
Archives of Rehabilitation Research and Clinical Translation (2022) 4, 100166

Archives of Rehabilitation Research and Clinical Translation

Archives of Rehabilitation Research and Clinical Translation 2022;4:100166

Available online at www.sciencedirect.com
Original Research
Perspectives From Persons With Multiple
Sclerosis for a Comprehensive Real-
World Change Therapy for Mobility
Victor W. Mark, MD a,b,c, Ritalinda D’Andrea Lee, PhD d,
Edward Taub, PhD c, Gitendra Uswatte, PhD c,e
a Department of Physical Medicine and Rehabilitation, University of Alabama at Birmingham,
Birmingham, Alabama, United States
b Department of Neurology, University of Alabama at Birmingham, Birmingham, Alabama,
United States
c Department of Psychology, University of Alabama at Birmingham, Birmingham, Alabama,
United States
d Claris Advocates, Georgetown, Texas, United States
e Department of Physical Therapy, University of Alabama at Birmingham, Birmingham,
Alabama, United States
List of abbreviations: BCT, behavior c
COMS, North American Committee of M
Supported by the North American Rese
Disclosures: none
Cite this article as: Arch Rehabil Res Cl

https://doi.org/10.1016/j.arrct.2021.
2590-1095/© 2021 The Authors. Publis
article under the CC BY-NC-ND license
Abstract Objective: To assess the personal perspectives of persons with multiple sclerosis (MS)
on the acceptability of a novel physical therapy program that is designed to transfer gains from
the clinic to their real-world lower extremity (LE) use, termed LE constraint-induced therapy
(CIT). The program includes several behavior change techniques (prescribed home exercises,
daily structured therapist interviews and problem solving for LE activities, keeping an activity
diary) and a concentrated physical treatment schedule.
Design: Anonymous internet survey.
Setting: Participants accessed the survey from computers in the community.
Participants: Five hundred adults (N=500) were recruited from an MS support organization’s
registry for having indicated from mild to total limb spasticity because they were anticipated to
have markedly impaired LE use in the community.
Interventions: Not applicable.
Main Outcome Measures: Participants were offered the options on a nonnumerical Likert scale of
“Very likely,” “Likely,” “Neutral,” “Unlikely,” or “Very unlikely” to indicate their personal
acceptability for each of 5 different key treatment procedures after these were explained.
Totals for each option within each key procedure were analyzed for their acceptability.
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Results: Of the 281 persons who responded, 90% expressed interest in participating in LE CIT. A
large majority of persons who completed the survey selected either “Very likely” or “Likely” for
each key procedure (median=88%, range=65%-90%, P<.01). This indicated strong acceptance for
the procedures of LE CIT. In addition, more respondents who already had had previous physical
therapy accepted LE CIT than did respondents who had not had physical therapy (P<.01).
Conclusions: The results suggest there is strong acceptance of CIT for mobility with preliminary
evidence of benefiting community LE use for persons with MS. The results support further clinical
trials of LE CIT for persons with MS.
© 2021 The Authors. Published by Elsevier Inc. on behalf of American Congress of Rehabilitation
Medicine. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
This study aims to understand whether mobility-disabled
persons with multiple sclerosis (MS) would accept a novel,
comprehensive form of physical training to improve sponta-
neous lower extremity (LE) use when given as a concen-
trated treatment schedule that includes a prescribed set of
behavior change techniques (BCTs). The intervention was
designed to transfer gains from supervised LE physical train-
ing in the clinic to unsupervised spontaneous LE use in the
community.

From the perspectives of persons with MS, degraded
mobility is one of the most devastating effects of the
disease.1,2 Managing impaired mobility is critical because
their level of physical activity is generally lower than that of
the general population.3 Physical inactivity in turn is gener-
ally linked to diverse comorbid illnesses and increased
health care costs.4,5 These findings warrant attention
because the worldwide prevalence of MS has been rising for
the past several decades for unclear reasons.6 Because there
is as yet no generally accepted standard of evidence-based
physical rehabilitation for MS, it is urgent to identify and
test promising forms of rehabilitation that can improve
mobility in the community for appreciably long periods for
persons with MS.

For the past 40 years, physical training research for MS
has focused on lessening bodily impairment.7 Training regi-
mens were directed to increase limb power, walking speed
and endurance, and general physical fitness.8,9 Accordingly,
the most common forms of physical training in MS clinics are
aerobic exercise, progressive resistance training, stretching,
balance training, and respiratory training.10 Outcome meas-
ures have primarily assessed maximal motor capacity within
controlled laboratory environments (eg, timed 25-foot walk-
ing test, timed Up and Go, knee extension power). More
than 200 clinical trials of physical training for MS to date
have followed this course.11 However, despite the substan-
tial number of physical training trials for MS completed over
the past decade, chronic physical inactivity of persons with
MS has not budged.12-14 Although degraded mobility is a pri-
mary concern for persons with MS, such trials have only
rarely assessed mobility in the community, thus leaving
uncertain how such interventions may be related to the per-
sonal perspectives of persons with MS.

In contrast, in recent years a small but growing number of
therapies have aimed to change habitual self-care behav-
iors. Their research programs have been developing and
testing therapies that used BCTs, which ideally target behav-
iors that are personally relevant in the community, using
replicable techniques that include validated outcome
measures15 and prescribed unsupervised practice in the real
world.16 Common techniques include behavioral contract-
ing, goal setting, feedback, self-monitoring, motivational
counseling, and problem-solving discussions with the treat-
ment personnel.17-19 In the view of MS stakeholders, incor-
porating personal perspectives in the content of a physical
therapy and focusing attention on actual real-world behav-
ior are essential to prolong posttreatment behavioral
changes.20

Outpatient therapies that used BCTs to improve physical
activity for MS have typically been scheduled for 12 weeks
or more and seldom included supervised physical training.21

However, although these trials were usually immediately
successful, the gains were generally not retained more than
3 months.22 An exception was a concentrated form of super-
vised physical therapy that applies BCTs and immerses
participants in systematically prescribed, unsupervised
activities outside of the laboratory or clinic. LE constraint-
induced therapy (CIT) combines supervised massed, task-ori-
ented physical LE practice for 3.5 h/d for consecutive week-
days for 3 consecutive weeks with BCTs. The techniques
include behavioral contracting, goal setting, feedback, pre-
scribed unsupervised home practice of activities, self-
monitoring (including daily activity diary keeping and
reporting on compliance with homework task assignments),
daily administration of a structured interview, motivational
counseling, and regular problem-solving discussions with the
therapist.23 In a case series of persons with chronic mobility
disability from progressive MS (N=4),24 the participants sig-
nificantly gained on the Lower Extremity Motor Activity
Log,25 a validated patient-reported outcome of LE use in the
community, with a very large treatment effect size (d’)=3.3.
Moreover, there was no decrement at 1-year follow-up, and
2 participants maintained their gains out to 4-year follow-
up. This case series suggests that LE CIT is safe and can pro-
duce improved spontaneous LE use in the community on a
persistent basis.

Because most therapies that have applied BCTs for MS are
given for several weeks with sessions spaced a day to a week
apart, consistent with conventional outpatient physical
therapy schedules,26 we wished to understand whether
mobility-impaired persons with MS would accept LE CIT,
which is given daily, 3.5 h/d, 5 consecutive weekdays each
week, for 3 consecutive weeks (52.5 hours of treatment).
On the one hand, the relatively short schedule that marks LE
CIT could mitigate the risk of attrition during treatment.27

On the other hand, the concentrated and comprehensive
treatment might be difficult for some persons with MS to
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accommodate. Despite the concentrated treatment sched-
ule and multiple components included in LE CIT, we hypothe-
size that a majority of persons with impaired mobility from
MS would accept LE CIT. The results of this study of stake-
holders’ perspectives could help to indicate whether future,
more expanded clinical trials of LE CIT for MS could be
recommended.
Methods

This study was supported by the North American Research
Committee on Multiple Sclerosis (NARCOMS). This organiza-
tion maintains a registry of approximately 38,000 individuals
who have self-reported MS and agreed to participate in sur-
veys. At present PubMed lists 103 such survey studies since
2004. The institutional review board of the investigators’
university approved this study.

NARCOMS facilitated this survey for the present study by
randomly selecting 500 individuals who (1) were living in the
United States, (2) reported a spasticity score from 2-5
(2=“mild,” prompting modest changes of activities; 5=“total,”
indicating daily interference with many self-care activities),28

and (3) were not participating in other NARCOMS studies.
Although the participants who were readily available for this
survey had reported specifically their level of spasticity rather
than impaired mobility, it was anticipated that mild-severe
spasticity would be associated with ambulatory difficulty, as
was found in a prior NARCOMS survey.29

A cover letter was emailed to the 500 individuals, which
indicated that LE CIT had preliminarily improved community
walking in MS and asked recipients for their opinions con-
cerning participating in a possible clinical trial for this treat-
ment. Survey responses were collected anonymously with
survey.monkey, which assured the recipients that the results
would not be used to enroll them as potential participants.

The internet survey was designed to require no more than
5 minutes. One of the authors (R.D.L.) herself has MS, is
impaired in mobility, and participated in designing the sur-
vey. Recipients were first asked to indicate whether they
ever had physical therapy for MS. The next question asked
whether the recipient would be interested in participating
in a physical therapy that has research evidence suggesting
it could improve walking if it were made available at no
cost. Recipients who responded “no” were asked not to con-
tinue the survey.

The next question addressed procedures of LE CIT. For
brevity, we selected 5 key procedures. Each was to be
answered from a Likert scale without associated numerical
point values with one of the following options concerning
how likely the participant would undergo the specific proce-
dure: “Very likely,” “Likely,” “Neutral,” “Unlikely,” or “Very
unlikely.” The selections of either “Very likely” or “Likely”
will be considered together to indicate acceptance of each
procedure. The key procedures were (1) “Going to the physi-
cal therapy site 5 days a week for 3.5 hours each weekday
for 3 weeks,” (2) “Doing specific activities with the legs out-
side the treatment setting that are assigned for each day of
the 3-week therapy period,” (3) “Being interviewed by your
therapist each day of the 3-week therapy period about how
well you are using your legs,” (4) “Having a 30-minute prob-
lem-solving discussion with your therapist on each day of
treatment to solve any difficulties with your leg use,” and
(5) “Keeping an activity diary during your 3-week participa-
tion in the program.”

The survey’s final questions requested the participant’s
year of birth, year of MS diagnosis, the subtype of MS as
understood by the participant, and the participant’s sex.

Data analysis

Chi-square goodness-of-fit tests were used to evaluate
whether participants expressed a preference for taking part
in a study of LE CITand would be likely to carry out the 5 key
procedures. In formal terms, the chi-square tests evaluated
whether the observed distribution of responses to a particu-
lar question were significantly different from a perfectly
random distribution, that is, an equal number of participants
endorsing each degree of preference. A Bonferroni correc-
tion was applied to these statistical tests, that is, a was set
to 0.01, because responses regarding how likely participants
were to carry out the key procedures were likely to be corre-
lated. Fisher exact tests were used to evaluate whether how
likely participants were to carry out the 5 key procedures
depended on experience with physical therapy; a was set to
0.01. Test statistic and df values are not reported for the
Fisher exact test because their calculation is unnecessary
for this test. Fisher exact tests are used instead of chi-
square tests of independence because the expected value of
some of the cells in the contingency analysis tables was
<5.30 Statistical Analysis Softwarea was used to conduct
these tests. Other aspects of the data were characterized
using descriptive statistics. This study was approved by our
university’s institutional review board.
Results

A total of 281 persons responded to the survey, that is, 56%
of the 500 who were contacted to participate. The majority
(77%) of the responders indicated that they had physical
therapy for their MS. In response to the query whether they
would consider a course of physical therapy with research
evidence to benefit walking if it were offered at no cost, the
interest was strong (x2 [1, n=281]=177, P<.05). Ninety per-
cent endorsed participation in such a treatment. The
remainder did not, either because they did not need such
treatment (n=15) or were not interested (n=14).

Of the 252 who endorsed the treatment, a small number
(n=11) did not complete the survey. Those who both
endorsed participation in LE CIT and completed the survey,
heretofore referred to as survey completers (n=241, or 48%
of the total), were primarily women (73%) and had a mean
age of 58§8.6 years (range, 31-79 years). Survey completers
reported that they had either relapsing-remitting MS (52%),
secondary-progressive MS (38%), primary-progressive MS
(10%), or did not select a specific condition (8%). The mean
chronicity of MS disease was 19.0§9.4 years.

Table 1 summarizes the distribution of the acceptability
of the 5 key procedures of LE CIT that were presented. As
shown by table 1, the majority of the survey completers
selected either “Very likely” or “Likely” options for each of
the 5 key procedures, thus indicating of their strong



Ta
bl
e
1

D
is
tr
ib
ut
io
n
of

de
gr
ee

s
of

ac
ce

pt
an

ce
by

su
rv
ey

co
m
pl
et
er
s
(n
=2

41
fo
r
al
lp

ro
ce

du
re
s)

fo
r
un

de
rg
oi
ng

5
ke

y
pr
oc

ed
ur
es

of
LE

C
IT

Sc
he

du
le

D
ai
ly

PT
fo
r
3
w
k

H
om

e
Ex

er
ci
se
s

D
ai
ly

In
te
rv
ie
w
Re

al
-W

or
ld

Le
g
U
se

Pr
ob

le
m
-S
ol
vi
ng

D
is
cu

ss
io
n

A
ct
iv
it
y
D
ia
ry

Re
sp
on

se
n

%
n

%
n

%
n

%
n

%

Ve
ry

lik
el
y

10
2

41
.6

14
6

59
.8

15
4

63
.4

14
3

59
.1

14
2

58
.5

Li
ke

ly
58

23
.7

74
30

.3
62

25
.5

59
24

.4
77

31
.7

Su
bt
ot
al

16
0

65
.3

22
0

90
.1

21
6

88
.9

20
2

83
.5

21
9

90
.2

N
eu

tr
al

27
11

.0
16

6.
6

18
7.
4

27
11

.2
19

7.
8

U
nl
ik
el
y

34
13

.9
5

2.
0

5
2.
1

10
4.
1

2
0.
8

Ve
ry

un
lik

el
y

24
9.
8

3
1.
2

4
1.
6

3
1.
2

3
1.
2

Su
bt
ot
al

85
34

.7
24

9.
8

27
11

.1
40

16
.5

24
9.
8

To
ta
lc

om
pl
et
er
s

24
5

24
4

24
3

24
2

24
3

N
O
TE

.
“
Su

bt
ot
al
”
ro
w
s
su
m

th
e
pa

rt
ic
ip
an

ts
fo
r
ea

ch
ke

y
pr
oc

ed
ur
e
w
ho

on
up

pe
r
ro
w

se
le
ct
ed

ei
th
er

“
Ve

ry
lik

el
y”

or
“
Li
ke

ly
,”

th
us

in
di
ca

ti
ng

to
ta
ls
w
ho

ac
ce

pt
ed

ea
ch

pr
oc

ed
ur
e,

an
d
on

lo
w
er

ro
w
,
pa

rt
ic
ip
an

ts
w
ho

di
d
no

t
ac

ce
pt

ea
ch

pr
oc

ed
ur
e.

A
bb

re
vi
at
io
n:

PT
,
ph

ys
ic
al

th
er
ap

y.

Table 2 Percentage of participants indicating whether they
would be likely to participate in an LE CIT trial by PT history

Have had PT Not Have Had PT

Participate in LE CIT Trial n % n %

Yes 202 93.5 49 76.6
Not needed 8 3.7 7 10.9
Not interested 6 2.8 8 12.5
Total respondents 216 64

Abbreviation: PT, physical therapy.
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acceptance of the procedures of LE CIT. The Schedule proce-
dure, indicating treatment for 5 d/wk, 3.5 h/d, for 3 weeks,
had the least of “Very likely” and “Likely” responses, but
nonetheless this procedure was accepted by 65% of the
respondents.

The other 4 key procedures were more strongly accepted
by the survey completers, ranging from 82%-90% accep-
tance. The median acceptance (ie, proportion of respond-
ents who selected either “Very likely” or “Likely”) across
the 5 procedures was 88%. For all 5 procedures, the distribu-
tion of responses was significantly different from a uniform
distribution, that is, one that reflected no preference (x2 [4,
n≥242]>86, P<.01).

There was a marked difference in the distribution of
those expressing interest in participating in an LE CIT
research trial in relation to whether the respondents already
had physical therapy (P<.01, n=280). As shown by table 2,
respondents who already had physical therapy strongly
endorsed participating in the projected research study,
while those who had not had physical therapy indicated less
interest in undergoing the projected research, although
most of the latter group also expressed interest in such par-
ticipation.

The distribution of the responses regarding acceptance of
the individual key procedures also changed markedly when
considering whether completers had already undergone
physical therapy (table 3). Regarding the Schedule, the pro-
portion of completers who responded with either “Very
likely” or “Likely” was 72% among those with physical ther-
apy experience, while it was 45% among those without physi-
cal therapy experience (P<.01). For 2 of the other
procedures, the effect of history of physical therapy on the
acceptance rate was significant (P<.01); 92% of participants
who had physical therapy accepted undergoing daily inter-
views compared with those without physical therapy (80%);
87% of participants who had physical therapy vs 71% without
physical therapy endorsed problem-solving discussions. For
the other 2 procedures, there was a trend of effect of physi-
cal therapy experience on acceptance rates: home exercises
(93% of those with physical therapy vs 82% of those without
physical therapy, P=.03) and maintaining an activity diary
(93% of those with physical therapy vs 80% of those without
physical therapy, P=.01).
Discussion

A significant majority of the participants in our study who
completed the survey accepted all of the 5 key procedures



Table 3 Percentage of survey completers likely or very
likely to undergo key LE CIT procedures by PT history

Have had PT Not have had PT

Procedure n % n %

Schedule 138 71.5 22 44.9
Home exercises 180 93.3 40 81.6
Daily interviews 177 91.7 39 79.6
Problem solving 167 86.5 35 71.4
Activity diary 180 93.3 39 79.6
Total completers 193 49

Abbreviation: PT, physical therapy.
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of LE CIT that were presented. The positive pilot findings of
LE CIT24 coupled with the findings of the present study sup-
port expanded clinical trials of LE CIT for persons with MS.

Most of the participants in our study had undergone physi-
cal therapy, yet 90% of the respondents expressed interest in
participating in physical rehabilitation research. This high
level of interest may reflect a perception among survey
respondents either that their physical therapy had not been
adequate to improve their mobility or that the novelty of LE
CIT may persuade respondents to undergo this comprehen-
sive program. In a prior survey of NARCOMS registrants on
their perspective of their spasticity treatment, which
included physical therapy, a considerable majority viewed
the treatments as inadequate.29 Because the great majority
of physical rehabilitation trials have not reported sustained
improved LE use in the community, which is highly important
from the perspective of persons with MS, further research is
needed to evaluate the efficacy of behavior-based methods
of physical training over the long-term.

LE CIT differs considerably from other forms of physical
rehabilitation, both in its content and schedule. The general
CIT program, whether for the upper extremities or the LEs,
does not simply involve intensive practice with the more
impaired limb(s). Instead, it combines supervised massed
practice with other techniques derived from evidence-based
behavioral science,31 which focus on improving LE use in
everyday situations outside the treatment setting.

LE CIT is generally provided daily, several hours each
weekday, over 3 consecutive weeks. In our studies of LE CIT,
the real-world gains do not maximize until the third week of
treatment, which supports the length of the course. The
treatment is administered over consecutive weeks, rather
than in a more distributed schedule, to mitigate the possibil-
ity of an attenuated outcome resulting from participant
attrition (eg, because of interruption and rescheduling
treatment because of illness or therapist vacation or
changes in availability of transportation).27 Fatigue ratings
at the end of the 3 weeks of treatment either did not change
or declined in our case series of LE CIT, compared with the
pretreatment levels.24 This suggests that the treatment gen-
erally does not aggravate fatigue, which is consistent with
other forms of physical training for MS.32

This concentrated treatment schedule was less endorsed
by the responders than for the other key practice points that
were evaluated, although a significant majority of survey
completers nonetheless accepted the schedule as was
described. The concentrated dose of LE CIT may be difficult
for some persons with MS, particularly if they are employed
or reside far from the treating facility. At present it is unde-
termined whether changing the schedule of LE CIT for MS
may affect the results, although our research with upper
extremity CIT after stroke (unpublished results) or MS33 sug-
gests that a more distributed schedule of treatment does
not diminish outcome.

Study limitations

Participants were selected primarily because they had com-
plained of LE spasticity rather than limited mobility per se.
However, as noted, the majority of participants who have LE
spasticity also have impaired mobility.29 Therefore this sam-
ple may be considered representative in general of persons
with MS who have impaired mobility.

This internet survey was designed such that it did not
inquire the demographic characteristics of individuals who
declined to participate, to minimize their time investment.
As a result, this study is unable to describe the demographic
characteristics of those individuals who declined to com-
plete the survey, and thus we cannot determine whether
demographic variables may have affected their interest to
undergo the survey.

The participants were asked to answer the survey ques-
tions supposing that treatment would be provided without
charge as part of a study. The provision of treatment at no
personal cost is standard for research clinical trials. It is pos-
sible that the acceptability of the treatment could have
been different if participants were required to arrange pay-
ment for their treatments. The cost of CIT has been raised
as a barrier to treatment34 because it is labor intensive and
many American insurance programs do not reimburse for it.
Although the American health care system generally does
not reimburse for treatment involving extensive therapist
time and effort, such restrictions may not apply to other
parts of the world. According to a recent survey, 25% of Euro-
pean MS rehabilitation clinics offer CIT.10 Telemedicine
adaptations of upper extremity CIT have preliminarily been
successful, pointing to ways to control cost and improve
access to treatment.35,36 These advances may support later
trials to adapt telemedicine methods for LE CIT.
Conclusions

This survey found that persons with MS and moderate-severe
spasticity would accept a comprehensive physical therapy
that would combine intensive supervised physical training
with several BCTs. It will be important to further develop
physical therapy programs to improve mobility in the com-
munity for persons with MS, given the limited progress for
improving mobility following the more widely practiced
forms of bodily impairment training or forms of therapy that
applied BCTs without supervised task-oriented training. The
present study suggests that in a research setting, LE CIT
would be strongly accepted by persons with MS.
Supplier

a. Statistical Analysis Software, SAS Institute, Gary, NC.
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