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Objective: To determine the feasibility of
conducting an 8-week physical therapist (PT)guided tele-rehabilitation (TR) program for
persons with multiple sclerosis (MS) and mobility
deficits.
Design, setting, and participants: This
feasibility study had a pre–post-intervention,
non-randomized design. Nine subjects with
a confirmed diagnosis of MS without a
clinical exacerbation in the last year were
selected from the MS Center of Excellence at
UF Health Jacksonville (UFHJ). Inclusion
criteria included demonstrated mobility
deficits on initial examination, basic computer
competency, and a home with high-speed
internet connection. Examinations were
performed face-to-face, pre–post-intervention
in the Neurology Research Clinic at UFHJ.
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TR was delivered to the patient’s homes in
Florida and South Georgia.
Intervention: An informed consent was
obtained prior to initial examination. Selfreported measures included quality of life
(QOL) and fatigue. Mobility measures included
timed 10-m walk, five times sit to stand, and
Berg balance scale. Following inclusion, home
safety was evaluated and computer equipment
was installed. TR intervention utilized the
Jintronix® web-based platform system with
a kinetic camera that demonstrated selected
exercises by an avatar, allowing for real-time
feedback on the quality of performance as well
as tracking of adherence. The individualized
exercises were assigned by the evaluating
PT based on the initial assessment. Subjects
participated in weekly TR visits with the
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prescribing PT to further monitor and adjust
the therapy program.
Main outcome measures: Primary outcome
measures were patient satisfaction, safety, and
compliance. Secondary outcome measures were
projected travel cost, self-reported fatigue and
QOL, and mobility testing measures. To compare
the TR effect on mobility, a comparator persons
with MS group was selected retrospectively.
Eight persons with MS referred from the MS
Center at UFHJ for outpatient (OP) PT from
January 2018 through September 2019 were
identified by UFHJ electronic database search
for ICD 10 code G35. The inclusion criteria for
mobility deficits and functional measurements
were the same as those in TR group.
Results: Eight subjects completed the TR
program with no adverse events. They reported
satisfaction, demonstrated compliance, and saved
$8,487 in projected travel costs. All TR subjects
noted improvement in self-reported fatigue, QOL,
or mobility measures. Improvement in mobility
measures had wide variability but did not differ
between TR and OP groups.
Conclusions: The 8-week PT-monitored TR
program was shown to be feasible, safe, and
well received by persons with MS. Larger
studies focused on specific dysfunction leading
to mobility deficits and longer intervention times
will be necessary to determine efficacy.
BACKGROUND
Multiple sclerosis (MS) is a multifocal disease of
the central nervous system, often producing
variable and long-standing symptoms that may
lead to disability, including loss of mobility.
Diminished mobility not only reduces functional
independence but can also lead to obesity and
cardiovascular disease associated with a
sedentary lifestyle. Furthermore, mobility deficits
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and increased risk of falling are identified in
approximately 75% of persons with MS.1 The
goal of neuro-rehabilitation often focuses on the
reduction of impairments affecting function,
activities of daily living, personal activities, and
social participation in order to allow for
increased independence along with improvement
in disability level and quality of life (QOL).1–3
There is limited efficacy for disease-modifying
therapy (DMT) to prevent the accumulation of
long-term disability in MS.4 Only two DMTs have
demonstrated a significant effect on the progressive
phases and accumulated disability in MS.5,6
Evidence demonstrates the benefits of exercise
training for persons with MS for improvement in
walking, fatigue, cognition, fitness, anxiety, and
depression.3–4,7–9 Studies have also found that
exercise training can result in lower annual relapse
rates for persons with MS compared with a control
group.10 Therefore, utilization of neuro-rehabilitation
may be an adjunctive strategy to reduce
exacerbations, improve disease management, and
slow accumulated disability in MS.
Although studies reveal the importance of
incorporating a multidisciplinary approach of care
for persons with MS, including rehabilitation,
barriers including coverage and access to highly
trained specialists continue to persist. Access is
further limited for persons with mobility deficits,
who either live in remote areas or do not have
access to transportation services. Tele-rehabilitation
(TR) may provide an option for these individuals to
access important rehabilitation services.
The recent coronavirus (COVID-19) pandemic
highlights the need for improved options in
access to rehabilitation services. The Centers for
Medicare and Medicaid Services (CMS) recently
made temporary exceptions to providers who can
be included in reimbursement for telehealth
services, including physical therapist (PT)
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delivered by two-way, real-time interactive
communication between the patient at home and
provider at a distant site.11
Tele-video and distance technology are shown to
be feasible and well received by persons with
mobility disorders, including MS in Veteran’s
Administration studies.12,13 However, studies
specific to the use of TR continue to be limited. A
literature review published in 201914 cited a total
of six articles published on the use of TR for
persons with MS. One study examined the effect
on upper extremity function,15 whereas the
remaining studies examined the effect on lower
extremity function.12,16–19 None of the lower
extremity studies examined the effect on QOL,
fatigue, and mobility measures in the same
individuals. Furthermore, only one study included
a virtual live component to the TR program or an
intervention-based comparator group.19
The purpose of this study was to explore the
feasibility of delivering home-based, PT-guided TR
to persons with MS and mobility deficits. In
addition, we provided data on the effect size and
variability of mobility measures, which might be
useful for future studies of efficacy for the use of
PT-guided TR. An outpatient (OP) treatment group
was selected retrospectively to compare the groups’
mobility outcome scores, as well as to suggest
guidelines for the delivery mode of rehabilitation
most appropriate for individual patients. These
results will help to determine the selection of
persons with MS for specific mobility deficits,
group size, and length of intervention necessary to
demonstrate efficacy. The intervention portion of
this study was completed prior to the beginning of
the COVID-19 pandemic.
METHODS AND FINDINGS
TR Intervention
Subjects were recruited from the MS Center of
Excellence at UF Health Jacksonville (UFHJ)
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from among 350 persons with MS being followed.
The project was approved by the University of
Florida Institutional Review Board (study
#201702552). Funding was provided by a Dean’s
Grant program from the College of Medicine,
University of Florida, Jacksonville, United States.
Nine subjects with a confirmed diagnosis of MS
were enrolled (six subjects with relapsing MS with
disability and three subjects with primary
progressive MS). All were clinically stable
without a documented clinical exacerbation within
the last year. All subjects demonstrated mobility
deficits that included medium to high fall risk on
the Berg balance scale (BBS), below normal
performance on the five times sit-to-stand test
(5XSTS), or a gait speed below normal on the
10-m walk test (10MWT). All enrolled subjects
continued current disease modifying therapy.
However, those who were actively taking Ampyra
(dalfampridine) were excluded due to the possible
effect on ambulation scores during the study.20,21
Candidates were also excluded if they
demonstrated inability to perform five unassisted
sit-to-stand exercises from a chair with handles,
inability to ambulate 10 m with an assistive device
and without physical aide, inability to safely
maintain sitting balance without physical assist, or
if findings on a mini mental state exam (MMSE)
were consistent with moderate-to-severe dementia.
Ability to communicate in English, to view a
computer-based system (appropriate visual acuity
with correction if needed), access to a home,
high-speed internet connection, and basic
computer competency were required.
After consenting to participate, an initial face-toface assessment was performed by a boardcertified neurologist at the UFHJ Neurology
Research Clinic to determine if the subjects met
the inclusion criteria and had no other
neurological deficits that would interfere with the
functional measures. One of the two boardcertified MS-specialized PTs at UFHJ evaluated
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lower extremity strength (manual muscle
testing), reflexes, tone (spasticity),22
proprioception, light touch sensation and
coordination in order to establish baseline, and
need for initiation of exercise program.
Functional evaluation included the 10MWT,23,24
5XSTS,25 and BBS.26,27 QOL and fatigue were
both measured by self-reported questionnaire.
QOL was assessed on the MS Impact Scale
(MSIS-29)28 and fatigue measured on the
Modified Fatigue Impact Scale.29 The
neurological assessment included a standard
neurological assessment and MMSE.
Once initial assessment was complete, the nine
subjects were contacted by one of the two
participating study registered nurses (RNs) to
schedule in-home installation of the TR
equipment. Subjects resided in rural and urban
areas of Florida and South Georgia. Computer
equipment used was a common, off-the-shelf
gaming computer system with a kinetic camera
and a web camera. The study RN installed the
equipment and assessed the safety of the exercise
area to used. Fall and trip hazards were removed,
and confirmation of adequate room space and
lighting was ensured. The RN then instructed the
subject (and caregiver if available) on the use of
the equipment. A “cheat sheet” guide was also
provided to the subjects, including utilization
instructions, log-in instructions, and contact
numbers for communicating with the RNs to
trouble shoot connection difficulties if they were
to occur.
A personalized exercise program was prescribed
by the evaluating PT based on the initial face-toface assessment. Each program was designed to
address the impairments and mobility deficits
identified at assessment. The exercises were also
designed to address an individual’s balance status
for safety. Therefore, exercises were prescribed
either in sitting or standing and modified to
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include handhold assist when needed. Each
subject was prescribed between six and eight
initial exercises to mirror a typical outpatient
home program. The computer setup facilitated
use of the Jintronix® web-based platform.30–32
The platform allowed the treating PT to select,
assign, and monitor frequency of equipment
usage and performance of exercises. It also
provided demonstration of the selected exercises
by an avatar, which the subjects would then
mimic for performance and repetition. The
program and kinetic tracking system further
provided feedback to the subjects on quality of
motion and speed of task. Subjects were required
to perform the exercise program at least twice a
week. However, they had access to the program
throughout the week and were advised to
perform as much as desired unless fatigue,
spasticity, or pain worsened.
Once weekly, one of the two MS-certified PTs
participated in a live, webcam-based TR session
to remotely observe the subjects’ performance of
the exercise program and to make modifications
of the program as needed. These modifications
included adjustments to the difficulty of the
exercises, type of exercise, or adjustment of
number of repetitions as needed. Within 2 weeks
of finishing the 8-week TR program, each subject
returned to the clinic for the same face-to-face
assessment performed initially.
Comparator Outpatient Subjects
Following the completion of the intervention
portion of the study, a comparator OP
rehabilitation group (OP) was selected to
retrospectively compare the effect of PT on
mobility between the groups. Subjects with a
confirmed diagnosis of MS seen at the UFHJ OP
rehabilitation clinic from January 2018 through
September 2019 were identified through an
electronic database search for ICD 10 code G35.
All subjects selected were seen by the same PTs
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who had also performed the evaluation and
treatment for the TR group and met the same
inclusion criteria for mobility dysfunction as
those used to select TR. Demographic
information on each group is shown in Table 1.
The chart review included scores for testing,
including lower extremity strength (manual
muscle testing), reflexes, tone (spasticity),
proprioception, and light touch sensation and
coordination. Functional evaluation included the
10MWT, 5XSTS, and BBS. Data were then
reviewed for effects on mobility. Data were
summarized using means and standard
deviations. Differences from pre- to postintervention were analyzed using the Signed rank
test, and the differences between changes in the
two groups were analyzed using the Wilcoxon
rank sum test. The level of significance was set at
0.05.
RESULTS
Feasibility
Eight of the nine enrolled TR subjects completed
the 8-week program. The one subject who did
not complete the intervention was dropped due to
the reported and continued difficulty with the use
of technology. No adverse events, falls, or
injuries were noted during or following the
completion of the program. Following the
Table 1. Demographic Information.
Variable
Category
TR
Group
Gender
F
6 (75)
M
2 (25)

completion of the study, all TR subjects also
completed a phone survey. The survey reviewed
the subjects’ perception of feasibility, barriers to
use, and travel time saved by using the TR
program compared with attending OP
rehabilitation. The overall quality and value of
the TR experience was highly rated by all
participants. Specifically, training in the use of
the Jintronix® program, ease in operation of the
equipment, and availability and feedback from
the weekly observations by the PT were reported
as excellent.
Review of the projected travel cost for the eight
subjects was determined by GPS distance from
home to UFHJ in miles multiplied by $0.56
(standard mileage reimbursement rate) and
amounted to a combined patient travel savings of
$8,487.23 for eight weekly in-person
appointments with a MS-certified PT. No show
rate was also compared between groups. Whereas
no visits were missed (by cancelation or no
show) in the TR group, a total of six visits were
missed in the OP group.
Function
All TR subjects demonstrated an improvement in
at least one mobility score that met the established
minimum detectable change (MDC)33–35 (Table
2). Comparisons of pre- and post-intervention

OP Group

Overall

P-Value

7 (88)
1 (13)

13 (81)
3 (19)

0.999*

*Fisher’s exact test

Variable Group N Mean Standard Min 1st Quartile Median 3rd Quartile Max P-Value
Deviation
Age
TR
8 55.63
10.29
40
47.5
57
62
72 0.205**
OP
8 49.13
11.78
33
36.5
55
57.5
62
**Wilcoxon’s Rank Sum Test
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5/8
10MWT
p=0.0625

p=0.4008

6/7
BBS
p=0.6849
p=0.0156*

7/8

5/8

3/8

5XSTS

BBS

10MWT
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^Signed rank test; &Wilciaxon rank sum test; *Statistically significant. BBS, Berg balance scale; 5XSTS, five times sit-to-stand test; 10MWT, 10-m walk test

p=0.0547

P=0.0156*

p=0.1563
4/8
p=0.0078*

p=0.9999

5XSTS

Mean Change ±
Standard
Deviation
6.64 + 11.2
SECONDS
11.2 + 5.04
POINTS
0.17 + 0.18
m/s
Significance&

Mean Change ±
Standard
Deviation
4.78 ± 1.64
SECONDS
10.64 ± 6.16
POINTS
0.12 ± 0.17
m/s
Number
Met Mdc

Table 2. Mobility Scores Comparison
Telerehab Group

Significance^

Difference In Changes
Between Groups

Number
Met Mdc

Outpatient Group

Significance^
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scores showed statistically significant
improvement for 5XSTS and BBS (Table 2).
Self-reported fatigue and QOL scores were also
reviewed. All subjects reported improvement in
self-reported fatigue. Six out of eight subjects
also reported improvement in self-reported QOL
(Table 3).
The comparator OP group demonstrated either
improvement or stability following an 8-week PT
intervention. All but one subject demonstrated an
improvement in at least one mobility score that
met the MDC. However, only BBS scores were
found to have a statistically significant change
(Table 2). When TR was compared with OP, no
statistically significant differences were found
between changes in mobility scores for either
10MWT, 5XSTS, or BBS (Table 2).
DISCUSSION
Previous studies demonstrate the positive effect
that rehabilitation can have on mobility and QOL
for persons with MS. However, very few studies
have examined the use of TR in this population.
The unique aspects of the MS disease process
require ongoing and specialty care to best
prepare the individual for the changing
symptomology and progression of the disease.
This often includes mobility deficits, worsening
fatigue, and changes to QOL. These individuals
also often have difficulty with transportation or
access to skilled therapy services in their area.
Furthermore, the recent COVID-19 pandemic
highlights the need for alternative modes of
delivery for persons who are in need of
rehabilitation. TR offers the opportunity to
decrease the travel time and cost. While this
study required specific computer system
installation for participants, future TR setups
may include the use of patient’s home devices,
therefore decreasing or eliminating installation
cost. TR also provides an opportunity for
improved access to therapists with specialized
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Table 3: Quality of Life and Fatigue Scores
Number With Self
Reported Improvement
MSIS-29
6/8
Fatigue Scale
8/8
^

Mean Change ± Standard
Deviation
14.75 ± 21.81
14.75 ± 9.59
POINTS

Significance^
p=0.0859
p=0.0078*

Signed rank test; *Statistically significant

training or advanced certifications. The lower no
show rate in the TR group can be explained by
the convenience of performing TR in the home
instead of traveling to a distant site. However,
another contributing factor may be in the use of
the Jintronix® system. A previous study on the
use of gaming in conjunction with rehabilitation
reported that “key factors” in game design,
including choice, reward, and goals, lead to
increased motivation and engagement.36
While this study was underway, another TR study
was published.37 That pilot study also examined
the feasibility and use of TR for persons with
MS. Overall findings mirrored that findings for
this study in that TR were found to be feasible
and there were no significant differences between
the TR and OP groups for the functional outcome
measures examined. However, the dosage of
intervention, method of administration, and
patient selection between studies were different.
Furthermore, both studies included the use of the
BBS to assess balance and fall risk. However,
initial mean pre-intervention score for this study
was 32.5/56 compared with 43.25/56 in the
other,37 indicating lower starting mobility for this
subject population.
This study included a weekly live PT-guided TR
session with the use of the Jintronix® platform to
assist with biofeedback. Subjects were also
required to perform the exercises using only the
Jintronix® platform at least one additional session
a week. All subjects performed the exercises
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between three and five times per week pointing
to increased adherence and compliance with the
exercise program.
Selection guidelines for TR for the neurological
population have yet to be established. We are
not aware of any studies to date comparing the
change in mobility scores for persons with MS
between TR and OP groups, looking specifically
at mobility related to transfer. Although this
study did not demonstrate a statistical difference
in change in mobility scores between groups, it
did identify possible trends that could facilitate
future selection of patients for the use of TR.
One such comparison was noted when
examining how many subjects in each group
demonstrated improvement in their mobility
scores to meet the established MDC. While
seven of the eight subjects in the TR group met
the MDC for the 5XSTS score, only four of the
eight subjects demonstrated that improvement
in the OP group. Conversely, the subjects in the
comparator group showed only statistically
significant improvement in BBS scores. This
suggests that although no statistical difference
was noted between groups, patients in the TR
group seemed to improve more with the
functional task of sit to stand while the OP
group did not. In this feasibility and exploratory
study, the number of patients in each group was
small and variations in pre-intervention scores
were large. These trends, therefore, should be
viewed with caution but are consistent with the
MDC results for each group.
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The findings may also be related to the specific
interventions performed in each setting. For
example, the TR group performed tasks often in
the sitting or stationary stance position, while the
OP group often performed more dynamic
standing balance tasks and less tasks in a sitting
position. Prior research has pointed to the
importance of task specificity in the neurological
patient and these findings support that concept.
This study may assist clinicians in future
selection of persons for TR. For example, if a
person with MS is having difficulty with sitting
balance and transfers, TR may be indicated.
However, if a person with MS is having more
difficulty with dynamic standing balance and
ambulation, the OP setting may be more
appropriate. Often, clinicians select TR services
for individuals who are more independent due to
the possible safety concerns. However, these
findings also suggest that persons with increased
mobility deficits may benefit from improvement
not only in mobility but also in self-perceived
QOL and fatigue. All TR subjects noted a
reduction in fatigue that met statistical
significance (p = 0.003), while six of eight
subjects noted an improved QOL that did not
meet the statistical significance (p = 0.097). This
can be attributed to the wide variation in selfrating of improvement in this small group of
participants.
A possible limitation in this study was due to the
Jintronix® program, providing a limited list of
exercises for the PT to utilize when developing
the exercise programs. The Jintronix® program
only allowed the PT to modify repetitions or
timeframes required to complete tasks, which
could have hindered adequate rehab progressions
for participants with higher mobility function at
baseline. Future development of impairmentspecific exercises may further improve subject
mobility deficits. Subjects participated in TR and
OP for eight weeks. This may have limited the
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total dosage and may not have been a sufficient
time frame to ascertain the level of improvement
that would otherwise be identified.
The average direct cost savings for each of the
eight persons with MS in the TR group was
$1,060 (906 euros). The number varied by
distance traveled and was based upon driving in
a personally owned vehicle at the standard
mileage reimbursement rate ($0.56 per mile, 0.43
euros). No additional costs incurred while
traveling, such as food or lodging, were
considered. The study was not designed to
compare the patient travel cost savings to
additional costs of providing the TR to the
patient. However, no additional PT staff was
required for the evaluation of TR visits, and each
case was performed in lieu of a 45-min in-person
OP visit.
Each patient required two round trips of the
RN for the installation of equipment and
patient/caregiver training, and retrieval of
equipment at the end of the study period.
Travel expenses (mileage) would be equivalent
to 2 patient days of in-person rehab. RN salary
was partially offset by combining travel with
normal duties of one RN (outreach to smaller
hospitals and EMS agencies in the region).
This study provided evidence of what the
training needs of the patient/caregiver should
cover and common issues with operation
during study. It is felt that the instillation could
be performed by a well-trained technician such
as a PT assistant, emergency medical
technician, or licensed practical nurse. With
the onset of COVID-19, home safety
evaluations are now being conducted with the
utilization of TR, reducing travel cost to the
provider. Furthermore, system installation was
required due to software requirements of the
Jintronix® system and desire for
standardization across subjects in this
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feasibility study. Utilization of existing
patient-owned devices and more portable
versions of the Jintronix® platform are being
developed to reduce costs and increase
accessibility.

collection and analysis, decision to publish, or
preparation of the manuscript.

Readiness for the use of telemedicine has been
recognized as a problem for older adults
predominantly owing to inexperience with use of
technology.38 The importance of computer
literacy for patient selection was seen in one
subject who dropped out of the study due to
difficulty with the utilization of the computer
system. The subject and caregiver were both
trained on the utilization of the system initially,
but the subject required frequent over the phone/
webcam instructions and corrections on the use
of the system, all of which were clearly described
on the “cheat sheet.”

Contributors: This study design was an
adaptation of a face-to-face home TR study
initiated and developed at the VA Rural Health
Resource Center Resource Center-Eastern
Region (PMH) and promoted nationally as a
Promising Practice by the Office of Rural Health,
Department of Veterans Affairs. The University
of Florida College of Medicine-Jacksonville
Dean’s grant application and manuscript
preparation were joint efforts by PMH, HB, and
WH. All investigators participated in the review
and editing of the manuscript. TR subject
selection, neurological evaluations, and cognitive
screening were performed by PMH. Pre- and
post-intervention PT evaluation and tele-video
visits were performed by HB and BM. OP group
selection and previous treatment had been
performed by HB and BM. Equipment
procurement, installation, and home safety
evaluations were performed by WH and JP.
Statistical analysis was performed by CS. The
Departments of Neurology (PMH) and Center for
Data Solutions (CS) University of Florida
College of Medicine-Jacksonville, Neuroscience
Institute (PMH, WH, and JP), and UFHJ
Rehabilitation (HB and BM) contributed
investigator time to the study.

CONCLUSIONS
This study indicates that TR is a feasible and safe
mode of delivery for individuals with MS. With
proper installation and home safety evaluation,
patients or their caregivers with a moderate level
of computer use knowledge were very compliant
and receptive of rehabilitation delivered on a
game-based program in conjunction with PT
monitoring. The results also suggest that TR has
the potential to be an effective method of
rehabilitation to improve patient-perceived
fatigue, QOL, and deficits related to reduced
mobility. Future studies with a more specific
focus on type of mobility deficit, larger number
of subjects in each group, and longer
interventions are needed to confirm the efficacy
of TR for specific mobility deficits in persons
with MS.
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