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A highly challenging balance training i

intervention for people with multiple sclerosis:
a feasibility trial
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Abstract

Background Balance training interventions with a gradual progression of difficulty and highly challenging tasks
designed specifically for people with multiple sclerosis (MS) are rare. The objective was to adapt a balance training
intervention originally developed for Parkinson's disease through a co-design process and then conduct a pilot trial in
MS to evaluate the feasibility of a large, full-scale study.

Methods Twelve people with MS with mild to moderate overall MS-disability were included in this single-group
feasibility trial. Participants received one-hour training sessions twice or three times weekly for 10 weeks. The assess-
ment included tests of physical and cognitive functioning and patient-reported quality of life-related outcomes. Data
on feasibility aspects were collected at baseline and follow-up assessments and three times during the intervention
period to inform the recruitment process, as well as to monitor retention and inclusion rates, study procedures, inter-
vention delivery, and dynamic changes in the selected potential outcome measures. Progression criteria were used to
determine whether to proceed to a full-scale trial. Descriptive statistics were used to present the data.

Results Out of six progression criteria, only retention and attendance at training sessions were not met. Reasons
reported for not completing the intervention period mainly depended on external circumstances beyond the control
of the study. In contrast, study procedures, intervention delivery, and intervention content (progression, adjustment,
and control of challenge level of exercises) were considered feasible for a future, full-scale trial. The Mini-BESTest,
which was used for the assessment of balance control, was considered suitable as the primary outcome in a full-scale
trial with no ceiling or floor effects. Further, the Mini-BESTest showed a positive trend in outcome response with a
median difference of 3.5 points between baseline and follow-up assessments. The power calculation performed sug-
gests a feasible number of participants for recruitment.

Conclusions Overall trial aspects and intervention delivery were deemed feasible for a full-scale trial, but adjust-
ments are needed to increase retention and attendance.

Keywords Balance control, Balance training, Dual-task, Feasibility, Highly challenging, Intervention development,
Multiple sclerosis, Outcome response, Progression criteria, Stakeholder involvement
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Key messages regarding feasibility

o What were the uncertainties regarding feasibility? The
uncertainties regarding feasibility were the recruit-
ment process and rates of inclusion and retention;
the study procedures; the intervention delivery; and
the suitability of potential outcome measures.

o What are the key feasibility findings? The overall trial
design and delivery of the intervention proved to be
feasible. Four out of six progression criteria were met
and the Mini-BESTest was considered suitable as the
primary outcome.

o What are the implications of the feasibility findings
for the design of the main study? The findings indi-
cate that a full-scale trial is feasible; however, factors
related to retention—how to facilitate participants’
trial completion—and intervention delivery will be
considered prior to a full-scale trial.

Introduction

Multiple sclerosis (MS), a chronic inflammatory and
neurodegenerative disease of the central nervous system
mostly affecting women, is a leading cause of non-trau-
matic neurological disability among young and middle-
aged adults [1, 2]. People with MS (PwMS) may display
a wide range of symptoms including impairments in
muscle strength and coordination, vestibular function,
proprioception, vision, eye movement control, and cog-
nition, as well as impaired integration of these functions
[3]. Alone or in combination, these impairments often
limit balance control, mobility and ambulation [4-6],
even in the early stages of the disease [7].

Limited balance contributes to an increased fall risk,
often coupled with a fear of falling [8, 9], and most fre-
quently it occurs in people with mild to moderate MS
disability before walking aids become a necessity [10].
Limitations in mobility and ambulation restrict the
capacity for social participation and negatively impact
health-related quality of life [11, 12]. Balance control
requires the interaction between multiple underlying
physiological systems, including biomechanical con-
straints, movement strategies, sensory strategies, ori-
entation in space, control of dynamics, and cognitive
processing skills [13]. In order to counteract balance limi-
tation, interventions that aim to improve balance control
should therefore include exercises that challenge these
physiological systems. Intensity (i.e., level of challenge),
in balance training has been defined as “the degree of
challenge to the balance control system relative to the
capacity of the individual to maintain balance” [14]. Fur-
ther, to maximize the effectiveness of the training a high
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level of challenge should be maintained throughout an
intervention period [15]. A number of studies aiming
to improve balance in PwMS have been conducted, but
variability in intervention types, outcome measures, and
methodological limitations restrict the ability to draw
more definitive conclusions on effectiveness [16]. How-
ever, several balance interventions have shown promis-
ing results [17-19], although methods for monitoring the
level of challenge are rarely described in these studies.

A further limitation for understanding how a physical
exercise intervention impacts clinical or patient reported
outcomes is the lack of objective physiological bio-
markers, for example, immunological markers in blood,
although some progress has been made more recently
[20, 21]. These preliminary observations, however, need
to be replicated and extended in larger high-quality stud-
ies [22], and it remains to be shown if this also is relevant
in a balance training intervention with a high level of
challenge.

In sum, there is a paucity of balance training interven-
tions specifically adapted for PwMS that utilize a gradual
progression of difficulty and complexity in exercises and
with a continuously controlled high level of challenge in
exercises throughout the intervention period. Further-
more, since existing evidence is limited to the potential
positive effects on balance control and fall risk over the
short term, longer observation periods are needed to
explore the durability of treatment effects [16]. However,
prior to embarking on a resource intensive full-scale trial,
careful consideration of feasibility aspects and potential
outcomes is needed [23, 24]. Therefore, the objective of
this pilot trial was to evaluate the feasibility aspects of a
highly challenging balance intervention for PWMS.

Methods

Trial design

The present pilot study had a single-group feasibility trial
design [25].

Intervention development process

The intervention was based on a highly challenging bal-
ance intervention delivered as a group training (the
HiBalance program) in people with Parkinson’s disease,
described elsewhere [26]. In brief, the HiBalance program
consists of exercises that emphasize highly challenging
aspects of balance control including cognitive and motor
dual-tasks, which lead to significantly improved balance,
gait velocity, step length and dual-tasking ability among
people with Parkinson’s disease [27]. In order to adapt
the program to PwMS, we employed a co-design process
with a series of workshops (Fig. 1).



Wallin et al. Pilot and Feasibility Studies (2023) 9:41

Page 3 of 16

Development process of highly challenging balance training intervention for people with MS?

Preparation

Part 1

Theme: Balance challenges

* Body functions?

* Activities and circumstances?
* Management and strategies?

Interviews
Processing of qualitative
interviews to generate
content for workshop
themes

Literature review
Reviewing of literature
to incorporate co-design
methodology into the
workshop process and
strategy

Workshop no. 1
Participants:

* PwMSP (n=6)
¢ NEUROS (n=1)

Workshop no. 2
Participants:
* Physio? (n=6)

Co-design workshop series

Completion

Part 2 Adaptation

Theme: Balance intervention delivery e e e G|
When, where and how?

workshop series formed a
Management of challenging level and framework for adaptation
variation in daily capacity?

of the intervention
Motivation and sustainability? ;‘—/

Workshop no. 4 (The HiBalance program
Participants: for people with PD®

* PwMSP (n=3) was adapted to PwMS?
* NEURO® (n=1) according to the

* Physio® (n=3) \ adaptation framework

Workshop no. 3
Participants:

¢ PwMSP (n=3)
*  Physiod(n=3)

aMS = Multiple Sclerosis; PPwMS = People with Multiple Sclerosis; “NEURO = representative from the patient organization NEURO Sweden; Physio = physiotherapist;

¢PD = Parkinson’s disease.

Fig. 1 Overview of the co-design process for intervention development

The co-design process
The co-design process consisted of a workshop series
with the participation of different stakeholders. Eligible
participants with MS were PwMS aged 18 to 65 years,
with limited balance but who retained walking capacity
indoors without walking aids. Six PwMS participated in
the workshop series along with one representative from
the patient organization NEURO Sweden and six physi-
otherapists specialising in MS rehabilitation. At each
workshop, participants were selected to stimulate and
support participant cooperation and discussion.
Participants could choose to participate in workshops
face-to-face or via video-link. Four workshop sessions
were conducted (Fig. 1), each lasting approximately three
hours. The first two sessions (part 1) covered the theme
balance challenges; and the final two sessions (part 2)
covered the theme balance intervention delivery. Each
participant participated once in each part (see Fig. 1).
The results of the workshop series showed that among
the participants, impaired motor-sensory function, stim-
uli-rich environments, cognitive processing, and aware-
ness of capacity were factors that presented challenges
in maintaining balance (part 1). In terms of the balance

intervention delivery, participants reported control of
variability in daily capacity and level of challenge in the
intervention, as vital factors for the adequate individual
adaptation of the exercises (part 2). The outcomes of the
co-design process formed the framework for the adapta-
tion of the HiBalance intervention to PwMS.

The intervention—highly challenging balance training

for PWMS

The intervention delivered in the subsequent feasibil-
ity trial was an individually adjusted progressive group
training aimed to challenge the subsystems for balance
control, specifically stability limits, motor agility, antici-
patory postural adjustments, and sensory integration.
Over the intervention period, the level of difficulty and
complexity in the balance exercises were increased in
the consecutive blocks—A, B, and C (see Fig. 2). Block
A included basic single-task exercises based on the bal-
ance control components. For progression in block B, a
cognitive or a motor dual-task was added separately to
the basic exercises. In block C, exercises and dual-tasks
were combined for enhanced complexity. Exercises
were individually adjusted, for example, by altering and

Recruitment

Study period
Block A
Week
Baseline
Assessment assessment

Post Block A
assessment

Intervention Follow-up

Block B Block C

> 1) 223> 4 )5 )6 )7 )8 )9 »p10)p1l)i2)13) u

Follow-up
assessment

Post Block B Post Block C
assessment assessment

Fig. 2 Planned timeline for the feasibility trial of a highly challenging balance training intervention for people with multiple sclerosis
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changing base of support, gait speed, vision and/or add-
ing dual-tasks. A framework for how the exercises within
the above balance control components were designed is
available from the corresponding author (A.W.).

Participants in the feasibility trial volunteered to par-
ticipate in two or three weekly one-hour training sessions
for 10 weeks. A general plan for the training sessions was
set for the intervention period, with six to eight partici-
pants at each session. The details of the session content in
the blocks were planned by one physiotherapist, who was
present at each session. An additional four physiothera-
pists alternated as trainers. Of the five available trainers,
two were present at each session.

At the start of each training session, participants rated
their daily variation in capacity on a rating scale from 1
to 10, where 1 represented the worst imaginable capac-
ity and 10 represented the best imaginable capacity. The
session continued with a warm-up (= 10 min), balance
exercises performed individually (= 25 min), and a group
exercise with an obstacle course (= 20 min). At the end
of each session (=~ 5 min), each participant rated the level
of challenge of the training session on a rating scale. The
scale ranged from 1 to 6 (1 = too low; 2 = low; 3 = fairly
low; 4 = somewhat high; 5 = high; and 6 = too high).
Reflections and feedback on how the level of challenge
best could best be adjusted in the different exercises were
given.

Recruitment of participants and planned timeline

for the feasibility trial

Inclusion criteria for the feasibility trial were PwMS diag-
nosed according to the 2017 revised McDonald criteria
[28, 29], aged 18 to 65 years, and the ability to walk 100
m without aid. An additional inclusion criterion was
an overall MS-disability score of 2.0 to 5.5 according to
the Expanded Disability Status Scale (EDSS) [30], which
quantifies the individual’s overall disability through the
assessment of eight functional systems. Criteria for exclu-
sion were cognitive impairment as indicated by a score <
21 in the Montreal Cognitive Assessment (MoCA) [31],
presence of other conditions that would substantially
influence balance, an MS relapse or change of disease-
modifying treatment within the past 8 weeks, alcoholism,
or pregnancy.

Participants were recruited in August 2021 through an
advertisement at MS specialist and clinical rehabilitation
centers in Stockholm, Sweden, and through the patient
organization NEURO Sweden. Potential participants
were initially screened for eligibility by telephone before
assessment for inclusion.

All included participants signed an informed consent;
the study procedures were conducted in accordance with
the Declaration of Helsinki. The ethical review board in
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Stockholm approved the trial (Nos. 2018/374-31, 2019-
01562 and 2020-05952). The feasibility trial was con-
ducted according to the timeline in Fig. 2, with a 4-week
recruitment period, a 10-week intervention period, and a
2-week follow-up assessment period.

Data collection

Data collection was carried out during 2-week assess-
ment windows at baseline and at study completion. The
assessments were conducted at the movement laboratory
at Karolinska Institutet, Stockholm, Sweden, except for
blood sampling, which was conducted at another loca-
tion (the Academic Specialist Center, Stockholm Health
Services, Stockholm, Sweden). Demographic information
and information on fall frequency, use of mobility aids,
education, years since MS diagnosis, and disease course
were collected at baseline assessment through structured
interviews. Data collection on feasibility aspects was col-
lected throughout the study period, including structured
interviews with participants at three time points during
the intervention—post block A, post block B, and during
the follow-up period, post block C. The data collection
schedule for assessments of feasibility aspects and related
uncertainties, including potential outcome measures
tested for feasibility, is presented in Table 1.

Potential outcome measures

The Mini-Balance Evaluation Systems Test (the Mini-
BESTest) [32, 33], an assessment of underlying physiolog-
ical systems for balance control, was used as the potential
primary outcome measure in a full-scale trial. To meas-
ure walking the 10-Meter Walk Test [34] with dynamic
start and the 2-Minute Walk Test [35] were used. The
Six Spot Step Test [36, 37] was used to measure complex
walking. Spatial and temporal gait parameters and sway
measures were assessed with APDM’s Mobility Lab™
[38].

To measure aspects of cognitive function, the Trail
Making Test part B was used to assess cognitive flexibil-
ity by set-shifting [39], the Ray Auditory Verbal Learning
Test to assess verbal episodic memory [40], and the Sym-
bol Digit Modalities Test to assess cognitive processing
speed [41, 42].

The 12-item Multiple Sclerosis Walking Scale [43] was
used to assess the individual’s perceived impact of MS on
walking ability, and the Falls Efficacy Scale International
[44, 45] was used to assess the individual’s concerns
about falling.

Further outcome measures used were: Frenchay
Activities Index [46] for the frequency of social/lifestyle
activities; Multiple Sclerosis Impact Scale-29 [47] for
the physical and psychological impact of MS; Modified
Fatigue Impact Scale [48, 49] for the impact of fatigue;
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Table 1 Data collection schedule on feasibility aspects and related uncertainties

Feasibility aspect Assessments
Baseline Post block Follow-up
A B C
Recruitment process and rates on inclusion and retention
Eligibility screening process (PC1)* and inclusion rate (PC2)* X
Retention rate (PC3)* X X X X
Study procedures
Information and communication accuracy X
Inclusion and exclusion assessment X
Assessment on demography and clinical characteristics
Acceptability of time required for assessment procedures X X
Blood-sampling procedures
Attitude towards long-term follow-up assessments
Intervention delivery
Training session time of day and weekly frequency
Duration of training session X
Individual adjustment of:
Exercises related to intervention progression X X X
Level of challenge across the progression blocks X X X
Exercises related to disability level and variation in daily capacity X X X
Monitoring of level of challenge X X X
Group training despite divergence in level of overall MS disability X
Individual balance exercises X
Safety in training X
Home exercise program as substitute for group training session X
Individual effort required for participation X
Motivation in training X
Attendance at training sessions (PC4)* X
Perceived intervention effect on balance control X
Willingness to recommend the training (PC5)* X
Potential outcome measures
Primary outcome:
Primary outcome suitability of the Mini-BESTest® (PC6)* X X
Secondary outcomes:
10-Meter Walk Test® X X
2-Minute Walk Test® X X
APDMP Gait analysis (spatial and temporal gait parameters) X X
APDMP Sway test X X
Six Spot Step Test® X X
Multiple Sclerosis Walking Scale® X X
Falls Efficacy Scale International® X X
Frenchay Activities Index X X
Multiple Sclerosis Impact Scale-29° X X
Modified Fatigue Impact Scale® X X
Hospital Anxiety and Depression Scale X X
EuroQol-5D (Index and Visual Analog Scale) X X
Life Satisfaction Scale X X
Acceptance of Chronic Health Condition Scale X X
Trail Making Test® X X
Ray Auditory Verbal Learning Test X X
Symbol Digit Modalities Test® X X
Immunological markers in blood X X

@ PC1 to PC6 progression criteria no. 1 to no. 6, see under heading "Progression criteria” in text
 APDM APDM’s Mobility Lab™ a body-worn sensor technology for assessment of balance and gait
“Trend in outcome response is reported in Results, Table 5
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Hospital Anxiety and Depression Scale [50, 51] for symp-
toms of depression and anxiety; EuroQol-5D (Index and
Visual Analog Scale) [52] for health status; the Life Satis-
faction checklist [53] for life satisfaction; and Acceptance
of Chronic Health Conditions Scale [54—56] for accept-
ance of MS.

Feasibility in the blood sampling procedure was
assessed. Blood-samples were collected in standard
EDTA tubes for the level assessment of, for example,
inflammatory markers in plasma. Blood samples were
centrifuged (1500 G; 15 min) immediately after collec-
tion; the plasma was then separated, aliquoted and stored
at — 80 °C until further analyses.

Progression criteria

Six quantitative progression criteria (PC), were pre-
defined to determine whether to proceed to a full-scale
trial:

+ PC1 > 75% of interested PwMS were found eligible
in the screening process

+ PC2 > 80% of eligible PWMS assessed for inclusion
were included

+ PC3 > 80% of included participants were retained at
follow-up

+ PC4 > 80% attendance at training sessions among
included participants

+ PC5 > 80% of included participants would recom-
mend the intervention to others

+ PC6 < 15% floor and ceiling effects in the Mini-
BESTest

Sample size and analytical methods

The sample size in the feasibility trial was set at 12 par-
ticipants, divided into two training groups, in order to
ensure safe balance training with high quality (progres-
sive and individually adjusted) led by two trainers at
each training session. Uncertainties regarding the rel-
evant feasibility aspects were summarized and evaluated.
Median, minimum, and maximum values; frequency; and
percent were used to present quantitative data. Changes
from baseline to follow-up were reported descriptively
as trend directions in the outcome response. Change
was analysed by calculating change in variables (follow-
up value minus baseline-value) and expressed as median
difference. Attendance at training sessions was calcu-
lated as the number of sessions attended divided by the
number of sessions participants planned to attend. It
was reported as a median value (1) for the whole sample
and (2) for the participants that completed the follow-up
assessment. IBM SPSS Statistics version 28 was used for
statistical analysis.
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A sample size calculation for a full-scale trial was per-
formed, based on the difference between the interven-
tion group and the control group for the Mini-BESTest.
The difference (delta), was expected to be 3.3 points,
based on the result from a similar study of balance train-
ing using the same outcome measure [17]. A two-sided ¢
test was used with the level of significance set at .05, with
80% power, and with an assumption of a dropout of 20%.
The calculations were performed using Stata version 15
(StataCorp, College Station, TX, USA).

Results

Recruitment process and rates of inclusion and retention
Participant flow from recruitment to follow-up assess-
ment is presented in Fig. 3. Nineteen PwWMS expressed
interest in participation in the intervention. Of those, 15
PwMS (79%) were eligible, which met the requirement
for PC1 (Table 2). The first twelve eligible PwMS who
underwent inclusion assessments were included (100%),
which met the requirement for PC2 (Table 2). Three eligi-
ble PwMS were not assessed for inclusion since the sam-
ple size was set at 12 participants. The demographics of
the 12 included participants are presented in Table 3.

The completion of the intervention and the follow-
up assessment were accomplished in eight participants,
which resulted in a 67% retention rate, thereby failing to
meet the PC3 criterion (Table 2). Three participants dis-
continued the intervention due to: trauma caused by an
accident the day before intervention start (#n = 1); mal-
functioning transportation service (n = 1); and lack of
time (n = 1). Furthermore, one participant could not be
assessed within the 2-week follow-up window post-inter-
vention due to illness.

Study procedures

Post-intervention, participants reported that the pre-
paratory information about the trial distributed during
recruitment was consistent with their experiences of the
intervention and study procedures (Table 4). Inclusion
and exclusion assessments were considered feasible, as
were the time required at baseline and follow-up assess-
ments, and the blood-sampling carried out at a differ-
ent location. Baseline and follow-up assessments lasted
between 110 and 160 min, and 60 and 100 min, respec-
tively (time for blood-sampling not included). Further-
more, the participants’ attitudes towards participation
in long-term follow-up assessments in a future trial were
positive (Table 4).

Intervention delivery

Time of day, frequency, and duration of training session
Participants reported that due to the opportunity to
choose from various session times from several time slots
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[ Recruitment ] Study information spread through
MS specialist and clinical rehabilitation
centers in Stockholm, Sweden, and through
the patient organization NEURO Sweden
[ Screening ] | Assessed for eligibility (n=19)
Ineligible (n=4)

« Dependent on walking aid indoors (n=2) f«—
« Due to work situation (n=2)

[ Enrolment ] |

Eligible for inclusion (n=15)

Not included (n=3)
+ Due to limitation in number of [+
participants (n=3)

[ Baseline assessment ]

sampling (n=12)

Included and completed baseline assessment on
primary and secondary outcomes, and blood

Feasibility follow-up

Lost to follow-up (n=1)

Discontinued intervention (n=3)

« Accident day before intervention start (n=1)

« Planned transport to training did not work out (n=1)
+ Not time to complete training period (n=1)

« Accident day before
intervention start (n=1)

Post block A

feasibility follow-up (n=11)

Lost to follow-up (n=2)
+ Planned transport to training

Completed intervention period (n=9)

did not work out (n=1)

» Missing in assessment* (n=1)

Lost to follow-up (n=1) | _| Post block B
« Duetoillness (n=1) feasibility follow-up (n=9)
!
[ Follow-up ] Completed follow-up on primary and secondary Post block C
outcomes, and blood sampling (n=8) Qsibi"tv follow-up (n=10)
| ;
[ Assessment ] Study sample (n=12) Study sample (n=12)

* Baseline (n=12)
* Follow-up (n=8)

Proposed primary and secondary
outcomes, and blood sampling :

Feasibility assessment (n=11)
* Post Block A (n=11)

* Post Block B (n=9)

* Post Block C (n=10)

*Not a drop-out, only missing in feasibility assessment.
Fig. 3 Consort flow diagram of participants

every week, which participants were able to book them-
selves, the intervention was feasible (Table 4). Also, the
duration of the sessions (1 h) was feasible for most par-
ticipants. A few participants reported that they had the
capacity to participate in even longer sessions, but that
the time spent on transport to and from the training
facility needed to be considered (Table 4).

Exercise progression and level of challenge adjustment

Participants reported that the exercise progression
and level of challenge related to the individual adjust-
ment of exercises across the three progression blocks
was feasible (Table 4). The blocks (A, B, and C) created

new challenges and stimulated progression. Initially,
the participants expressed a need for more guidance on
how exercises could be adapted, but they gradually grew
more autonomous in making these adjustments. The
participants experienced that the intervention increased
awareness and knowledge of their own abilities. Some
participants required guidance from the trainers to cali-
brate the exercise complexity and to prompt them to
take time for recovery when needed. The trainers also
reported that the adjustment of the progression of diffi-
culty and level of challenge for the different participants
was feasible (Table 4). Furthermore, individual adjust-
ments were made with consideration for daily variation
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Table 2 Summary of results of progression criteria feasibility assessment
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Progression criteria (PC)

Result

Criteria met or not

Course of action

PC1. Screening process for assessment of eligibility.

PC2. Feasibility to include participants to the trial.

PC3. Feasibility to include enough participants to
the trial, with appropriate retention to follow-up.

PC4. Attendance at training sessions.

PC5. Willingness to recommend the intervention
to others.

PCé. Suitability of the Mini-BESTest as the primary
outcome for the targeted patient group.

made on 19 PwMS.

made on 12 PwMS.

on 10 PwMS.

79% (n = 15) of interested PwMS were considered ~ Met Proceed

eligible after the screening process. Calculations

100% (n = 12) of eligible PwMS who underwent Met Proceed

inclusion assessments were included. Calculations

67% (n = 8) of included participants were retained ~ Not met Considerations will

at follow-up. Calculations made on 12 PwMS. be made whether
it will be feasible to
proceed.

70% median attendance at training sessions Not met Changes in the inter-

during the intervention period. Calculations made vention set-up will be

on 12 PwMS, of which 9 planned to participate in considered.

2 and 3 to participate in 3 sessions per week. 89%

median attendance at training sessions during the

intervention period. Calculations made on 8 PwMS,

of which 6 planned to participate in 2 and 2 to partici-

pate in 3 sessions per week.?

100% (n = 10) of participants reported willingness ~ Met Proceed

to recommend the intervention. Calculations made

8% (n = 1) of the included participants achieved Met Proceed

the highest score and 0% (n = 0) the lowest score
in the Mini-BESTest. Calculations made on 12 PwMS.

@ Presentation of median attendance among 8 participants who completed the intervention and the follow-up assessment

in capacity through both increased and decreased level of
difficulty, which was considered feasible by both partici-
pants and trainers (Table 4). Initially, some participants
reported that the level of challenge in the exercises was
somewhat low in relation to their own individual disabil-
ity level, but the level of challenge was then adjusted to
an appropriate level (Table 4).

Monitoring the level of challenge

The rating scale for level of challenge in the balance
training intervention was reported to be easy to under-
stand and use and deemed relevant by both participants
and trainers (Table 4). The rating of specific exercises
performed during a session was also perceived to be
easy, but rating the level of challenge for an entire train-
ing session was reported to be more difficult, since the
level of challenge in various exercises could vary sig-
nificantly, which also was confirmed by the trainers
(Table 4).

Group training, individual exercises, and safety in training

Overall MS-disability differed among the participants,
which was perceived in the group training as a source
of inspiration rather than a disadvantage (Table 4).
Inter-individual differences contributed to the partici-
pants’ reflection and new perspectives on their own
balance. However, the part of the session part where

exercises were performed individually was considered
relevant and useful, as a greater focus was given to the
adjustment of the level of challenge in relation to inter-
individual differences. Furthermore, the interven-
tion was perceived as safe by the participants. Three
fall incidents occurred across three participants, none
resulting in injury (Table 4). However, participants
considered the fall risk to be an inevitable compo-
nent of a highly challenging balance training program
(Table 4).

Attitudes towards using a specified home exercise program
The intervention was delivered as a guided group train-
ing. Post-intervention, the participants were asked about
their attitudes towards carrying out the training indi-
vidually at home (Table 4). Participants responded that a
home exercise program could serve as a complement to,
but not a substitute for, the group training. The partici-
pants described the supervised group training as a neces-
sity for attaining and maintaining a high level of challenge
in the exercises, and this was not perceived to be possible
exclusively in a home-setting (Table 4).

Individual effort required for participation and motivation

Even though most participants needed to rearrange
work and family activities to fit the intervention into
their weekly schedule, participation in the intervention
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Table 3 Demographic characteristics

Characteristics People with MS? (n = 12)

Sex, no. (%)

Women 9 (75)

Men 3(25)
Age, years, median (min-max) 54 (37-63)
Education, years, median (min- 15(10-17)

max)

Body mass index, kg/mz, median 23.8(18.9-33.5)

(min-max)
Have fallen last 6 months, no. (%)

No 8(66.7)

Yes 4(33.3)
Use of walking aid, no. (%)

No 6 (50)

Yes, outdoors? 6 (50)
Cognitive function, MoCAS, 26 (23-29)

median (min-max)
Mild cognitive impairment according to MoCAS (< 26), no. (%)

No 7(583)

Yes 541.7)
Overall MS disability, EDSSY, 3.5(2.5-5.5)
median (min-max)

Mild impairment in > two 12 (100)
functional systems€, no. (%)

Moderate impairment in > two 6 (50)
functional systems€, no. (%)
Disease course, no (%)

Relapsing remitting 9(75)

Progressive 3(25)
Years since diagnosis, median 10 (2-24)

(min-max)

@ MS multiple sclerosis

bType of walking aid: unilateral (n = 4), bilateral (n = 2)
€ MoCA Montreal Cognitive Assessment

4 EDSS Expanded Disability Status Scale

€ A total of eight functional systems are assessed in the EDSS: pyramidal,
cerebellar, brainstem, cerebral, and visual functions, and further, bowel and
bladder function, and ambulation

was perceived as worth the effort (Table 4). Addition-
ally, participants reported feeling motivated to par-
ticipate in the intervention and that it contributed to
improved awareness and knowledge of their own bal-
ance control (Table 4).

Attendance at training sessions

The median attendance at the sessions for the whole
sample (i.e., all participants who planned to partici-
pate in either two or three training sessions per week)
was 70% (PC4 not met, Table 2). However, the median
attendance for the eight participants that completed
the follow-up assessment was 89% (Table 2).
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Perceived effect and willingness to recommend training

The majority of participants reported increased safety
and improved balance control post-intervention. One
participant described the effect as an experience of
maintained balance control, despite the feeling that the
level of disability continued to increase (Table 4). Addi-
tionally, all ten participants (100%) who participated
in the post block C assessment of feasibility aspects
reported a willingness to recommend the intervention to
others for a future trial, which met the requirement for
PC5 (Table 2).

Outcome measures

Primary outcome

The Mini-BESTest was suitable for the assessment of bal-
ance control in all participants. No floor or ceiling effect
was found (ceiling effect 8%), which met the require-
ment for PC6 (Table 2). Furthermore, there was a positive
effect trend gauged by the Mini-BESTest with a median
difference between baseline and follow-up assessments of
3.5 points (see Table 5 and Fig. 4).

Secondary outcomes

All secondary outcome measures, including the blood
sampling procedure performed at another location,
could be accomplished by all participants attending
at baseline and follow-up assessments. The 10-Meter
Walk Test showed a positive trend, with an increase
in maximum gait speed, indicating walking improve-
ment (Table 5). On the other hand, there was a slightly
negative trend for the same test with self-selected gait
speed. A similar negative trend was seen in the 2-Min-
ute Walk Test, with a shorter distance covered at the
follow-up assessment. The trend for the Six Spot Step
Test was positive, indicating improvement in complex
walking. The Multiple Sclerosis Walking Scale indi-
cated improvement in the way participants perceived
the impact of MS on their walking ability. However, the
Falls Efficacy Scale International I showed a trend indi-
cating increased concerns about falling (Table 5).

Sample size in at future full-scale trial

The sample size calculation, with the level of significance
set at .05, with 80% power and with an assumption of
a dropout of 20%, suggested to recruit 70 PwMS (35 in
each group).

Discussion

In this pilot study of a highly challenging balance inter-
vention adapted for PwWMS, we found that most feasibility
aspects of the study procedures and intervention delivery
were feasible, although some further adaptations should
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Table 4 Results on feasibility aspects and related uncertainties
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Feasibility aspect

Summary of responses

Consideration

Study procedures

Accuracy of information and communication about
intervention and study procedures

Inclusion and exclusion assessment

Assessment of demographic and clinical characteristics
Acceptability of time required for assessment procedures
Blood-sampling procedure

Attitude towards long-term follow-up assessments

Intervention delivery
Training session time of day and weekly frequency

Duration of training session
Individual adjustment of exercises related to intervention

progression

Individual adjustment of challenge level across the
progression blocks

Individual adjustment of exercises related to disability
level and variation in daily capacity

Monitoring of level of challenge

Group training despite divergence in level of overall MS
disability

Individual balance exercises

Safety in training

All participants reported that information and communica-
tion corresponded with their experiences of the interven-
tion and study procedures or that they had been pleasantly
surprised about the difficulty and challenge level of the
exercises in the intervention.

The inclusion assessment with the Expanded Disability Sta-
tus Scale and the exclusion assessment with the Montreal
Cognitive Assessment were considered feasible.

Baseline data collection through semi-structured interview
was considered feasible.

Time required for the baseline and follow-up assessments at
Karolinska Institutet were considered acceptable.

Sampling of blood was feasible.

All participants reported that they are likely to participate in
long-term follow-up measurements up to 6 months post-
intervention.

Several training sessions available, enabling the participants
to choose session time and weekly frequency themselves,
contributed to feasibility.

Training sessions of 60 min were feasible for most partici-
pants since the time spent on transport also needed to be
considered. A few expressed a wish for longer sessions.

Initially, more careful guidance on how exercises could be
adapted was required but participants gradually became
more confident in adjusting the exercises themselves.

The progression blocks were considered supportive to
stimulate progression and create new challenges. The
participants could gradually, through increased awareness
and knowledge of their own ability, adjust progression and
challenge level themselves. Guidance by the trainers was
required to calibrate the exercise complexity and to suggest
rest when needed.

Initially, some participants reported the exercise challenge
level to be somewhat low in relation to their own disability
level, but the appropriate challenge level could subse-
quently be implemented. Individual adjustments related to
variation in daily capacity were considered throughout the
intervention period, which made exercises easier or more
difficult, i.e, the challenge level was altered.

The rating scale for assessment of challenge level in the
balance training was reported to be comprehensible and
easy-to-use. It was perceived easier to rate specific exercises
than to make an overall assessment of the challenge level
for an entire balance training session.

Variations in overall MS disability between participants was
perceived as a source of inspiration rather than a disadvan-
tage as it contributed to reflection and new perspectives.

The individual balance exercises were considered relevant
and useful where individual adjustment of challenge level
specifically related to individual disabilities could be in
focus.

The intervention was perceived to be safe. Falling was
considered a part of the risk when participating in a highly
challenging balance intervention.

Feasible

Feasible

Feasible

Feasible

Feasible
Feasible

Feasible

Feasible

Feasible

Feasible

Feasible

Feasible

Feasible

Feasible

Feasible




Wallin et al. Pilot and Feasibility Studies (2023) 9:41

Table 4 (continued)
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Feasibility aspect

Summary of responses Consideration

Home exercise program as substitute for group training
session

Individual effort required for participation

Motivation in training

Perceived intervention effect on balance control

Potential outcome measures
Assessment of primary and secondary outcomes

Training at home was considered a possible supplement,
but could not replace guided group training sessions; the
high intensity and challenge level carried out during train-
ing sessions could not be reached at home, and exercise
equipment was not available.

Feasible but not requested

A majority of the participants stated a need to refrain from  Feasible
other activities (e.g., rearrangement of work and family
activities) in order to be able to prioritize the intervention,

since their regular schedule was full.

All participants reported feeling motivated to participate in ~ Feasible
the intervention. Factors contributing to motivation were

the increased awareness and knowledge of their own bal-

ance capacity, which was accomplished through feedback

given by the trainers and peer participants.

Perceived effects of the intervention were increased safety ~ Feasible
and improved balance control or maintained balance

control if an ongoing deterioration in physical status was

present. Examples of enhanced confidence were climbing

stairs without a handrail or walking on slippery or uneven

surfaces.

Mini-BESTest®
10-meter walk test®

Feasible

2-minute walk test?

APDMP Gait analysis (spatial and temporal gait parameters)
APDMP Sway test

Six Spot Step Test®

Multiple Sclerosis Walking Scale®

Falls Efficacy Scale International®

Frenchay Activities Index

Multiple Sclerosis Impact Scale-29°

Modified Fatigue Impact Scale®

Hospital Anxiety and Depression Scale
EuroQol 5D (Index and Visual Analog Scale?)
Life Satisfaction Scale

Acceptance of Chronic Health Condition Scale
Trail Making Test?

Ray Auditory Verbal Learning Test®

Symbol Digit Modalities Test®

Immunological markers in blood

2Trend in outcome response presented in Table 5
b APDM APDM'’s Mobility Lab

™

a body-worn sensor technology for assessment of balance and gait

be considered to improve retention and training session
attendance before embarking on a full-scale trial.

The representation of selected stakeholders in the co-
design process promoted anchoring and acceptance
among both providers and receivers of the intervention.
Through the co-design process awareness and control of
variability in capacity emerged as important factors for
the adaptation of the HiBalance program to PwMS. Fur-
thermore, continuously monitoring the level of challenge

in the exercises also emerged as an important aspect, a
finding in line with recent suggestions for maximization
of the effectiveness of balance interventions [15]. These
factors were therefore integrated into the intervention,
emphasizing that the developed intervention is designed
to meet the specific needs of PwMS.

Although the program was generally deemed feasible,
two of six quantitative pre-defined PC for the feasibil-
ity assessment were not met. Both criteria, retention, and
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Table 5 Trend in outcome response on balance and walking

Outcome measure Median difference (minimum to maximum) between Direction?®

baseline and follow-up

Mini-BESTest 35(—1t07) +
10-Meter Walk Test, maximum gait speed (m/s)® 0.04 (— 0.04 t0 0.25) +
10-Meter Walk Test, self-selected gait speed (m/s)° —0.04(=0.17t00.23) —
2-minute walk test, self-selected gait speed (m)° —102(—1441t084) —

Six Spot Step Test (s) —17(=35t03.5) +

Multiple Sclerosis Walking Scale-12 (Total score) —55(—=16to1) +

Falls Efficacy Scale-International (Total score) 15(—=8to7) —

2 Direction indicates whether trend in change from baseline to follow-up assessment was positive (+), negative (—), or unchanged (0)

b positive values indicate trend to improve; “Negative values indicate trend to improve

Mini-BESTest

28

26

24

22

20

Total score

18

16

14

12

10

Baseline Follow-up

Fig.4 Trend in outcome response of the Mini-BESTest. Absolute
values of the Mini-BESTest total score at baseline and follow-up
assessment are presented with grey lines for individual participants
and the group median values with a black line

attendance at training sessions, were related to the degree
of trial participation. Four participants did not complete
either the intervention or both the intervention and the
follow-up assessment which contributed to the low reten-
tion rate. External circumstances beyond the control of the
study caused three of the dropouts, and even though some
reasons for dropout were pandemic related, certain actions
need to be considered when recruiting for a full-scale trial
to prevent dropout. The fourth dropout was related to
practical circumstances, where a shorter commute time to
the training facility or a shorter intervention period could
have facilitated completion. Regarding attendance, the
criterion was not met for the whole sample but was met
for those who completed the follow-up assessment. This
implies that low retention negatively impacted the level of
attendance at training sessions for the whole sample.

Most participants did not perceive participation in
the intervention as particularly burdensome. During
the training sessions, participants were able to adjust
according to their daily capacity; on the other hand, par-
ticipants reported that it was stimulating to try to reach
a high level of challenge in the different exercises. The
time required for baseline and follow-up assessments
was considered acceptable. However, individual adjust-
ments in assessment procedures were needed, such as
short breaks between different tests, since participants
had a varied level of capacity to perform the physical
tests and other demanding parts of the intervention.
Some participants perceived the physical assessments
to be more energy intensive than others, while some
reported that the more mentally demanding parts of the
assessments were more exhaustive. The blood sampling
procedure, which were carried out at another location,
were considered feasible.

Assessments for inclusion or exclusion were primar-
ily found to be feasible. Some difficulty occurred if the
overall MS-disability level was low. In the lower range
of the EDSS, the functional impairments are minimal or
small, making the assessment more difficult. However, all
12 participants included were mildly impaired in at least
two functional systems, and 6 of the 12 participants were
moderately impaired in at least two functional systems
(Table 3). The presence of impairments in several func-
tional systems, which was also observed in people with
a low EDSS score, reveals the complexity of cases where
interacting impairments contribute to limited balance
control in PwMS. To specifically target PwMS with bal-
ance limitations in a future full-scale trial, a measurement
of balance control should be added to define balance lim-
itations at inclusion, for example the Mini-BESTest, with
an upper limit set for inclusion. Similar cut-off scores on
outcomes have been set in other balance interventions in
order to ensure higher precision in the criteria for reach-
ing the targeted patient group [17, 57].
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The flexibility in choosing and booking weekly sessions
facilitated attendance, but is also more demanding from
an organizational perspective. It remains to be shown
how frequency and the overall length of the interven-
tion may impact the feasibility of participation as well as
the probability of attaining beneficial treatment effects.
However, we deem it likely that this type of intervention
should be delivered twice weekly for 10 weeks to be effec-
tive, based on the median attendance of 89% at training
sessions during the intervention period among the eight
participants who completed the follow-up assessment.

In the opinion of the participants, a home exercise
program is not a suitable substitute for the supervised
group sessions, since it is much less likely that they would
attain the necessary level of difficulty in the exercises at
home. However, home training could be a complement
to supervised sessions, including core stability and fitness
exercises, which are exercises that have previously been
shown to positively impact balance control [18].

The participants reported that the intervention was
safe, motivating, and contributed to an awareness and
knowledge of their own balance control. After the
intervention, they also reported increased safety and
improved or maintained balance control in their eve-
ryday lives, which is in line with the trend found in fol-
low-up assessment with the Mini-BESTest. Further, they
reported that they would recommend the intervention
to peers. Taken together, these findings lead to a positive
initial assessment of the intervention and suggest that it
should be tested in a full-scale trial.

Gunn et al. (2015) [16] concluded that supporting
participants to reach an appropriate intensity in highly
challenging balance exercises is critical to maximise
intervention effectiveness. Methods aiming to control the
level of challenge in balance exercises have been inves-
tigated in recent studies [17, 58]. However, the meth-
ods reported differ widely, from an overall ambition to
increase the challenge level [58] to detailed instructions
to the therapist on how to actively aim for a certain dif-
ficulty level [17]. Thus, as part of the development of
the intervention in this study, we also developed a rat-
ing scale for the assessment of level of challenge in the
training, in which the participant was encouraged to aim
for a fairly low to somewhat high level of challenge. The
participants perceived the rating scale as easy to under-
stand and use for individual exercises, but found it more
difficult to use when grading a whole session, which may
need to be considered when designing future trials. Fur-
ther, a validity and reliability evaluation of the scale is
needed in future studies.

The built-in gradual exercise progression delivered in
blocks, was considered an effective way to stimulate pro-
gression and to create new challenges throughout the
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intervention period. Initially, coaching was needed in the
exercises, but participants gradually became more con-
fident in adjusting the level of challenge in the exercises
themselves. We consider this aspect important for the
participants’ experience that in addition to improved bal-
ance control, the intervention increased safety and self-
confidence when moving around.

The Mini-BESTest was both feasible and suitable as the
primary outcome for the targeted patient group. A posi-
tive trend in effect was seen as well as a median change
after the intervention period, which was close to the min-
imal detectable change for the target group (i.e., 4 points)
[33]. Furthermore, the results on maximum gait speed
(10-Meter Walk Test), complex walking (Six Spot Step
Test), and self-perceived impact of MS on walking ability
(Multiple Sclerosis Walking Scale) pointed in the same
direction. These results also aligned with the participants’
own perception of the intervention effect. In contrast, a
negative trend was evident for self-selected gait speed. It
can be speculated that this finding may depends on the
increased awareness among participants of their balance
limitations, but this may also depend on the fact that
tests of walking performed with a lower gait speed tend
to have greater variance, resulting in larger measurement
error [59]. It would be of interest in a future full-scale
trial to analyse the intervention effect on other qualita-
tive aspects of walking apart from gait speed and distance
covered, for example, stride length and step time. In
addition, a test that evaluates dual-task capability related
to balance control and gait should be included in a full-
scale trial in the test procedure.

At baseline and follow-up assessments in the present
trial, questionnaires were used to assess different aspects
of health, disease impact, and capacity to be active. Due
to the scope and duration of the trial, these outcome
measures could not be reliably interpreted here, but it
would be of interest for a future full-scale trial to see if
there is an impact on quality of life measures at longer
follow-up.

The sample size calculation suggested to recruit 70
PwMS (35 in each group). This sample size is consid-
ered a feasible number of participants to recruit and in
line with similar interventions conducted within PwMS
[17, 18].

Strengths and limitations

A major strength of this feasibility trial was that a previ-
ously designed highly challenging balance intervention
was, with stakeholder involvement, reused and devel-
oped to be applied to PwMS. Further, among a range of
feasibility aspects most progression criteria for embark-
ing on a full-scale trial were fulfilled. An additional
strength is that the trial was conducted under similar
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conditions as a full-scale trial. In contrast, the main limi-
tations comprise were the small sample size, as well as
the lack of a randomization procedure, blinding, and a
control group.

Conclusions

In this pilot study, we evaluated a number of feasibility
aspects important for a full-scale study, of which most
feasibility aspects were met. However, adaptations to
improve retention should be considered by taking drop-
outs into account when recruiting. The power calculation
performed suggests a feasible number of participants
to recruit. The result has relevance and applicability for
a future full-scale trial of the highly challenging balance
intervention specific to PwMS.

Registration
Feasibility trial not registered.

Protocol
No protocol published.

Abbreviations
MS Multiple sclerosis

PWMS People with multiple sclerosis
EDSS Expanded Disability Status Scale
MoCA Montreal Cognitive Assessment

pC Progression criteria
Mini-BESTest ~ Mini-Balance Evaluation Systems Test

Acknowledgements

The authors wish to express their deepest gratitude to all participants in both
the intervention development and feasibility trial of the intervention. Fur-
thermore, the authors also wish to thank the trainers in the intervention and
the staff at Karolinska University Hospital in Huddinge, as well as staff at the
Academic Specialist Center, Stockholm Health Services, Stockholm, Sweden.
Finally, the authors also wish to thank uMOVE, the core facility for human
movement science at Karolinska Institutet.

Authors’ contributions

All authors contributed to the overall trial design. AW, EF, and SJ contributed
to conceptualization and protocol for the trial. AW and SJ carried out the
development and implementation of the intervention. AW and SJ conducted
the data collection and analysis. AW, EF, and SJ contributed to the drafting of
the manuscript. All authors contributed to commenting, editing, and approval
of the final manuscript.

Funding

Open access funding provided by Karolinska Institute. This trial was supported
by grants from: Karolinska Institutet, the Doctoral School in Health Care Sci-
ences; the NEURO Sweden; the Promobilia Foundation; the Region Stockholm,
the Center for Innovative Medicine (CIMED, SLL20190446); the Region Stock-
holm (ALF, SLL20180182); Karolinska Institutet, the Strategic Research Area in
Health Care Science; and the Swedish Research Council.

Availability of data and materials

With respect to Swedish and EU personal data legislation (GDPR), the data are
not freely accessible due to regulations regarding personal privacy in research
and public access. The data are available from the principal investigator of the
project: Sverker Johansson (sverkerjohansson@ki.se), on a reasonable request.
Any sharing of data will be regulated via a data transfer and user agreement
with the recipient.

Page 14 of 16

Declarations

Ethics approval and consent to participate

All participants signed informed consent and procedures were conducted in
accordance with the Declaration of Helsinki. The ethical review board in Stock-
holm approved the trial, Nos. 2018/374-31, 2019-01562 and 2020-05952.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"Department of Neurobiology, Care Sciences and Society, Division of Physi-
otherapy, Karolinska Institutet, Huddinge, Sweden. 2Rehab Station Stockholm,
Research and Development Unit, Solna, Sweden. 3Women's Health and Allied
Health Professionals Theme, Medical Unit Occupational Therapy and Physi-
otherapy, Karolinska University Hospital, Stockholm, Sweden. 4Stockholm
Sjukhem Foundation, R&D Unit, Stockholm, Sweden. °Department of Neu-
robiology, Care Sciences and Society, Division of Clinical Geriatrics, Karo-
linska Institutet, Stockholm, Sweden. *Women’s Health and Allied Health
Professionals Theme, Medical Unit Medical Psychology, Karolinska University
Hospital, Stockholm, Sweden. ’Department of Clinical Neuroscience, Center
for Molecular Medicine, Karolinska Institutet, Stockholm, Sweden. 8Departf
ment of Neurology, Karolinska University Hospital and Neuroimmunology
Unit, Stockholm, Sweden.

Received: 29 April 2022 Accepted: 18 February 2023
Published online: 15 March 2023

References

1. Filippi M, Bar-Or A, Piehl F, Preziosa P, Solari A, Vukusic S, et al. Multiple
sclerosis. Nat Rev Dis Prim. 2018;4(1):43.

2. Koch-Henriksen N, Sgrensen PS. The changing demographic pattern of
multiple sclerosis epidemiology. Lancet Neurol. 2010;9(5):520-32.

3. Cameron MH, Nilsagard Y. Balance, gait, and falls in multiple sclerosis.
Handb Clin Neurol. 2018;159:237-50.

4. Comber L, Sosnoff JJ, Galvin R, Coote S. Postural control deficits in people
with multiple sclerosis: a systematic review and meta-analysis. Gait
Posture. 2018;61:445-52.

5. Langeskov-Christensen D, Feys P, Baert |, Riemenschneider M, Stenager
E, Dalgas U. Performed and perceived walking ability in relation to the
expanded disability status scale in persons with multiple sclerosis. J
Neurol Sci. 2017;382:131-6.

6. Comber L, Galvin R, Coote S. Gait deficits in people with multiple sclero-
sis: a systematic review and meta-analysis. Gait Posture. 2017,51:25-35.

7. Cofre Lizama LE, Bruijn SM, Galea MP. Gait stability at early stages of multi-
ple sclerosis using different data sources. Gait Posture. 2020;77:214-7.

8. Mazumder R, Murchison C, Bourdette D, Cameron M. Falls in people with
multiple sclerosis compared with falls in healthy controls. PLoS One.
2014;9(9):107620.

9. Peterson EW, Cho CC, Finlayson ML. Fear of falling and associated activity
curtailment among middle aged and older adults with multiple sclerosis.
Multiple Scler. 2007;13(9):1168-75.

10. Nilsagard Y, Gunn H, Freeman J, Hoang P, Lord S, Mazumder R, et al. Falls
in people with MS--an individual data meta-analysis from studies from
Australia, Sweden, United Kingdom and the United States. Multiple Scler.
2015;21(1):92-100.

11. Kalron A, Aloni R, Givon U, Menascu S. Fear of falling, not falls, impacts
leisure-time physical activity in people with multiple sclerosis. Gait Pos-
ture. 2018;65:33-8.

12. Mikula P, Nagyova |, Krokavcova M, Vitkova M, Rosenberger J, Szilasiova J,
et al. Social participation and health-related quality of life in people with
multiple sclerosis. Disabil Health J. 2015;8(1):29-34.

13. Horak FB. Postural orientation and equilibrium: what do we need to know
about neural control of balance to prevent falls? Age Ageing. 2006;35
Suppl 2:ii7-ii11.


mailto:sverker.johansson@ki.se

Wallin et al. Pilot and Feasibility Studies

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

(2023) 9:41

Farlie MK, Molloy E, Keating JL, Haines TP. Clinical markers of the intensity
of balance challenge: observational study of older adult responses to
balance tasks. Phys Ther. 2016;96(3):313-23.

Pavlikova M, Cattaneo D, Jonsdottir J, Gervasoni E, Stetkarova |, Angelova
G, et al. The impact of balance specific physiotherapy, intensity of therapy
and disability on static and dynamic balance in people with multiple
sclerosis: a multi-center prospective study. Mult Scler Relat Disord.
2020;40:101974.

Gunn H, Markevics S, Haas B, Marsden J, Freeman J. Systematic

review: the effectiveness of interventions to reduce falls and improve
balance in adults with multiple sclerosis. Arch Phys Med Rehabil.
2015;96(10):1898-912.

Callesen J, Cattaneo D, Brincks J, Kjeldgaard Jergensen ML, Dalgas U.
How do resistance training and balance and motor control training
affect gait performance and fatigue impact in people with multiple
sclerosis? A randomized controlled multi-center study. Multiple Sclerosis.
2019;26(11):1420-32. https://doi.org/10.1177/1352458519865740.
Carling A, Forsberg A, Gunnarsson M, Nilsagard Y. CoDuSe group exercise
programme improves balance and reduces falls in people with multiple
sclerosis: a multi-Centre, randomized, controlled pilot study. Mult Scler J.
2017;23(10):1394-404.

Kasser SL, Jacobs JV, Ford M, Tourville TW. Effects of balance-specific exer-
cises on balance, physical activity and quality of life in adults with multi-
ple sclerosis: a pilot investigation. Disabil Rehabil. 2015;37(24):2238-49.
Dalgas U, Langeskov-Christensen M, Stenager E, Riemenschneider M,
Hvid LG. Exercise as medicine in multiple sclerosis-time for a paradigm
shift: preventive, symptomatic, and disease-modifying aspects and
perspectives. Curr Neurol Neurosci Rep. 2019;19(11):88.

Kierkegaard M, Lundberg IE, Olsson T, Johansson S, Ygberg S, Opava C,

et al. High-intensity resistance training in multiple sclerosis - an explora-
tory study of effects on immune markers in blood and cerebrospinal
fluid, and on mood, fatigue, health-related quality of life, muscle strength,
walking and cognition. J Neurol Sci. 2016;362:251-7.

Proschinger S, Kuhwand P, Rademacher A, Walzik D, Warnke C, Zimmer P, Joisten
N. Fitness, physical activity, and exercise in multiple sclerosis: a systematic review
on current evidence for interactions with disease activity and progression. J
Neurol. 2022;269(6):2922-40. https://doi.org/10.1007/500415-021-10935-6.
Hallingberg B, Turley R, Segrott J, Wight D, Craig P, Moore L, et al. Explora-
tory studies to decide whether and how to proceed with full-scale evalu-
ations of public health interventions: a systematic review of guidance.
Pilot Feasib Stud. 2018;4(1):104.

Skivington K, Matthews L, Simpson SA, Craig P, Baird J, Blazeby JM, et al.
A new framework for developing and evaluating complex interventions:
update of Medical Research Council guidance. BMJ (Clinical research ed).
2021;374:n2061.

Eldridge SM, Lancaster GA, Campbell MJ, Thabane L, Hopewell S, Cole-
man CL, et al. Defining feasibility and pilot studies in preparation for
randomised controlled trials: development of a conceptual framework.
PLoS One. 2016;11(3):0150205.

Conradsson D, Lofgren N, Stahle A, Hagstromer M, Franzen E. A novel
conceptual framework for balance training in Parkinson'’s disease-study
protocol for a randomised controlled trial. BMC Neurol. 2012;12:111.
Conradsson D, Lofgren N, Nero H, Hagstromer M, Stahle A, Lokk J, et al.
The effects of highly challenging balance training in elderly with Parkin-
son’s disease: a randomized controlled trial. Neurorehabil Neural Repair.
2015;29(9):827-36.

McDonald WI, Compston A, Edan G, Goodkin D, Hartung HP, Lublin FD,
et al. Recommended diagnostic criteria for multiple sclerosis: guidelines
from the international panel on the diagnosis of multiple sclerosis. Ann
Neurol. 2001;50(1):121-7.

Thompson AJ, Banwell BL, Barkhof F, Carroll WM, Coetzee T, Comi G, et al.
Diagnosis of multiple sclerosis: 2017 revisions of the McDonald criteria.
Lancet Neurol. 2018;17(2):162-73.

Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an
expanded disability status scale (EDSS). Neurology. 1983;33(11):1444-52.
Nasreddine ZS, Phillips NA, Bedirian V, Charbonneau S, Whitehead V,
Collin, et al. The Montreal cognitive assessment, MoCA: a brief screening
tool for mild cognitive impairment. J Am Geriatr Soc. 2005;53(4):695-9.
Franchignoni F, Godi M, Guglielmetti S, Nardone A, Giordano A. Enhanc-
ing the usefulness of the mini-BESTest for measuring dynamic balance: a
Rasch validation study. Eur J Phys Rehabil Med. 2015;51(4):429-37.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

Page 150f 16

Wallin A, Kierkegaard M, Franzén E, Johansson S. Test-retest reliability of
the mini-BESTest in people with mild to moderate multiple sclerosis. Phys
Ther. 2021.

Gijbels D, Dalgas U, Romberg A, de Groot V, Bethoux F, Vaney C, et al.
Which walking capacity tests to use in multiple sclerosis? A multicentre
study providing the basis for a core set. Multiple Scler. 2012;18(3):364-71.
Bennett SE, Bromley LE, Fisher NM, Tomita MR, Niewczyk P. Validity and
reliability of four clinical gait measures in patients with multiple sclerosis.
Int J MS Care. 2017;19(5):247-52.

Nieuwenhuis MM, Van Tongeren H, Sorensen PS, Ravnborg M. The six
spot step test: a new measurement for walking ability in multiple sclero-
sis. Multiple Scler. 2006;12(4):495-500.

Callesen J, Richter C, Kristensen C, Sunesen |, Naesby M, Dalgas U, et al.
Test-retest agreement and reliability of the six spot step test in persons
with multiple sclerosis. Multiple Sclerosis (Houndmills, Basingstoke,
England). 2018:1352458517745725.

Mancini M, King L, Salarian A, Holmstrom L, McNames J, Horak FB. Mobil-
ity lab to assess balance and gait with synchronized body-worn sensors. J
Bioeng Biomed Sci. 2011;Suppl 1:007.

Tombaugh TN. Trail making test a and B: normative data stratified by age
and education. Arch Clin Neuropsychol. 2004;19(2):203-14.

Schoenberg MR, Dawson KA, Duff K, Patton D, Scott JG, Adams RL. Test
performance and classification statistics for the Rey auditory verbal
learning test in selected clinical samples. Arch Clin Neuropsychol.
2006;21(7):693-703.

Parmenter BA, Weinstock-Guttman B, Garg N, Munschauer F, Benedict
RH. Screening for cognitive impairment in multiple sclerosis using the
symbol digit modalities test. Multiple Sclerosis (Houndmills, Basingstoke,
England). 2007;13(1):52-7.

Morrow SA, O'Connor PW, Polman CH, Goodman AD, Kappos L, Lublin
FD, et al. Evaluation of the symbol digit modalities test (SDMT) and MS
neuropsychological screening questionnaire (MSNQ) in natalizumab-
treated MS patients over 48 weeks. Multiple Scler. 2010;16(11):1385-92.
Hobart JC, Riazi A, Lamping DL, Fitzpatrick R, Thompson AJ. Measur-

ing the impact of MS on walking ability: the 12-item MS walking scale
(MSWS-12). Neurology. 2003;60(1):31-6.

Yardley L, Beyer N, Hauer K, Kempen G, Piot-Ziegler C, Todd C. Develop-
ment and initial validation of the falls efficacy scale-international (FES-I).
Age Ageing. 2005;34(6):614-9.

van Vliet R, Hoang P, Lord S, Gandevia S, Delbaere K. Falls efficacy
scale-international: a cross-sectional validation in people with multiple
sclerosis. Arch Phys Med Rehabil. 2013;94(5):883-9.

Wade DT, Legh-Smith J, Langton HR. Social activities after stroke:
measurement and natural history using the Frenchay activities index. Int
Rehabil Med. 1985;7(4):176-81.

Hobart J, Lamping D, Fitzpatrick R, Riazi A, Thompson A. The multiple
sclerosis impact scale (MSIS-29): a new patient-based outcome measure.
Brain J Neurol. 2001;124(Pt 5):.962-73.

Fisk JD, Pontefract A, Ritvo PG, Archibald CJ, Murray TJ. The impact of
fatigue on patients with multiple sclerosis. Can J Neurol Sci Le journal
canadien des sciences neurologiques. 1994;21(1):9-14.

Flensner G, Ek AC, Soderhamn O. Reliability and validity of the Swed-

ish version of the fatigue impact scale (FIS). Scand J Occup Ther.
2005;12(4):170-80.

Honarmand K, Feinstein A. Validation of the hospital anxiety and
depression scale for use with multiple sclerosis patients. Multiple Scler.
2009;15(12):1518-24.

Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta
Psychiatr Scand. 1983;67(6):361-70.

Brooks R. EuroQol: the current state of play. Health Policy (Amsterdam,
Netherlands). 1996,37(1):53-72.

Fugl-Meyer AR, Melin R, Fugl-Meyer KS. Life satisfaction in 18- to 64-year-
old swedes: in relation to gender, age, partner and immigrant status. J
Rehabil Med. 2002;34(5):239-46.

Stuifbergen A, Becker H, Blozis S, Beal C. Conceptualization and develop-
ment of the acceptance of chronic health conditions scale. Issues Mental
Health Nurs. 2008;,29(2):101-14.

Forslin M, Kottorp A, Kierkegaard M, Johansson S. The Swedish version
of the acceptance of chronic health conditions scale for people with
multiple sclerosis: translation, cultural adaptation and psychometric
properties. J Rehabil Med. 2016;48(10):872-9.


https://doi.org/10.1177/1352458519865740
https://doi.org/10.1007/s00415-021-10935-6

Wallin et al. Pilot and Feasibility Studies (2023) 9:41 Page 16 of 16

56. Wallin A, Forslin M, Johansson S, Kierkegaard M. Construct validity and
test-retest reliability of the Swedish version of the acceptance of chronic
health conditions scale. Multiple Sclerosis Relat Disord. 2019,35:203-8.

57. Franzén E, Johansson H, Freidle M, Ekman U, Wallén MB, Schalling E, et al.
The EXPAN trial: effects of exercise and exploring neuroplastic changes
in people with Parkinson’s disease: a study protocol for a double-blinded
randomized controlled trial. BMC Neurol. 2019;19(1):280.

58. Felippe LA, Salgado PR, de Souza SD, Smaili SM, Christofoletti G. A con-
trolled clinical trial on the effects of exercise on cognition and mobility in
adults with multiple sclerosis. Am J Phys Med Rehabil. 2019;98(2):97-102.

59. Rennie L, Lofgren N, Moe-Nilssen R, Opheim A, Dietrichs E, Franzén E.
The reliability of gait variability measures for individuals with Parkinson’s
disease and healthy older adults - the effect of gait speed. Gait Posture.
2018;62:505-9.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	A highly challenging balance training intervention for people with multiple sclerosis: a feasibility trial
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Key messages regarding feasibility
	Introduction
	Methods
	Trial design
	Intervention development process
	The co-design process
	The intervention—highly challenging balance training for PwMS

	Recruitment of participants and planned timeline for the feasibility trial
	Data collection
	Potential outcome measures
	Progression criteria
	Sample size and analytical methods

	Results
	Recruitment process and rates of inclusion and retention
	Study procedures
	Intervention delivery
	Time of day, frequency, and duration of training session
	Exercise progression and level of challenge adjustment
	Monitoring the level of challenge
	Group training, individual exercises, and safety in training
	Attitudes towards using a specified home exercise program
	Individual effort required for participation and motivation
	Attendance at training sessions
	Perceived effect and willingness to recommend training

	Outcome measures
	Primary outcome
	Secondary outcomes
	Sample size in at future full-scale trial


	Discussion
	Strengths and limitations

	Conclusions
	Registration
	Protocol

	Acknowledgements
	References


