher of IJMSC and the authors of “Natural History of Multiple Sclerosis Symptoms” (Ilya Kister, Tamar E. Bacon, Eric 
Chamot, et al., published in Volume 15, Number 3, pages 146–158) have come to learn of a fi led copyright of the MS Performance 
Scales. See Performance Scales, Copyright Registration Number/ Date: TXu000743629/ 1996-04-04; assigned to Delta Quest Foun-
dation, Inc., effective October 1, 2005. U.S. Copyright law governs terms of use. The Publisher and the authors erred in publishing 
Appendix 1 and in misstating the absence of a fi led copyright. Consequently, in the online edition of IJMSC at ijmsc.org, the originally 
published version of the article has been replaced with a revised version that does not include Appendix 1.

The International Journal of MS Care has received an Award of Excellence in the APEX 2013 
Awards for Publication Excellence competition, in the category “Magazines & Journals - Print, over 32 
pages.”

APEX is an annual international competition that recognizes outstanding publications of all types, 
from newsletters and magazines to annual reports, brochures, and websites. The awards are based on 
“excellence in graphic design, quality of editorial content, and the success of the entry in achieving 
overall communications effectiveness.”

The APEX competition is sponsored by Communications Concepts, Inc., a Virginia-based commu-
nications consulting company.  
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