JRM

JRM

JRM

J Rehabil Med 2023; 55: jrm00383

ORIGINAL REPORT

ONLINE MONITORING OF FOCAL SPASTICITY TREATMENT WITH BOTULINUM
TOXIN IN PEOPLE WITH CHRONIC STROKE OR HEREDITARY SPASTIC

PARAPLEGIA: A FEASIBILITY STUDY

Hans C. J. W. KERSTENS, MSc!?, Maarten J. NIJKRAKE, PhD'3, Bert J. M. DE SWART, PhD'2, Ria W. G. NIJHUIS-VAN
DER SANDEN, PHD!, Marije VOS-VAN DER HULST, PHD*, Gery J. BOS, PhD5, Alexander C. H. GEURTS, PhD!# and

Philip J. VAN DER WEES, PhD!*

From the '‘Department of Rehabilitation, Radboud University Medical Center, Nijmegen, The Netherlands, ?2Department of Neurorehabilita-
tion, HAN University of Applied Sciences, Nijmegen, The Netherlands, 3Department of Neurology, Donders Institute for Brain, Cognition
and Behaviour, Radboud University Medical Center, Nijmegen, The Netherlands, ‘Department of Rehabilitation, Rehabilitation center
Sint Maartenskliniek, Nijmegen, The Netherlands and *Department of Rehabilitation, Rehabilitation center Tolbrug, Den Bosch, The Nether-

lands

Objective: To investigate the feasibility and usabi-
lity of an online spasticity monitoring tool amongst
people with hereditary spastic paraplegia or chro-
nic stroke receiving botulinum toxin treatment, and
their healthcare providers.
Methods: Mixed methods cohort study, measuring
recruitment success and adherence to the monito-
ring in 3 rehabilitation institutions. In addition, the
System Usability Scale (SUS) and interviews with
patients and their healthcare providers were used
for quantitative and qualitative analysis, respec-
tively. A deductive directed content analysis was
used for qualitative evaluation.
Results: Of the 19 persons with hereditary spastic
paraplegia and 24 with stroke who enrolled in the
study, recruitment success and adherence were
higher amongst people with hereditary spastic para-
plegia compared with stroke. Usability was found
“marginal” by rehabilitation physicians and “good”
by patients and physical therapists (SUS scores 69,
76, and 83, respectively). According to all partici-
pant groups, online monitoring potentially contribu-
tes to spasticity management if it is tailored to the
actual needs and capabilities of patients, and if it can
easily be integrated into the daily/working routines
of all users.
Conclusion: Online monitoring of spasticity in
people with hereditary spastic paraplegia or stroke
receiving treatment with botulinum toxin may be
feasible, provided that the monitoring tool is tailo-
red to the needs of all users.
Key words: stroke; hereditary spastic paraparesis; spasticity;

feasibility studies; internet-based intervention; electronic
health record.
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(LAY ABSTRACT )
This study investigated recruitment success and adhe-
rence to an online spasticity monitoring tool amongst
people with hereditary spastic paraplegia or stroke and
their healthcare providers. Usability was evaluated with
a questionnaire and interviews. Twenty-four persons
with stroke and 19 with hereditary spastic paraplegia
participated through 3 rehabilitation institutions. The
hereditary spastic paraplegia group was more willing to
participate and their adherence to online monitoring was
higher than the stroke group. Usability was scored “mar-
ginal” by rehabilitation physicians, and “good” by people
with spasticity and their physical therapists. The inter-
views showed that online monitoring may contribute to
better spasticity management if it is tailored to the ac-
tual needs and capabilities of people with spasticity, and
if it can easily be integrated into daily/working routines
of all users.

Online monitoring of spasticity seems to be feasible.
Tailoring the monitoring tool to patients’ needs and
capabilities, and the professionals’ routines may further

\improve feasibility and usability. )

Ithough guidelines provide indications for

initiating botulinum toxin type A (BoNT-A)
injections (1), the timing of subsequent treatment
is challenging, because the severity and functional
impact of spasticity may vary individually over time.
Closely monitoring spasticity may support decision-
making in spasticity management for both patients
and healthcare professionals.

Spasticity is a prominent feature in many central
nervous system disorders, including stroke, spi-
nal cord injury, and hereditary spastic paraplegia
(HSP) (2). Pharmacological interventions aim to
reduce the complaints and motor problems asso-
ciated with muscle hypertonia and overactivity (1),
either systemically (e.g. oral spasmolysis) or focally
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(e.g. BoNT-A injections). Together with regular
passive stretching of spastic muscles, BONT-A
injections are considered as a mainstay treatment in
people who experience spasticity-related complaints
and activity limitations (3). BoNT-A treatment is
characterized by an initial phase to become effec-
tive, a plateau phase with maximum effect, and a
wearing-off phase (4).

In addition to experiencing fluctuations in spas-
ticity severity related to the pharmacodynamics of
BoNT-A (5), people with spasticity may experience
influences of personal and environmental factors,
such as fatigue, pain, constipation or temperature
changes (6). The progressive (e.g. HSP) or reg-
ressive (e.g. stroke) nature of disorders may also
cause gradual changes in spasticity severity and
impact, which additionally complicates decisions
on timing, muscle targeting and dosing of BoNT-
A treatment (7, 8). The current study included
both people with HSP and people with chronic
stroke, as these groups represent different clinical
presentations of spasticity in terms of progressive-
ness, upper-extremity involvement, and severity of
spasticity in relation to severity of paresis (9, 10).

Self-monitoring of spasticity may support shared
decision-making and improve the timing and execu-
tion of BoNT-A treatment. Indeed, the benefits of
self-monitoring have been shown in chronic condi-
tions (11, 12). Therefore, we designed a spasticity
monitoring tool, consisting of: (i) a commercially
available smartphone app (Physitrack® (Physitrack
PLC, London) connected to an online platform) to
complete a daily self-assessment of spasticity-related
symptoms and perceived activity limitations; and
(ii) an existing commercially available online plat-
form (Physitrack®) for healthcare professionals to
consult the sampled app-data. The spasticity moni-
toring tool aims to provide insight into the course
of individual complaints and activity limitations, in
order to empower self-management, shared decision-
making, and timing of subsequent BoNT-A treatment.
The spasticity monitoring tool is explained in detail
in Appendix S1.

This study aimed to investigate the feasibility and
usability of the developed spasticity monitoring tool
in people with HSP or stroke who already receive
BoNT-A treatment. Specific research questions were:
(i) what is the recruitment success for using the
spasticity monitoring tool in terms of the number of
enrolled eligible people in both groups?; (ii) what is
the adherence of people with HSP or stroke to using
the smartphone app?; (iii) what is the usability of the
monitoring tool according to people with HSP or stroke
and their healthcare providers (medical rehabilitation
specialists and primary care physical therapists)?; and
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(iv) in what way does the monitoring tool contribute
to spasticity management according to people with
HSP or stroke and their healthcare providers?

METHODS

Design and setting

In this prospective multicentre cohort study, people
with HSP or chronic stroke who were already on
BoNT-A treatment for reducing spasticity-related com-
plaints and activity limitations were eligible for inclusi-
on. They were recruited through the outpatient clinic of
3 rehabilitation facilities in the Netherlands (Radboud
University Medical Center Nijmegen, Rehabilitation
center Tolbrug Den Bosch, and the Rehabilitation
center of the Sint Maartenskliniek Nijmegen) between
December 2019 and April 2021. They started using the
smartphone app immediately after they received their
first subsequent BoNT-A treatment and were followed
up for 2 full cycles of BoNT-A treatment, which was
a period of approximately 6 months, depending on
the individual treatment cycle. Healthcare professio-
nals were able to read out the sampled data from the
smartphone app in the online platform. A concurrent
mixed methods approach was used to measure feasibi-
lity (quantitatively) and usability (both quantitatively
and qualitatively) (Fig. 1). The study protocol was
approved by the regional medical ethics committee
(registration number 2019-5466). Data from the online
spasticity monitoring tool was stored and reported
according to the Declaration of Helsinki (13) and the
FAIR principles (Findable, Accessible, Interoperable,
Reusable data) (14).

Participants

Three types of participants were included. People with
chronic spasticity caused by either a pure form of HSP
or stroke were eligible when they met the following
criteria: a diagnosis of pure HSP or stroke (=6 months
post onset), age >18 years, with spasticity-related
complaints and/or activity limitations, being already
on BoNT-A treatment and scheduled for subsequent
BoNT-A injections. Exclusion criteria were: inability
to communicate in Dutch, cognitive impairments that
might impact independent reflection on experiences
with the online app during an interview (e.g. severe
aphasia or memory deficits), not possessing (or being
able to use otherwise) a tablet/smartphone or regular
internet connection. The other participant groups
consisted of the medical rehabilitation specialists
(physicians) who were treating the included patients
in the 3 participating rehabilitation facilities (n=8),
and the primary care physical therapists who were
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guiding the exercises of the people with spasticity in
the home situation.

This study aimed to include 25 persons with pure
HSP and 25 persons with chronic stroke and all of
their involved medical rehabilitation specialists and
primary care physical therapists.

Recruitment procedure

During the consultation at the outpatient clinic, the
medical rehabilitation specialists checked whether
the persons scheduled for BONT-A treatment met the
inclusion criteria. These people were then provided
with written information about study goals and pro-
cedures and invited to participate. If a person, after a
minimal reflection period of 2 weeks, was still inte-
rested in participating, the primary researcher (HK)
called the patient by telephone to verify the inclusion
criteria, provide additional information upon request,
and answer any remaining questions. Prior to parti-
cipation, all participants gave their written informed
consent. They were all allowed to withdraw from the
study thereafter, without giving a reason and without
any consequence for their treatment.

After a person was included, the treating medical
rehabilitation specialist was notified and requested to
participate. In addition, when involved, the primary care
physical therapist was informed about the study goals
and procedures and was also asked to participate, but
therapist participation was not mandatory for a patient
being able to participate in the study. All healthcare
providers received written information about the study.

Study procedure

All people with spasticity started using the online app
on the first day after the first, subsequent BoNT-A
treatment and stopped using the online app on the day
of the third subsequent BoNT-A cycle. Thus, 2 full
cycles of BTX treatment were captured (Fig. 1). All
people with spasticity received an individual username
and password from the primary researcher (HK) to be
able to enter data through the online app. Entering data
into the smartphone app took approximately 2 min.
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The healthcare providers were informed that they had
the opportunity to access their patients’ online platform
at any time. They were also provided with an individual
username and password. All participants received a
digital and a paper version of the user manual of the
spasticity monitoring tool. In addition, they had the
opportunity to contact a helpdesk by phone or email,
if needed. The helpdesk was available during office
hours and responded to questions within 1 working
day. One week after the first BONT-A treatment, each
person with spasticity was phoned by the helpdesk to
verify whether they were able to use the smartphone
app and access the online platform as they wished.

Outcomes

Feasibility outcomes. Feasibility was evaluated with
the following quantitative outcomes: recruitment suc-
cess, reasons for non-participation, and adherence to
using the spasticity monitoring tool. Recruitment suc-
cess and reasons for non-participation were assessed
at 3 levels by calculating:

 the proportion of people with spasticity invited for
participation: the number of invited people was
divided by the number of potentially eligible people;
reasons for not inviting eligible people to join the
study were documented by the medical rehabilitation
specialist were documented during the first outpatient
consultation.

* the proportion of people with spasticity that agreed
to participate: the number of people that signed the
informed consent was divided by the number of
invited people; reasons for non-participation were
documented by the primary researcher (HK).

* the proportion of participating primary care physical
therapists: the number of therapists that signed the
informed consent was divided by the number of
invited therapists; reasons for non-participation were
documented by the primary researcher (HK).

Adherence to using the smartphone app was calculated

for a period of 2 cycles of botulinum toxin: the number
of completed daily self-assessments was divided by

BoNT-A treatment

Consultation PWS
physician

inclusion

Injection 1

Injection 2 Injection 3

Recruitment success

Adherence and usability

Fig. 1. Study timeline. BoNT-A: botulinum toxin type A; PWS: people with spasticity.
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the expected number of self-assessments per person
(i.e. the number of days included in the 2 consecutive
BoNT-A cycles). Based on their adherence, people with
spasticity were classified as a user (adherence >75%) or
a limited/non-user (adherence <40%). These opposite
groups in terms of adherence were identified to select
patients for the individual interviews, as described in
the next paragraph.

Usability outcomes. After the third botulinum toxin
injection, usability of the smartphone app was quanti-
tatively assessed by all people with spasticity using the
System Usability Scale (SUS). Usability of the online
platform amongst the individual medical rehabilitation
specialist and primary care physical therapist was quanti-
tatively assessed with the SUS after study completion of
their last participating patient. The SUS is a subjective
measure consisting of 10 questions, each using a 5-point
Likert scale, ranging from score 1 (strongly disagree) to
score 5 (strongly agree) (15). The SUS is a validated mea-
sure for which a sum score (range 0—100) is considered
“unacceptable” when below 50, scores between 50 and
69 are considered “marginal”, and scores 70 or higher are
considered to indicate “good” usability (16). In addition
to the SUS, 3 self-constructed questions were asked to
all participants: (i) “Would you recommend the spasticity
monitoring tool to other people with spasticity?”” and (ii)
‘Would you recommend the spasticity monitoring tool
to other healthcare professionals?’ For these questions a
5-point Likert scale was used with the above-mentioned
scoring options. The third question (“Which grade of
appreciation do you give the monitoring tool?”’) was
answered using a 10-point scale (ranging from score 1
“unsatisfactory” to 10 “excellent”).

Perceived usability for and contribution to spasticity
management of the spasticity monitoring tool were
qualitatively assessed through individual interviews.
Because of the COVID-19 pandemic regulations
during this study, each individual interview was con-
ducted online (using the platform LifeSize® (Lifesize
Video Conferencing, Austin)) instead of a face-to-face
interview as initially intended.

Based on the adherence rates, this study purposively
sampled 9 persons with HSP or stroke from the user-
and limited/non-user groups (17). In addition, all par-
ticipating medical rehabilitation specialists from the 3
centres involved (n=28) and all primary care therapists
who returned the SUS questionnaire were invited for
an individual online interview. Therapists who did not
return the SUS questionnaire were called by the primary
researcher (HK) to inquire whether they had used the
online platform. Those who confirmed they had used
the online platform were briefly asked to share their
experiences concerning usability. Therapists who had
not used the online platform at all were briefly asked to
mention the most important reason for non-use.
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All individual interviews lasted approximately
30 min and were conducted by the primary researcher
(HK) using a semi-structured interview guide. The
interview guide was developed by the research team,
and shared in advance by email with the participants to
optimize their focus on usability topics (18). The fol-
lowing topics were addressed:

e To what extent is the spasticity monitoring tool
suitable to monitor the time course of spasticity?

* To what extent did the spasticity monitoring tool
provide insight in the course of spasticity and the
optimal timing of BONT-A injections?

* How did the spasticity monitoring tool impact on
self-management and shared decision-making?

*  Which barriers and facilitators for using the spasticity
monitoring tool did you experience?

e Were the items of the self-assessment relevant for
evaluating severity and functional impact of spasticity?

Data analysis

Descriptive statistics were calculated for the feasibility
outcomes and the quantitative usability outcomes.
This analysis was performed using SPSS (IBM Corp.
Released 2017, IBM SPSS Statistics for Windows,
Version 25.0. Armonk, NY, USA: IBM Corp.).

The qualitative interviews were audio-recorded, verba-
tim transcribed by a research assistant (MR), and imported
into a software management package for the analysis
of qualitative data (AtlasTi, version 8.1.27.0, Scientific
Software Development GmbH, Berlin, Germany).

AtlasTi was used to perform a deductive, directed
content analysis (19), which means that the transcripts
were coded according to an a priori formulated theore-
tical framework of categories, based on the Consolida-
ted Framework for Implementation Research (CFIR).
The CFIR supports identifying potential influences on
implementation in the 5 domains: intervention, inner set-
ting, outer setting, individuals involved, and process of
implementation (20). After coding of the first transcript,
the primary researcher (HK) and 1 of the supervisors
(MN) discussed the content and coding process. After
consensus, the second and third transcripts were coded,
and discussed by both researchers. The ordering of the
preliminary themes was initially discussed by HK and
MN, followed by a discussion with the entire research
team until consensus was reached on the final themes.

RESULTS

Recruitment success

Between December 2019 and September 2020, 161
unique consultations of people requiring botulinum
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toxin treatment were recorded at the outpatient clinics
of the 3 participating centres (Radboudumc n=79,
Tolbrug n=62, and Sint Maartenskliniek n=20). Of
these, 50 persons were excluded because they did
not have a diagnosis of HSP or stroke. Another 24
persons were not included because they did not fulfil
the other inclusion criteria or because they met the
exclusion criteria. Out of 87 eligible persons, 43 were
eventually enrolled (24 stroke, 19 HSP) (see Fig. 2).
Their characteristics are shown in Table 1.

Non-participation occurred more often among
people with stroke compared with HSP for the follo-
wing reasons: not having a smartphone, not knowing
how to use the smartphone app, participation being
too stressful, and change of treatment plan.

Of'the 43 participating people with HSP or stroke,
35 were consulting a primary care physical thera-
pist, of whom 29 therapists (83%; representing 29
patients) were willing to participate. Reasons for
non-participation of therapists were: increased
workload (rn=4), limited digital skills (n=1), or
unknown (n=2). Of the 29 included therapists, 18
completed the study. Reasons for therapist drop-out
were patient drop-out (7=9) or miscommunication
(n=2). All 8 medical rehabilitation specialists invol-
ved agreed to participate.

Adherence to using the smartphone app

The study intended to sample 2 full injection cycles,
which would correspond to minimally 6 consecutive
months. Unfortunately, directly after participant
recruitment had started, the COVID-19 pandemic
struck the Netherlands, which led to frequent post-
ponement of BoNT-A injections. Rescheduling of
appointments was not automatically communicated
with the researcher, which resulted in the monitoring
window sometimes having started before the first
injection and ended relatively early. Since we were
interested in the adherence over a prolonged period,
we decided to set the sampling period for every
participant to 24 weeks, as this sampling period was
used as a default by the online app provider. This
strategy implied that a maximum of 168 daily self-
assessments were collected per patient.

As depicted in Fig. 2, 33 patients completed the
study (18 patients with HSP, 15 with stroke). Reasons
for not completing the study were both frequent and
variable in people with stroke, whereas only 1 per-
son with HSP dropped out, due to implantation of
an intrathecal baclofen pump. The median overall
adherence to using the online app in terms of number
of completed daily self-assessments was 49%, which
was higher for people with HSP (median 63%) than
for people with stroke (median 20%) (Table II).
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Quantitative results for usability

SUS response rates were 60% for people with spasticity
(38% stroke and 89% HSP) vs 50% for medical reha-
bilitation specialist and 24% for primary care physical
therapists (Table I1I). Reasons for not using the online
platform by medical rehabilitation specialists were:
limited time/workload, technical problems, maternity
leave/holidays, change of tasks, or misconception
about the availability of the monitoring tool. Reasons
for non-use by the other participants was not inquired
for and thus remained unknown. From the participants
who completed the SUS, people with spasticity had a
mean score of 76 points, medical rehabilitation specia-
lists 69 points, and primary care therapists 83 points.
The majority of the responding participants stated that
they would recommend other people with spasticity
and healthcare professionals to make use of the spas-
ticity monitoring tool.

Qualitative results for usability

Nine persons with spasticity (6 with stroke, of whom 3
were non-users and 3 users, and 3 with HSP, all users),
all 8 medical rehabilitation specialists who recruited
the patients, and 6 primary care physical therapists
who completed the SUS were interviewed. From these
interviews, a total of 291 unique codes were extracted
and categorized into 3 themes: timing of monitoring,
experienced benefits, and needs for improvement.
Quotes (Q) of participants that exemplify the 3 themes
are shown in Table I'V.

Timing of monitoring. People with spasticity had
different thoughts about the usefulness of the smart-
phone app. Some felt they did not need it, whereas
others experienced clear advantages (Q1). In general,
monitoring was experienced as most useful at the
start of the BONT-A injections to establish the initial
and subsequent need and timing of BoNT-A conti-
nuation. For some, monitoring at a later stage was
considered redundant. This view was also expressed
by some medical rehabilitation specialists. A more
intensive information exchange at the start of the
BoNT-A treatment would support adequate spasti-
city management in terms of indication and timing.
One of the rehabilitation specialists suggested using
the spasticity monitoring tool before the start of
the BoNT-A treatment, thus creating a baseline that
might help to assess the initial effects. Primary care
physical therapists generally expressed a lower need
for monitoring as they felt they had frequent contacts
with the patients, providing them with “a clear clinical
picture” regarding the course of spasticity (Q2).

Experienced benefits. All people with spasticity
valued the daily self-assessment, because they were
better able to relate the fluctuations in the visual
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Number of unique consultations: 161
¢ Radboudumc: 78

e Tolbrug: 62

e SMK:20

Number of eligbhle patients: 87

e Stroke: 62
e HSP:25

Number of patients invited: 84

e Stroke: 60
e HSP:24

Number of patients considering participation: 69

r

e Stroke: 45
e HSP:24

Number of signed informed consents: 47

e Stroke: 26
e HSP:21

Number of participants enrolled in study: 43

e Stroke: 24
e HSP:19

Number of participants completed study: 33

e Stroke: 15
e HSP:18
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Excluded: 74
e  Other diagnosis: 50
e Based on criteria: 24

Excluded: 3

Stroke:

e Forgotten: 1

e Limiting factors for
participation:1

HSP:

e Forgotten: 1

/

Excluded: 15

Stroke:

e Nodevice:9

e Limited digital skills: 3
e  Stressfull:2

e Unknown: 1

HSP:

e O

Excluded: 22

Stroke:

No injection: 6
Moved: 1

Limited cognition: 1
Stressfull: 5
Unknown: 6

HSP:

e Stressfull: 1

e Unknown: 2

iy

Not started: 4

Stroke:

e Noinjection: 2
HSP:

e Noinjection: 1

e Personal situation: 1

\

e Dropout:10

Stroke:

Deceased: 1

Moved: 2

Dissatifsfied: 1

No questionnaire: 1

Limited cognition: 1

Stressfull: 1

Limited digital skills: 1

Unknown: 1

HSP:

e Implantation
intrathekal baclofen
pump: 1

Fig. 2. Flowchart of participants with spasticity from recruitment until completion of the study. HSP: Hereditary Spastic Paraplegia; SMK: Sint

Maartenskliniek.
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graphs of their symptoms and activity limitations to
the timing of the injection cycles or to other spasticity
influencing factors. One of them thought it would be
better to ask for the frequency of stumbling than for
fall incidents (Q3). Some medical rehabilitation specia-
lists reviewed the online platform data before clinical

Table I. Characteristics of participating people with spasticity

Stroke

(n=24)
Age, years, mean (range) 56.2 (32-77) 54.1(24-72)
Sex, men/women 13/11 12/7

HSP (n=19)

Time post-onset, years, mean (range) 9 (1-26) 17 (3-50)
Number of BoNT-A cycles before enrolment, 14 (2-50) 13 (2-40)
mean (range)
Treatment site
Radboud University Medical Center 5 19
Rehabilitation Center Tolbrug 13 0
Rehabilitation Center Sint Maartenskliniek 6 0
Treated extremity
Upper extremity 10 0
Lower extremity 8 19
Both extremities 6 0
Side of hemiparesis (stroke only)
Left 18 n.a.
Right 6 n.a.

HSP: hereditary spastic paraplegia; n.a: not applicable; BoNT-A: botulinum
toxin type A.

Table II. Adherence to using the online app

Stroke (n=15) HSP (n=18)
Percentiles 25 0.03 0.33
50 0.20 0.63
75 0.61 0.90

HSP: hereditary spastic paraplegia.

Table III. Usability scores for all groups of participants

Online monitoring of spasticity p. 7 of 10

consultation, which was valued by their patients (Q4).
The experiences of the medical rehabilitation spe-
cialists themselves were diverse. Some reported that
spasticity fluctuations were difficult to associate with
the injection cycles, sometimes due to missing values,
whereas others expressed that use of the online plat-
form clearly supported clinical decision-making and
shared responsibility between physicians and patients.
One medical specialist reported the need for a satis-
faction score in addition to a change score (Q5). Most
primary care physical therapists were very pleased with
the availability of daily stretching exercises through the
online app. They were generally less focused on the use
of the online monitoring platform. Their experiences
with the online platform were diverse. Some did not
use the online platform data at all, whereas others used
it as a starting point to get a clearer clinical picture,
based on the patients’ narrative and physical examina-
tion. One therapist used the online platform data as a
benchmark for his own findings to support spasticity
management (Q6).

Need for improvement. Some people with spasticity
experienced the use of the smartphone app as tedious.
Moreover, they felt that the predefined symptom and
activity scores were insufficiently tailored to their
individual problems. A few persons stated that they
were glad when the sampling period had finished,
because it confronted them too much with their
problems or because they were tired at the end of
the day (Q7).

Stroke HSP Physicians Therapists
(n=9, 38%) (n=17, 89%) (n=4, 50%) (n=7, 24%)
SUS score (0-100) 72.8 76.9 68.8 82.5
Recommendation to other patients (range 1-5) 3.5 3.6 4.0 4.0
Recommendation to other healthcare professionals (range 1-5) 3.5 3.2 4.3 4.0
Overall grade for monitoring tool (range 1-10) 7.0 7.4 6.8 7.6

Recommendation to other people with spasticity and to healthcare professionals varied from "I fully disagree” (score 1) to “I fully agree” (score 5).
Overall grade for the monitoring tool varied from “unsatisfactory” (score 1) to “excellent” (score 10).

SUS: System Usability Scale; HSP: hereditary spastic paraplegia.

Table IV. Exemplifying quotes for the 3 themes

Quote number  Participant Quote

Q1 P6 “Although I have experience with spasticity for 15 years, I have to be aware not to make assumptions. Active
monitoring helps me to detect changes I can relate to actual events.”

Q2 Thii “The graphs are in line with my observations, but the patients’ stories are more informative to me than the tool itself.”

Q3 P6 “Apparently, people think you either fall or you don't, but this is not true. When you would have asked me how often I
stumble, you would have got a completely different answer.”

Q4 P56 “I valued that my physician had access to my graphs and the effects of treatment.”

Q5 Ph1 *I have become much more aware how difficult it is to capture these types of complaints, to make sense out of it by
the patient and by myself ...... Actually, I would prefer to sample both a “change-score” and a “satisfaction-score”. After
all, a “change-score” can be low because everything is going fine, while at the same time a patient may express a high
“satisfaction-score.”

Q6 Th2 “The patient and I, we felt we agreed on our findings. In case he rated an item with a 7, I would have scored a 7 as well.”

Q7 P12 “During the day, of course, I notice the consequences of my spasticity, but written down it is different, more
confronting.”

Q8 Th44 “It would be good if all persons involved would be able to enter data into the tool. It would make it easier to evaluate

and adjust spasticity management, when you have information from others as well.”

Q: Quote number, P: patient, Ph: physician, Th: therapist.
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According to the medical rehabilitation specialists,
important improvements would be: easier accessibi-
lity, better arrangement and adjustability of the visual
graphs, integrated use of the data during the actual
clinical consultation, and implementing individual
treatment goals within the online platform data. Both
medical rehabilitation specialists and primary care
therapists mentioned that they would have appreciated
the integration of the online platform with the regular
electronic patient file, and the possibility to also add
relevant data themselves to the patient’s platform in
support of shared decision-making (Q8).

All participants would have appreciated personal
face-to-face instructions instead of instructions by mail
or telephone. They would also have liked to receive
automatic notifications to support consistent use of the
spasticity monitoring tool.

DISCUSSION

The results of this study show that monitoring spas-
ticity with a tool including a smartphone app and an
online platform is feasible and potentially useful.
People with stroke typically experience more barriers
than people with HSP with regard to using the online
monitoring tool as their participation, adherence and
response rates were much lower. Based on the people
with spasticity who returned the SUS, the usability of
the online app and platform would be good, but the
large proportion of people who did not return the SUS
imposes serious bias, particularly in people with stroke.
The same bias is true for the responding therapists
reporting high scores for usability. In contrast, the
medical rehabilitation specialists all responded to the
SUS, indicating marginal to good usability. Qualitative
analysis, however, still yielded many suggestions for
improvement of usability of the spasticity monitoring
tool, particularly from the perspective of patients and
medical specialists. In their view, monitoring should
be tailored to individual needs, integrated into the rou-
tines of all users, and incorporated into the electronic
health records.

Recruitment success and adherence

Recruitment success and adherence to online monito-
ring were much higher for people with HSP compared
with stroke. Cognitive limitations and participation
being considered too stressful accounted for a lot of
non-participants with stroke. Cognitive impairments
may also have played a role in the low adherence rates
in people with stroke, while the higher adherence by
people with HSP may be explained by the fact that the
study only included individuals with a pure form of HSP
who typically have no cognitive impairments. People
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with HSP may also have been more motivated, because
spasticity is a key problem regarding their daily functio-
ning and also shows a progressive character. In contrast,
people with stroke often experience paresis and loss of
muscle control to be the most dominant motor problems
in terms of their daily functioning, while spasticity may
be moderate or even regressive. In their systematic
review, Block et al. showed that remote monitoring of
physical activity across a variety of neurological diseases
was feasible, even in people with impaired cognition
(21). Only a minority of their data showed no correlation
between activity count and person-reported severity of
symptoms. Reduced adherence was found in some of the
included studies (21), but dropout rates were lower than
in the current study. An important difference compared
with the study of Block, is that in our study, we used
a device that automatically stored but did not sample
data. Patients had to enter a daily self-assessment them-
selves, which was bothersome for some. Using indivi-
dually tailored patient-relevant outcomes, which could
be sampled by a well-tolerated device, may potentially
increase adherence to online monitoring of spasticity,
particularly in people with stroke.

Usability and contribution to spasticity management

Regarding usability, the current study showed SUS
scores ranging from marginal (medical rehabilitation
specialists) to good (people with HSP and stroke, and
primary care physical therapists). The good scores of
therapists may have been caused by the fact that the
Physitrack® app was developed primarily for physical
therapists and was adapted to their working routines.
In contrast, the medical rehabilitation specialists had
to use the online platform next to their electronic
health record, which required additional time during
the clinical consultations. Indeed, the lack of integra-
tion of the online platform with the electronic health
record and the necessity to follow several steps to
gain access to the preferred visual graphs imposed
an extra workload.

According to many participants, monitoring spas-
ticity fluctuations is more helpful in an early stage
of botulinum toxin treatment than in a later phase
when individual treatment responses and spasticity
fluctuations are better known both to patients and to
their healthcare providers. Nevertheless, even “expe-
rienced” people with spasticity and BoNT-A treatment
may face new situations in which it might be useful
to intensify spasticity monitoring; for instance, in
the case of intercurrent co-morbidity, change of
(oral) medication, or when the efficacy of treatment
seems to attenuate. A temporary period of close
monitoring of spasticity might help to adequately
adjust spasticity management to the actual demands
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of the person. In people with chronic obstructive
pulmonary disease, cerebral palsy, or chronic heart
failure, self-monitoring has shown to be effective
in detecting relevant changes in health status (12),
reducing long-term complications (11), and reducing
healthcare utilization (22). It is therefore likely that
shared decision-making in spasticity management can
be improved when self-monitoring is used in critical
periods of treatment, tailored to patient-relevant
outcomes and combined with systematically sampled
data by healthcare professionals.

Adopting a new element in spasticity management,
such as online monitoring, requires that all users
are convinced of the relevance and usability of the
monitoring tool. For example, explaining the benefits
of monitoring, matching expectations, sharing tips
and tricks with “super-users”, may all contribute to
adoption. Having the possibility to send regular remin-
ders, add background information, upload videos for
movement analysis, put markers in graphs to identify
important events, or zoom in and out of graphs by
adjusting the timeline, may further add to the usability
of online monitoring. Most importantly, monitoring
should be incorporated into the daily routines of all
users. Implementation of online monitoring should
therefore be prepared carefully, by analysing barriers
and the context of users, and tailoring the intervention
to individual needs and possibilities of users. Using the
CFIR framework is helpful to identify potential bar-
riers for implementation of a new intervention across
multiple contexts (20).

Strengths and limitations

The current study has several strengths. It tested the
online monitoring tool in a realistic setting. The 3
participating rehabilitation facilities were allowed to
follow their own protocols and workflows. In addi-
tion, the study provided support via a helpdesk and
phoned people with spasticity 1 week after the start of
data sampling, but purposely refrained from sending
regular reminders as this would have influenced the
spontaneous adoption process.

A major limitation of this study is the selection bias
that occurred due to non-participation, non-adherence,
and non-response, particularly in the stroke popula-
tion. In addition, the study did not record participant
characteristics or adherence for the medical rehabili-
tation specialists or primary care physical therapists.
Moreover, these healthcare providers were able to
consult the data entered into the online platform by
people with spasticity, but they were unable to enter
relevant data themselves due to the inherent technical
limitations of the tool used. This may have reduced
their perceived relevance and usability and may have

Online monitoring of spasticity p. 9 of 10

weakened the interaction between healthcare profes-
sionals and patients.

CONCLUSION

Monitoring of spasticity-related symptoms and activity
limitations by means of a monitoring tool with an
online app linked to a commercially available online
platform seems to be feasible and useful for people
with hereditary spasticity (pure HSP) more than for
people with stroke. Adequate individual user selection
and focused timing of use, together with tailoring the
monitoring to individual needs, integrating it into daily
routines, and incorporating sampled data into electro-
nic health records may further improve usability and
the likelihood of clinical implementation.

Two main clinical messages can be formulated. First,
using patient-relevant outcomes tailored to individual
needs may enhance adherence to online monitoring of
spasticity. Second, tailoring the intensity and period
of self-monitoring to individual needs may improve
spasticity management in the early and chronic phases
of spasticity treatment.
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