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ABSTRACT

Purpose: To explore the acceptability and potential efficacy of orthotic shorts in people with multiple sclerosis.
Materials and methods: This mixed-methods, cross-over study utilised qualitative data to investigate
acceptability, including perceived effectiveness. Quantitative data included wear times, self-selected walk-
ing speed, spatiotemporal gait parameters, and participant-perceived walking ability. Fifteen participants
were assessed with and without two pairs of custom-made shorts: one designed as an orthotic and a
second looser pair. Each were worn at home for two weeks. Semi-structured interviews were conducted
at the first and final appointments. Quantitative data were analysed using Cohen'’s d; qualitative analysis
used a thematic framework. A triangulation protocol integrated qualitative and quantitative data.

Results: Orthotic shorts were acceptable to most users who described improved control, stability, and
function. Where shorts were less acceptable, this was due to restriction of hip flexion or appearance.
Effect sizes were in the moderate category for participant-perceived walking ability and for those spatio-
temporal gait parameters that reflect mediolateral stability. Small effect sizes were seen for walking speed
and related spatiotemporal parameters, such as step length.

Conclusion: Orthotic shorts are acceptable and potentially efficacious for improving walking, stability,
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and function in people with multiple sclerosis. Further research and design development are warranted.

> IMPLICATIONS FOR REHABILITATION

e Orthotic shorts are a type of fabric orthosis that have not been previously researched but might

assist pelvic stability.

e Orthotic shorts appear to be acceptable to those people with multiple sclerosis who perceive them-

selves to be unstable around the trunk and hips.

e Orthotic shorts might improve gait stability and self-perceived walking ability.

Introduction

An estimated 76% of people with multiple sclerosis (PwMS) com-
plain of mobility problems [1] and 50-70% report that walking is
the most challenging aspect of multiple sclerosis (MS) that they
face [2]. Walking ability predicts employment status and the need
for caregiver support and healthcare resources [2,3]. PWMS have a
slower gait, a wider base of support and more variability in their
spatiotemporal gait parameters than non-neurologically impaired
people [4]. As a result of different patterns of neurological damage,
gait impairment presents differently across different PwMS [5].
Orthotic shorts are a type of fabric orthosis, designed to sup-
port the hips and lower trunk. Fabric orthoses are made from
elasticated fabrics. They are suggested to improve stability, pro-
prioceptive awareness and posture via compression and direc-
tional support [6]. Fabric orthoses may be helpful for PwMS
because these proposed benefits might compensate for muscle
weakness and the slowed, diminished sensory feedback found in
MS [7,8]. Orthotic shorts might be beneficial in MS because hip

and pelvic instability appear to be common gait problems [9]. In
addition, the elasticity of close-fitting shorts has been shown to
increase flexion and extension torque at the end of range of hip
extension and flexion, respectively [10]. This could provide assist-
ance to swing phase and forward propulsion.

Very little previous research has been conducted into the use
of fabric orthoses [11]. Much of the previous research investigated
the longer term training effects of orthoses rather than the direct
impact on movement control [11], the so-called “direct orthotic
effect” [12]. Only two previous studies have investigated proximal
orthoses in adults with neurological conditions. Serrao et al. [13]
investigated the effect of a short suit, covering shoulders to
above the knee, on gait stability in people with degenerative
cerebellar ataxia. They compared gait without the suit at baseline,
with gait whilst wearing the suit following a one-month period of
regular use. They found decreased range of motion at the trunk
and pelvis and a decrease in stride time variability, but were
unable to determine whether this was a training effect or an
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orthotic effect. Direct orthotic effect is likely to be important
because an orthosis seems unlikely to have a training effect with-
out a direct orthotic effect. Furthermore, we had conducted ear-
lier qualitative research, with a different participant group, that
suggested that users are more likely to find an orthotic accept-
able if they perceive it to be effective on first use [14]. Only one
previous study [15] has investigated the direct orthotic effects of
a proximal fabric orthosis in adults. Maguire et al. [15] investi-
gated Theratogs, a fabric orthosis where an elasticated base layer
is supplemented with inelastic strapping, to support pelvic stabil-
ity in stroke survivors. They found small increases in gait speed
and hip abductor activity with the Theratogs, although temporal
asymmetry increased with more time spent on the non-hemiple-
gic leg. No previous research has investigated the effectiveness of
orthotic shorts, although these may be easier to don and doff
than a suit or Theratog.

The Medical Research Council guidelines for Developing a
Complex Intervention [16] suggest that early feasibility and pilot
work should contribute to intervention development. Feasibility
studies include assessment of acceptability and limited efficacy
testing, which is particularly important where no previous
research exists [17]. Acceptability has been defined as “a multi-
faceted construct that reflects the extent to which people deliver-
ing or receiving a healthcare intervention consider it to be appro-
priate, based upon anticipated or experienced cognitive and
emotional responses to the intervention” [18, p. 1]. Acceptability
of assistive devices influences effectiveness because an unaccept-
able device will not be used [19,20]. There is widespread agree-
ment that adherence to any healthcare advice, including assistive
device use, is influenced by important psychosocial aspects
[19-21]. These include users’ feelings and beliefs and social influ-
ences on behaviour [19-21]. Mixed-methods research is required
to understand these elements.

This study aimed to explore whether orthotic shorts would be
acceptable to PWMS and to estimate their potential efficacy.

Materials and methods
Study design

This was an exploratory, descriptive feasibility study employing a
convergent, parallel mixed-methods cross-over design.

This study was approved by the National Research Ethics
Service Committee for Leeds East in May 2017 and the Health
Research Authority in December 2017. The trial protocol is avail-
able at Clinical Trials.gov (Ref: NCT03164031).

Participants

Participants were recruited through a local NHS Trust, MS Therapy
Centre and via a protocol on the Clinical Trials.gov webpage.
Eligibility criteria were diagnosed with MS of any type; had no
relapses in the previous fourweeks or commenced any new drug
therapies in the previous three months; self-identified as having
difficulty walking with a feeling of instability around the hips or
lower trunk; be able to walk for at least 2 min and have no skin
or circulatory problems that might preclude wearing tight cloth-
ing. Criteria were deliberately inclusive to enable us to explore
clinical features that might influence acceptability and efficacy.

A sample size of sixteen had been set a priori. This was consid-
ered to be an adequate sample size to achieve representation
across genders, motor impairments, age, and MS type and to
obtain adequate data on potential efficacy [22].

Figure 1. Image of orthotic shorts.

Intervention

Each participant trialled two pairs of shorts, custom-made by a
company who are specialists in design and manufacture of fabric
orthoses. One pair was designed to be “orthotic” (see Figure 1).
These were constructed from a base layer that fitted snugly and
provided some compression, plus added panelling. Panels were
constructed from elastic material, orientated such that directional
forces (1) provided compression around the pelvis and (2) facili-
tated external rotation and extension of the hips. Participants
were provided with one of two different designs of orthotic
shorts: “standard” or “abduction assist.” “Abduction assist” shorts
included additional panelling intended to abduct the hips. All
shorts extended down to approximately 4 cm above the knee and
were waist high or extended upwards to include the lumbar area.
Participants’ gait was observed by the first author (NS) and a rep-
resentative from the orthotics company to determine whether to
include abduction assistance and lumbar support. If participants
appeared to have difficulty maintaining alignment between their
trunk and pelvis, the lumbar support was included. If participants
appeared to have a narrow step width, then “abduction assis-
tance” was provided. Participants chose the colour of their shorts,
presence or absence of side zips and presence or absence of a
toileting hole. Base layer and panels were the same colour to
minimise visible differences between the two pairs of
shorts provided.

The second pair of shorts was originally conceived as a pla-
cebo but are referred to as “baselayer” shorts because, as will be
discussed later, their effectiveness as a placebo is uncertain. These
consisted of the base layer fabric only and were a slightly larger
fit than the orthotic shorts.

Pressure beneath the shorts was assessed over the left gluteus
maximus muscle using a Kikuhime pressure monitor, which is
commonly used for measuring pressure beneath compression gar-
ments [23]. Pressure applied by the garment provides some esti-
mate of how restrictive the orthosis is. Measuring pressure is
recommended because physiological effects have been found to
vary with pressure applied [11]. Pressure beneath the shorts
ranged from 2 to 6mmHg for the baselayer shorts and
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Analysis

Figure 2. Overview of study design.

6-13 mmHg for the orthotic shorts. The fit was assessed by the
orthotics company representative and adjusted where required.
The fit was considered to be equally snug between the two pairs
of shorts.

Procedure

All participants trialled both orthotic and baselayer shorts, one
pair at a time. Figure 2 shows an overview of the study design.
Participants’ walking ability was measured without and then with

the shorts, which were then taken home for a two-week trial.
Participants were asked to gradually increase the time they wore
the shorts each day, up to 14h a day and kept a diary of wear
times and experiences they felt were important. After each two-
week home trial, the first author (NS) visited the participants and
took the shorts away. There was then a gap of two weeks before
walking ability was reassessed to determine baseline stability. The
final interview took place on the final appointment. Participants
were given the option of keeping one or both pairs of shorts after
the study.
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Randomisation and assessor blinding

The first author (NS) acted as Principal Investigator and assessor.
A colleague allocated participants to the order in which they
would test their shorts using a blocked randomisation schedule
designed to counterbalance order of testing. Unfortunately, there
was an error in using the schedule, meaning that ten participants
trialled the orthotics shorts first. Participants changed into their
allocated shorts behind a screen and replaced their top clothing,
to blind the assessor as to which shorts were being tested.

Qualitative data collection

Qualitative data were collected using individual semi-structured
interviews at the first and final study visits. The first interview
lasted an average of 23 min (range 10 to 38 min) and explored
participants’ motivations for joining the study, their current daily
activities, challenges, previous orthotic experiences, and expecta-
tions of the shorts. The final interview lasted an average of 44 min
(range 29 to 75min) and explored participants’ experiences with
the shorts. If participants chose to keep their shorts, they were
asked for their reasoning and plans for future use. The second
interview included prompts related to that participant’s initial
interview and wear diary. All interviews were conducted and tran-
scribed verbatim by the first author (NS).

Measures

Gait was assessed using (1) a GAITRite (CIR Systems, Inc) instru-
mented walkway for self-selected gait speed and spatiotemporal
gait parameters and (2) Opal Sensors (APDM Wearable
Technologies), which are a type of Inertial Measurement Unit for
assessing trunk and pelvic stability. The 12-item Multiple Sclerosis
Walking Scale (MSWS-12) assessed participant-perceived walk-
ing ability.

The GAITRite system used was the GAITRite 3.8, comprising a
5.18m long walkway. The GAITRite provides excellent reliability
for assessing most spatiotemporal gait parameters in MS [24].
Because step width is more variable, reliable assessment requires
multiple passes of the GAITRite mat [25]. Each participant com-
pleted four passes of the mat at each test, providing a mean of
24 steps per test (SD 4.3; range 16-31). Participants were asked to
walk at a comfortable but purposeful pace. They commenced
walking 2m before the start of the mat and finished each walk
2m after the end of the mat. Mean values for gait speed were
downloaded from the GAITRite software. Values of step length,
step width. and stride time were downloaded for each step or
stride and used to calculate means and variability. Variability was
expressed as coefficient of variation and standard deviation.

Inertial measurement units are sensors that consist of acceler-
ometers, gyroscopes, and magnetometers. These were attached
to the sacrum and to the sternal angle with straps fitted over
clothing, plus ankle sensors to detect footfall. Participants walked
at a comfortable speed along a 30m corridor. Trunk and pelvis

three-dimensional position data for up to 30s of steady-state
walking were extracted and analysed in order to determine
mediolateral 95% sway range [26]. These samples included a
mean of 49 steps (SD 11; range 18-65).

The MSWS-12 is the only tool designed specifically to assess
participant-perceived walking ability in MS [27]. It asks partici-
pants to self-report the degree to which their MS has limited their
mobility over the previous two weeks. It has been shown to have
strong psychometric properties [27,28]. A change of 11 points is
suggested to represent clinically important change [29].

Qualitative data analysis

Data were analysed using Framework Analysis [30,31]. This
requires five analysis stages [30,31]: familiarisation, identifying a
thematic framework, indexing, charting, and interpretation.
Familiarisation involved transcribing the interviews, re-reading,
and producing a list of emergent themes. The thematic frame-
work used was the Theoretical Framework of Acceptability (TFA,
Table 1) [18], with the construct of “perceived effectiveness” div-
ided into three subthemes, obtained from a previous qualitative
fabric orthosis study [14]: “reclaiming my body,” “reclaiming
autonomy,” and “managing self-image.” The framework was
applied to the data using indexing and charting and progressed
through several iterations as codes were renamed and refined by
NS and HP. Interpretation involved explicating the meaning of the
component constructs of the TFA as reflected in our data.

Credibility of the analysis was optimised by in-depth inter-
views, prolonged engagement with the transcripts, careful atten-
tion to the extent to which the data supported each finding and
verification of the final thematic framework and coding by an
experienced researcher (HP).

Quantitative data analysis

Tests of normal distribution were performed using the Shapiro-
Wilk test. All ratio data was normally distributed except for stride
time variability. Effect sizes were used to estimate the magnitude
of effect of the shorts on each variable. For all objective measures,
effect sizes and mean differences were calculated for the within-
day effect of “no shorts” versus “shorts” and the between-day
comparison orthotic shorts compared to baselayer shorts. For the
MSWS-12, effect sizes were calculated comparing initial baseline
to the value at the end of each home trial. For normally distrib-
uted, ratio data, Cohen’s d was calculated by dividing the differ-
ence between the two conditions by the pooled standard
deviation for both shorts conditions. For ordinal and non-normally
distributed ratio measures, a non-parametric effect size was calcu-
lated by dividing the Z value obtained from the Wilcoxon signed
rank test by the square root of the number of observations [32].
Effect sizes around 0.2 were considered to reflect a small effect,
around 0.5 a moderate effect and 0.8 and above is considered a
large effect [33]. Other inferential analyses were not considered

Table 1. The component constructs of the Theoretical Framework of Acceptability [13].

Component construct

Definition

Affective attitude
Burden

Ethicality

Intervention coherence
Opportunity costs
Perceived effectiveness
Self-efficacy

How an individual feels about the intervention

The perceived amount of effort that is required to participate in the intervention

The extent to which the intervention has a good fit with an individual’s value system

The extent to which the participant understands the intervention and how it works

The extent to which benefits, profits or values must be given up to engage in the intervention

The extent to which the intervention is perceived as likely to achieve its purpose

The participant’s confidence that they can perform the behaviour(s) required to participate in the intervention




appropriate in a small feasibility study for which no sample size
calculation had been performed.

Mixed-methods integration

Integration of key quantitative and qualitative approaches
occurred at the stage of interpretation, meaning that qualitative
and quantitative data were analysed separately, and key findings
compared using a triangulation protocol [34,35]. A convergence
coding matrix was created by wording research questions in such
a way that both qualitative and quantitative data were relevant.
The findings were classified as being convergent, divergent or
“silent.” Divergent findings were further classified as complemen-
tary or dissonant.

Results
Participants and shorts provided

Fifteen participants completed the study (Table 2). Each is
assigned a gender-specific pseudonym. There were 4 men and 11
women with a mean age of 48 (range from 34 to 57). Ten people
had relapsing-remitting MS, three had secondary progressive, and
two had primary progressive. Two male participants were South
Asian British, the remainder were white British. A further partici-
pant withdrew after testing the orthotic shorts because they were
visible beneath her clothing.

Male participants all chose black or bold primary colours for
their shorts, females were more likely to choose beige (six) or pas-
tel (four). A toileting hole was provided for one male and five
female participants. Participants’ choices around whether to have
a zip or toileting hole were informed by their stated hand and
bladder function. During the qualitative interviews, 7 of the 15
participants said they expected one of the pairs of shorts to be a
“placebo” and 6 of these correctly identified the baselayer pair as
the placebo.

Acceptability—quantitative data

Twelve participants (75%) chose to keep the orthotic shorts after
the study and eight of these also kept the baselayer shorts.
Adherence to the recommended wear times was good, with the
orthotic shorts worn for 86% of the recommended time and the
baselayer shorts worn for 88% of the recommended time.

Table 2. Overview of participant characteristics.

Time since diagnosis

Pseudonym  Age  Gender Disease type (years)
Alison 36 Female  Relapsing-remitting 18
Ben 45 Male Relapsing-remitting 10
Caroline 42 Female  Relapsing-remitting 20
Dawn 50 Female  Primary progressive 4
Erica 50 Female  Relapsing-remitting 12
Frank 46 Male Relapsing-remitting 6
Gwen 50 Female  Relapsing-remitting 29
Helen 57 Female  Secondary progressive 20
Ingrid 56 Female  Relapsing-remitting 5
Jon 51 Male Primary progressive 3
Kathy 52 Female  Relapsing-remitting 4
Linda 44 Female  Secondary progressive 15
Melissa 34 Female  Secondary progressive 8
Natalie 52 Female  Relapsing-remitting 5
Oliver 51 Male Relapsing-remitting 24
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Acceptability—qualitative data

As recommended by Sekhon et al. [18], we considered both
“anticipated” and “experienced” acceptability. “Anticipated accept-
ability” refers to acceptability of a healthcare intervention prior to
the intervention being experienced directly, whereas “experienced
acceptability” refers to acceptability of a healthcare intervention
after that intervention has been experienced directly.

Anticipated acceptability

For the orthotic shorts, anticipated acceptability was revealed
through the constructs of “intervention coherence” and
“ethicality.” “Intervention coherence” refers to an individual’s
understanding of how an intervention might work and whether
the mechanism of action is congruent with their understanding of
their condition. In the initial interview, participants were asked
how they might respond to the shorts. They used terms such as
“stability,” “balance,” “posture,” and “strength” to describe the
expected effect. For example, Ben explained “they might keep me
balanced ... firmer.” Many participants referred to the concept of
“core stability,” highlighting that their “core” was a particularly
weak area or that core control directly influenced their balance or
leg control.

Three participants had purchased close-fitting shorts or
supportive underwear prior to hearing about the current
study, “to see if it would help.” None found these previously
purchased garments helpful, either because they were a poor
fit or did not seem strong enough to be supportive.
Nevertheless, they had suspected that tight clothing might be
of benefit.

The component construct of “ethicality” refers to the extent to
which an intervention fits with an individual’s value system. Four
elements were considered to reflect value systems: the import-
ance of taking opportunities to help yourself; the perceived value
of exercise; the preference for simple, low-risk, non-pharmaceut-
ical interventions and the desire for assistance invisible to others.
“Taking opportunities” came across where participants explained
that they take any opportunity to get involved in research and to
explore new treatments. Participants felt that everyone with MS
should try anything that might possibly help. For example, Dawn
explained: “anything’s worth a go. And everybody’s different,
aren’t they?” All participants explained the value of exercise for
managing their MS and most reported being actively engaged in
some form of regular exercise, either in their own home, at a
therapy centre or in a gym. Several participants linked the import-
ance of exercise to how they perceived the shorts. For example,
Erica explained: “the attractive thing about the shorts is that it
feels like something you might wear if you were going to the
gym.” Several participants highlighted a preference for simple,
low-risk, non-pharmaceutical approaches to managing MS symp-
toms, either because they had negative experiences with disease
modifying drugs, did not like the idea of using drugs or wanted
something non-pharmaceutical in addition to drug therapy. A
final element of values is the preference for assistance that is not
visible to others, a desire to hide your challenges and to avoid
the stigma associated with aids. For some participants, this was
an extremely important aspect of the shorts.

When | used my rollator, | can walk further...and | don’t have such
severe back pain. | am hoping that, in a sense, the shorts are going to
do that but they’re underneath me skirt and nobody sees them. (Ingrid)

Nobody’s going to say, “Oh, why have you got those funky, weird
knickers on?” Umm ... they are hidden. | like that they are hidden. |
love that they are hidden. (Melissa)
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Experienced acceptability—perceived effectiveness

For the orthotic shorts, experienced acceptability was revealed
through the constructs of perceived effectiveness, burden, and
affective attitude. “Perceived effectiveness” refers to the extent to
which an intervention is perceived to be likely to achieve its pur-
pose and included subthemes of “reclaiming my body,”
“reclaiming autonomy,” and “managing self-image.”

The “reclaiming my body” subtheme includes participants’ per-
ceptions of physical changes brought about by the shorts. Many
participants reported improvements in posture, feeling “straighter”
and more “upright.” Around half the participants described
improvements in their walking ability. For example, they could
walk “in a straight line,” rather than wavering from side to side.
Kathy and Melissa described being better able to control their
foot placement. Kathy explained that with her shorts she was
able “to negotiate rubbish on the floor” and Melissa described
that without her shorts, she would tread on her son’s toys on the
living room floor. With the shorts, she could avoid them. Jon
explained a similar feeling of improved control over stepping:

There was something there to constantly remind my legs that they
should be going in a particular direction... in the past, when I've
turned my head, my legs will just splay out in the direction that | am
looking at... (the shorts) allowed me to go straighter... allowed my
legs to point in the right direction.

Some participants explained that the shorts enabled them to
walk further, faster, and more smoothly. Frank and Oliver
explained that they could lift their feet more easily with the
shorts on. Frank linked this improvement to a more
upright posture:

When you've got the shorts on and you ... straighten yourself and get
yourself in the right position... because of the shorts, | feel better.
That then leads you to not catch your feet as much, not drag as much
and then you are able to push a bit further.

Some participants perceived that the shorts improved their leg
strength. Four participants described being better able to control
hip extension in functions such as sitting down, standing up, and
squatting. One participant described her legs as stronger, sturdier,
and “rock hard” with the shorts.

The second subtheme of “reclaiming my autonomy” describes
several psychosocial benefits related to confidence and independ-
ence. Alison, Frank, Kathy, and Oliver described being able to
stand for longer, turn or reach sideways with greater stability and
be more active in standing, which in turn enabled them to better
perform household tasks. As Oliver explained:

The benefits were general walking around, getting about, day-to-day
stuff, working... You know, standing in the kitchen, washing and
putting the pots away, things like that... umm... and general
confidence. You do tend to find yourself doing more and not thinking
about it.

All participants used terms such as “secure” “stable”
“controlled,” “supported” or “strong” to describe how they felt
when wearing the shorts. These terms can be applied to physical
ability and emotional status and both meanings may be relevant;
most participants appeared comfortable explaining perceived psy-
chological effects. As Frank explained “yes it was physical but
even if part of it was psychosomatic, | don't care, it's done
its job.”

An increase in confidence was the most reported effect. Some
related this to a specific function, such as walking or balance,
whereas for others it seemed to be a more holistic effect, making
people “generally confident,” “positive,” and “less ill.” As Linda
explained: “security wise, wearing these shorts, | felt a bit more
confident in doing things. That little bit more support.”

The final subtheme within “perceived effectiveness” is that of
“managing self-image.” Caroline, Dawn, and Ingrid explained that
improving the appearance of their walking was one of their moti-
vations for trialling the shorts. Although Ingrid did not experience
a positive effect on the appearance of her walking, both Dawn
and Caroline felt this improved with the shorts. In addition,
Kathy's renewed ability to walk outside without her rollator had a
positive influence on her self-image because of the stigma she
associated with her walking aid.

For some, the appearance of the shorts themselves had a
negative influence on self-image and this is explored in the
“affective attitude” subtheme below.

Experienced acceptability—burden

The construct of “burden” refers to the perceived effort required
to participate in an intervention. Many participants felt the bur-
den of using the shorts was low, reporting that the shorts were
mostly comfortable, easy to get on and off and easy to launder.
Burdensome elements of the shorts are described below and
related to managing temperature, dressing and undressing, dis-
comfort, and movement restriction.

Those participants who trialled the shorts during the summer
explained that they were too warm on hot days. Some felt that it
took them longer to get dressed or undressed with the shorts.
Whether dressing was perceived as hard or easy could be related
to participants’ usual clothing choices. As Alison explained, put-
ting on the shorts was “just like putting a pair of tights on” and
Jon felt they were “no more difficult than some other clothing
that I've got.” Some participants referred to a period of familiarisa-
tion, explaining that they “got used to” the shorts.

Many participants described the shorts as “tight,” but a few
used more negative terms such as “restrictive,” “constrictive,” and
“uncomfortable.” Alison, Ben, Erica, and Gwen felt a sensation of
heaviness with the shorts. The movements felt to be most
restricted involved trunk and hip flexion such as climbing stairs,
bending over, using an exercise bike and sit-ups. For Gwen, this
restriction significantly reduced acceptability. She explained that
“an awful lot of muscular effort had to go into bending the hip ...
you know, in order to lift the leg properly.” Where participants
described the shorts as uncomfortable, this was mostly around
the abdomen and often related to flexed postures.

Experienced acceptability—affective attitude

“Affective attitude” refers to the emotional response to an inter-
vention. About half the participants explained that they liked the
shorts and used only positive language, including “fantastic,”
“brilliant,” and “a pleasure to wear.” Included within this group
were the three participants who had tried and been disappointed
by other forms of tight clothing. In contrast, Erica and Gwen gave
consistently negative feedback and used negative language to
describe their emotional response. Gwen disliked the shorts
because of the restriction she felt when climbing stairs, exclaim-
ing: “bloody things ... making my life hell.”

The appearance of the shorts had a strong influence on affect-
ive attitude for some female participants. None of the females
wanted the shorts to be visible and were concerned around
choice of clothing to achieve this. They discussed the length of
their skirts and the tightness of their trousers. Colour choice
seemed important. The men, who had chosen either red, dark
blue or black, and the women who had chosen black, commented
little on appearance. However, some women who had chosen
paler colours, either beige or pastels, appeared to dislike the
shorts. This was particularly evident for Erica who explained that
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Table 3. “No shorts” values at Visits 3, 5, and 7 for spatiotemporal gait parameters that improved during the study.

Outcome measure

No shorts conditions at Visit 3

No shorts conditions at Visit 5 No shorts conditions at Visit 7

Gait speed at self-selected walking speed (m/s) 1.13+£0.37
Step width variability SD (cm) 34+15
Stride time variability SD (ms) Median (IQR)
36 (23)
Step width variability CV (% of mean) 33+19
Stride time variability CV (% of mean) Median (IQR)
3.5 (1.6)

1.17£0.31 1.2+0.34
32+£19 33+18
Median (IQR) Median (IQR)
29 (18) 23 (28)
29+14 28+ 14
Median (IQR) Median (IQR)
3.1 (1.4) 23 (2.1)

she had been drawn to the study partly because of the sporty
appearance of the shorts on the flyer (see Figure 1). She chose
beige so that they would be less visible under clothing but clearly
regretted this choice, saying that the shorts made her feel “a bit
like an old granny,” describing the colour as “pretty disgusting”
and that wearing them was “a bit of a downer.” Paradoxically, the
same colour choice was both acceptable and unacceptable,
depending upon whether appearance was judged with or without
a top layer of clothing. The appearance of shorts under clothing
and their appearance without outer clothing both
seemed important.

Baseline characteristics

The participant group demonstrated a wide range of abilities,
with a mean self-selected gait speed at Visit 3 of 1.1£0.37m/s
(range 0.56m/s to 1.99m/s). There were changes in the “no
shorts” conditions across Visits 3, 5, and 7 with increases in self-
selected gait speed and decreases in stride time variability and
step width variability over time (Table 3). There was a marked
improvement in participant-perceived walking ability between
Visit 1 and Visit 7 (Table 6).

Impact of orthotic shorts on self-selected gait speed and
spatiotemporal gait parameters

For a cross-over study to enable a valid comparison of variables
in the two different conditions assessed (orthotic shorts versus
baselayer shorts) there should be a return to baseline ability fol-
lowing the removal of the shorts. The direct comparison planned
between the two pairs of shorts is less valid, because of the
changes in participants’ abilities in the “no shorts” conditions over
time and because more participants trialled the orthotic shorts
first. Nevertheless, as this was an exploratory, descriptive feasibil-
ity study aimed at informing future trials, objective data are pre-
sented in Table 4 for both the within-day and between-day
comparisons, i.e., comparing shorts on versus off on the same
day, as well as orthotic versus baselayer shorts.

Effect sizes (ES) showed a small increase in self-selected gait
speed with the orthotic shorts (ES = 0.27), with a correspondingly
small increase in step length (ES = 0.27) and a small decrease in
stride time (ES=—0.22) (Table 4). There were very small or negli-
gible changes in these variables in the baselayer shorts.

There was a moderate decrease in step width (ES= —0.5) with
the orthotic shorts but not with the baselayer shorts (ES = 0.03).
With the orthotic shorts, the group mean for step width narrowed
by 1.5cm.

Step width did not narrow in the orthotic shorts for all partici-
pants. Figure 3 shows the different baseline values for each par-
ticipant, along with the step width in each pair of shorts and
comparison values for mean step width obtained by Comber
et al. for healthy and MS groups in their systematic review [36].
Several individuals with a relatively narrow step width at baseline,

did not decrease step width further in the orthotic shorts (e.g.,
Helen, Erica, Caroline).

Variability of spatiotemporal gait parameters decreased in both
the orthotic and baselayer shorts (Table 4). The most notable
change is the decrease in step width variability seen with the
orthotic shorts (ES=—0.57).

Impact of orthotic shorts on trunk and pelvis sway range

Although there was a moderate decrease in step width, the orth-
otic shorts had a negligible impact on mediolateral pelvic sway
range (ES=—0.05, Table 5). Some participants decreased step
width and mediolateral pelvic sway in the shorts; however, many
decreased step width with either no change in mediolateral pelvic
sway range or a slightly increased sway range. There was a small
decrease in mediolateral trunk sway range in both orthotic and
baselayer shorts.

Impact of orthotic shorts on participant-perceived
walking ability

Both orthotic and baselayer shorts appeared to have a moderate
positive effect on participant-perceived walking ability (Table 6).
Most participants improved during the orthotic shorts trial, with a
group mean difference of 21 points (ES = 0.6). The baselayer
shorts had only slightly less influence, with a mean improvement
from baseline of 18 points (ES = 0.52). Group means for both
shorts were improved by more than the 11 points suggested to
represent clinically important change [29].

Integration of qualitative and quantitative findings

The convergent coding matrix, used to aid integration, is shown
in Table 7. Both datasets converge on the conclusion that the
orthotic shorts are an acceptable intervention. The quantitative
results show good adherence to wear and a high proportion of
participants chose to keep their shorts after the trial. The qualita-
tive data explicate what is meant by acceptability and how
acceptability might be improved in the future. Those individuals
who did not keep their shorts after the trial either struggled with
hip flexion, particularly on the stairs, or disliked the appearance of
the shorts.

There is convergence of qualitative and quantitative findings
around potential efficacy. An effect on confidence was described
qualitatively and is reflected in the improved participant-per-
ceived walking ability, measured using the MSWS-12. We suggest
that the small improvements seen in self-selected gait speed, step
length, and stride time are reflective of improved confidence.

There is convergence of qualitative and quantitative data
regarding the improvements on controlling leg direction whilst
stepping. Several participants described this sensation clearly, and
we suggest that the improvements seen in step width and step
width variability are reflective of this same skill.
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Table 4. Impact of shorts on self-selected gait speed and spatiotemporal gait parameters.

Orthotic shorts vs. no shorts

Baselayer shorts vs. no shorts Orthotic shorts vs. baselayer shorts

Orthotic No Effect Baselayer No Effect Orthotic Baselayer Effect
n shorts shorts size n shorts shorts size n shorts shorts size

Self-selected gait speed (m/s) 15 1.2+0.35 1.11+£0.33 027 15 1.12+032 1.09£0.33 0.09 14 1.2+0.35 1.12+£0.32 0.13
Step length (cm) 15 6110 59+10 027 15 59+10 5811 011 14 6110 619 0.04
Step width (cm) 15 10724 122+34 —050 15 10935 10.8+3.6 003 14 107+24 11.2+34 —0.20
Stride time (s) 15 1.06+£0.2 1.10£0.2 —022 15 1.10zx0.2 1.11£0.2 —0.03 14 1.06 0.2 1.07£0.1 —0.07
Step length variability (SD, cm) 15 34+1.0 34+09 —0.09 15 3.0+06 33+13 —-032 14 33+1.0 3.0+07 0.31
Step width variability (SD, cm) 15 26x1.1 34+16 —0.57 15 30+13 3216 —-0.12 14 26+1.2 3114 —0.36
Stride time variability (SD, ms) 15 Median (IQR) Median (IQR) —0.22 15 Median (IQR) Median (IQR) —0.09 14 Median (IQR) Median (IQR) 0.09

32 (28) 39 (20) 28 (14) 33 (19) 29.9 (30) 28 (14)
Step length variability (CV) 15 565+2.1 6.04+2.1 —-019 15 519+14 594+27 —-035 14 55+2.1 504+13 0.28
Step width variability (CV) 15 25+ 11 29+13 —036 15 30£14 3217 —-0.16 14 25+ 11 2914 —0.32
Stride time variability (CV) 15 Median (IQR) Median (IQR) —0.19 15 Median (IQR) Median (IQR) —0.20 14 Median (IQR) Median (IQR) 0.08

3.3 (2.0) 3.6 (1.6) 3.0 (1.0) 3.13 (1.5) 2.9 (2.0) 29 (1.1)

Unless stated, values are means and standard deviations; between-shorts values differ from within-day values because between-shorts includes only individuals for
whom data are available for both pairs of shorts, this excludes the participant who withdrew and Frank, who missed the orthotic shorts testing due to heat-induced

fatigue.

Table 5. Impact of shorts on trunk and pelvic mediolateral sway.

Orthotic shorts vs. no shorts

Baselayer shorts vs. no shorts

Orthotic shorts vs. baselayer shorts

Orthotic No Effect Baselayer No Effect Orthotic Baselayer Effect

n shorts shorts size n shorts shorts size n shorts shorts size

ML pelvic sway range (cm) 15 54+14 54+17 —0.05 15 52+1.0 5315 —0.06 14 54+14 52+1.0 0.18
ML trunk sway range (cm) 15 52x14 54+15 —0.14 15 52+18 55+2.1 —0.15 14 52x14 48+1.2 0.29

ML: mediolateral; values are means and standard deviations; between-shorts values differ from within-day values because between-shorts includes only individuals

for whom data are available for both pairs of shorts; ML sway range: 95% range.

Table 6. Mean changes and effect sizes for participant-perceived walking ability.

Mean score following Mean score following

Mean score orthotic shorts baselayer shorts Mean score at
at baseline + SD home trial £ SD home trial £ SD final visit £+ SD Comparison Effect size
MSWS-12 % 73+18 52+24 55+26 62+22 Orthotic vs. baseline —0.60
Baselayer vs. baseline —0.52
Orthotic vs. baselayer 0.09

MSWS-12: 12-item Multiple Sclerosis Walking Scale; a lower score indicates walking is perceived to be better.

There is convergence between qualitative and quantitative
data suggesting that active inner-range hip flexion is more chal-
lenging in the orthotic shorts. Step length improved slightly when
walking so resistance to hip flexion does not appear to interfere
with that task; however, lifting the leg further into inner-range
was reported to be difficult and the MSWS-12 data for these par-
ticipants suggested challenges with hip flexion whilst wearing
the shorts.

The potential effect of the shorts on stability was more com-
plex. Qualitative data suggests that many participants felt more
stable and controlled. Quantitative data for step width, step width
variability, and mediolateral trunk sway all support the idea that
the orthotic shorts might improve gait stability. However, there
was no change in the mean for mediolateral pelvic sway.
Comparing our data for those obtained in previous research, it
appears that the group mean at baseline in the present study
was already within normal range [37]. This might explain why no
improvement in mean pelvic sway was observed.

Discussion

This study is the first to investigate the use of orthotic shorts for
improving gait and walking in PwMS. Findings around acceptabil-
ity and the improvements in participant-perceived walking ability

support the need for further investigation and development of
what could potentially be a useful and cost-effective intervention.

Acceptability was good, particularly that of “anticipated accept-
ability,” meaning people’s impressions of how satisfied they might
be with this intervention, simply based upon its description. Three
elements suggest that anticipated acceptability may be strong in
the wider MS population. Firstly, participants suggested the shorts
might improve their core stability, and poor core stability appears
to be a common presentation in MS and is a common focus of
exercise programmes [38]. Second, participants liked the shorts
partly because they associated them with exercise and exercise
appears to be well-accepted by PwMS as an important part of
self-management [39-41]. Finally, participants were attracted by
the idea of support that was invisible to others, and reports of
stigma associated with walking aids and other assistive devices
are common in MS [42,43]. Good “anticipated acceptability” would
likely reflect in strong recruitment rates to future trials.
Experienced acceptability was also good, except for some nega-
tive reactions to the appearance of the shorts and restriction of
hip and trunk flexion. It should be remembered that the
extremely positive “anticipated acceptability” may in itself have
led to a positive “experienced acceptability” as a result of expect-
ancy effects.

The importance of improved confidence and perceived walking
ability should not be underestimated because these could lead to
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Table 7. Convergent coding matrix for integration of qualitative and quantitative findings.

Research question Qualitative findings Quantitative findings Integration
Are orthotic shorts acceptable Shorts are acceptable =a logical intervention, Shorts are acceptable = kept by 75% of Convergent
in PwMS? fitted with values, liked and perceived to participants, worn for 86% of time
be effective; disadvantages = restricted hip recommended.
flexion, negatively affected self-image,
minor issues with dressing and undressing
for some participants.
Might orthotic shorts be 1 confidence in walking Improved MSWS-12, Tgait speed, T step Convergent
efficacious for length, | stride time, improvement over
improving gait? time for MSWS-12 and gait speed
Perceived Tcontrol over leg direction | step width, | step width variability Convergent
Walking further and faster Improved MSWS-12, T gait speed, | stride Convergent
time in orthotic shorts
Felt more stable, sturdy, better balance, Improved MSWS-12 | step width, | step width  Convergent
walking smoother and less wobbly variability, | stride time variability, small |
in ML trunk sway
No change in ML pelvic sway Divergent

Lifting legs felt harder especially when
climbing stairs (A, B, G, H, K, L)

Divergent - complementary
Silence in quantitative

1 step length, |stride time variability

Hip flexion activities not measured, e.g., steps
and stairs

For orthotic shorts, worse MSWS-12 scores for
participants B, G, and L; stairs-specific
MSWS-12 question worse rating for G, H,
and L.

Convergent

improved exercise self-efficacy and increased engagement with
physical activity [39]. Mothes et al. [44] demonstrated that an
external device has a more powerful motivating influence in peo-
ple with low self-efficacy in the first instance, which is known to
be the case in MS [45,46].

There are ways in which orthotic shorts could be developed to
further improve acceptability, such as improvements to colour
and design, particularly for female users. It may be possible to
adapt the support to hip extension so that it is at an optimal level

for each individual, balancing support for extension with restric-
tion of hip flexion.

There are a number of ways in which this study has informed
the design of future trials. Firstly, we felt that the placebo gar-
ment comparison was of debateable value. In our study, seven
participants expected a placebo comparator and six correctly
identified the “placebo” shorts. More importantly, our quantitative
findings suggested that the baselayer garment may have had a
measurable effect on step length variability, which is difficult to
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explain as a placebo effect. There may be a proprioceptive
response to the baselayer garment, similar to effects reported for
orthotic joint supports [47]. In other words, the so-called
“placebo” might possess one of the key active ingredients of the
orthotic. A similar issue occurred in a study investigating an orth-
otic sleeve for people with ataxic tremor [48]. Compression gar-
ments, such as those frequently used in sport, are similarly
difficult to research. In response, many compression garment
researchers compare to a “no-intervention” control [11]. Placebo
effects can be minimised by manipulating participant expecta-
tions [49] and using outcome measures that are objective and
less susceptible to changes in voluntary effort. Whilst a valid con-
trol is required in a future trial, we would not recommend simply
comparing an orthotic garment to a “placebo” garment as this
may conceal valid treatment effects.

This study has suggested that the spatiotemporal gait parame-
ters more likely to respond to orthotic shorts are those relevant
to mediolateral stability. Although there was a small improvement
in the anteroposterior gait parameters of step length, stride time,
and self-selected walking speed, these were only small and pos-
sibly explained by increased voluntary effort elicited by improved
confidence or participant expectations. Mediolateral stability is
likely to be closely related to balance and falls risk [50], so a
future study should include a balance measure, possibly as the
primary outcome. It may be worthwhile focussing such a trial on
that subgroup of PwMS described by Filli et al. [5], whose gait is
characterised by instability. Development of screening tools for
identification of gait instability is recommended to identify this
population clinically.

In the present study, orthotic shorts were provided as per the
current practice of the orthotics company, developed through
their clinical experience. One disadvantage of this is that the
shorts provided varied across the participant group. Although we
believe that customisation of side zips and toileting holes are cru-
cial to ensure acceptability, there were no indications that the
“abduction assist” and lumbar support provided any additional
effect compared to the standard shorts. It may be better for a
future trial to use a more standardised intervention and avoid
introducing confounding variables.

Strengths and limitations

The study sample was adequate for gaining insight into a range
of participant experiences. The TFA was a useful theoretical frame-
work for the qualitative study. It highlighted the importance of
factors such as intervention coherence and ethicality that might
otherwise not have been recognised and drew our attention to
the importance of “anticipated acceptability.” The mixed-methods
approach was valuable, enabling increased validity for the claim
that these orthotic shorts are acceptable. Assessor blinding was
successful, with the assessor unable to determine which shorts
were being worn during objective testing.

The main limitation of this study relates to challenges with the
cross-over study design. The investigation into potential efficacy
was mainly informed by the within-day changes because of the
problems with randomisation, improvement in baseline ability,
and the possible proprioceptive effects of the baselayer shorts
comparator. Future cross-over studies that aim to compare two
different orthotic devices should investigate direct orthotic effect
first, with objective assessments conducted within a relatively
short time scale and completed before any home trials, in order
to minimise changes in baseline abilities. It is important to note
that the variability and effect size estimates obtained were from a

relatively small sample size and therefore might over-estimate or
under-estimate the numbers required in a fully powered study.

A further limitation is that the qualitative interviews were con-
ducted by the principal investigator. Although participants’ com-
ments did appear balanced and considered, the relationship
between participants and researcher could have discouraged
negative feedback.

Conclusion

Orthotic shorts might improve gait and participant-perceived
walking ability in PwMS. Spatiotemporal gait parameters appear
to respond more in the mediolateral plane than in the anteropos-
terior plane, with moderate decreases in step width and step
width variability. There was a marked improvement in participant-
perceived walking ability with the shorts that may have been
reflected in the small increases in self-selected walking speed. The
shorts were acceptable to most users who described improved
control, stability, and foot placement. Where the shorts were less
acceptable, this was either related to their appearance or to
restriction of inner-range hip flexion.

To determine whether the orthotic shorts are effective in MS, a
fully powered randomised controlled trial should be conducted.
Our findings suggest that recruitment to such a study would be
strong, and that the primary outcome should measure either
mediolateral stability in gait or functional balance.
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