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Background: Covid-19 pandemic greatly impacted on the healthcare systems worldwide with negative conse
quences on several aspects of clinical populations. For neurological chronic conditions such as Multiple Sclerosis
(MS), rehabilitation activities have been suspended or postponed during the pandemic. Rehabilitation is crucial
for people with MS (PwMS) because it promotes recovery from relapses and maximizes opportunities for social
participation. To better understand the impact of Covid-19 emergency on rehabilitation services for MS, the
European network for rehabilitation in MS (RIMS) disseminated a survey to healthcare professionals (HPs) and
representatives of the MS rehabilitation services (RSs), to explore the two different perspectives on the delivery
of rehabilitation in usual circumstances and during the Covid-19 emergency.
Methods: The online survey was distributed from July 9th to September 20th, 2020. Besides general information
on the responders (e.g. location of center, and memebership to RIMS), information was collected on usual service
delivery (e.g. settings, specialities, and types of treatment), the impact of Covid-19 circumstances (e.g. re
strictions, use of personal protective equipment, and impact on work), and the use of technologiesin
rehabilitation.
Results: Twenty-two representatives of MS rehabilitation services (RSs)and 143 health care professionals (HPs)
responded. Most of RSs and HPs worked in services specialized for MS including a mixture of all usual reha
bilitation settings (i.e. inpatient, outpatient and community setting). The majority of services adopted a multi
disciplinary framework, including physical therapy, occupational therapy, social service, speech and language
therapy, psychological support, dietary interventions, medical management, vocational rehabilitation and
cognitive rehabilitaton. Overall, most of responders indicated they did not use technologies in their practice (e.g.
for treatment or assessment). However, depending on the type of technology a low-to-medium percentage of
responders declared to use some technologies before Covid-19 crisis (5-55% for RSs and 12-53% for HPs) and a
low percentage planned the use after pandemic (0-14% for RSs and 1-10% for HPs). Moreover, for the responders
the most feasible interventions deliverable through tele-rehabilitation were psychological support and dietary
interventions, with psychological support considered the most necessary intervention to be remotely imple
mented. Moderate feasibility (30-60%) was reported for hands-off interventions (e.g. aerobic exercise and
cognitive rehabilitation) whereas low feasibility (<30%) was reported for hands-on interventions. Feasibility was
especially low when tools were used that are not adaptable at-home (e.g. hyperbaric oxygen therapy).
Conclusion: The Covid-19 pandemic has stimulated the MS healthcare professionals to find new solutions to
deliver alternative interventions to PwMS. In this context, the role of telemedicine is crucial to continue reha
bilitation services at home, and limit exposure to infection. However, most of healthcare professionals have not
incorporated the use of technologies. Therefore, the implementation of digital health solutions in the clinical
practice needs more attention towards education on the potentials of technologies for rehabilitation and
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simplification of the national healthcare system reimbursement procedures for the rehabilitation technologies
use.

1. Introduction

2.1. Online survey

Rehabilitation is a key strategy for achieving population health and
well-being as it promotes recovery from illness, improves human func
tioning, and maximizes opportunities for social participation (World
Health Organization, 2017).
Multiple Sclerosis (MS) has physical and psychosocial consequences
(Giovannoni et al., 2016), which usually have enormous long-term im
pacts on almost every aspect of the lives of people with MS (PwMS) and
their families. Rehabilitation is required in many different kinds of MS
impairments and disabilities, especially decreased mobility and dex
terity, bladder and bowel dysfunction, communication and swallowing
disorders, and cognitive impairment. Since 1991, the European network
for rehabilitation in MS (RIMS) (www.eurims.org) recommends the MS
services and healthcare professionals towards the best rehabilitation
practice and research through always new challenges (www.ectrims.
eu).
As already highlighted by several authors since the early months into
the Covid-19 pandemic (Chaler et al., 2020; De Biase et al., 2020; Leo
cani et al., 2020), the healthcare systems worldwide have been greatly
impacted with negative consequences on several domains and patients
populations. For neurological chronic conditions such as MS rehabili
tation many activities have been suspended or postponed (Leocani et al.,
2020). During the tsunami of the Covid-19 breakdown in March 2020,
this solution together with population lockdowns was an unavoidable
measure to reduce infection risks; proactive strategies towards the
restoration of adequate levels of rehabilitation care have been adopted
afterwards to prevent or reverse already established consequences of
prolonged restriction of motor, cognitive, leisure and social activities
(Hubbard et al., 2015; Wilski et al., 2019).
To better understand the impact of Covid-19 emergency on reha
bilitation services for MS, RIMS sent a global survey to healthcare pro
fessionals (HPs) and representatives of the MS rehabilitation services
(RSs), with the aim to explore the two different perspectives on the
delivery of rehabilitation in usual circumstances and the strategies
adopted during the Covid-19 pandemic emergency. This survey is a
relevant complement of a survey study recently published by the Special
Interest Group for Mobility (SIG Mobility) of RIMS showing that Covid19 pandemic has affected MS physical therapy services internationally
in terms of content, frequency of use and format (Kahraman et al.,
2022). In our study, we explore the feasibility of tele-rehabilitation as
perceived by rehabilitation practitioners and managers, to investigate
the level of adoption of low-cost technological tools for rehabilitation in
usual and Covid-19 pandemic circumstances. Moreover, we investigated
whether responses differences depended on the role the therapists had in
their rehabilitation center of reference.

After providing consent and indicating their role (i.e. RS or HP) and
in the case of HPs also reporting age and discipline, the survey started.
Depending on the responder role some specific questions were delivered
(Supplemental File 1 and Supplemental File 2). The first part collected
information on the European region and current membership to RIMS.
Both surveys consisted of other two parts, for usual and Covid-19
pandemic circumstances.
Usual circumstances part collected information on settings, special
ities and types of treatment of the rehabilitation services in which the
responder worked; the responders were also asked to rate tele
rehabilitation feasibility in their centre and the need for its imple
mentation. Only in RS survey, the number of working healthcare
professionals and treated patients were required and information on
disease course and disability level of patients had to be indicated.
The third part was devoted to collect information related to Covid-19
pandemic circumstances; specifically, on current emergency, impact on
the delivered activities, types of adopted personal protective equipment
(PPE) and PPE guidelines; specific questions on the use of e-Health
technology for rehabilitation before, during and after the pandemic
were present. Only in HP survey the responders were asked to rate their
perception of the pandemic impact on their work.

2. Material and methods

3.2.1. Settings
Most of RSs reported that their service included a mixture of all usual
rehabilitation settings (i.e. inpatient, outpatient and community setting)
(Table 1). Similarly, HPs declared that the rehabilitation services in
which they worked mostly included a mix of settings.
For both RSs and HPs the rehabilitation services could deliver more
than one type of rehabilitation speciality. Eighteen RSs (81,8%) deliv
ered MS rehabilitation and among those 11 exclusively MS rehabilita
tion (61,1%i.e. 50% of the total) and seven (38,9%, i.e. 31,8% of the
total sample) also rehabilitation for other neurological diseases
(Table 1).
Most of services, in which HPs worked, were specialized in MS
(n=103, 72,0%); 76 of those (73,8%, i.e. 53,1% of the total) delivered
exclusively MS rehabilitation, 18 (17,5%, i.e. 12,6% of the total) also

2.2. Statistics
Statistical analysis was performed using STATISTICA 7.1. Data are
expressed as absolute scores and percentage distribution based on the
total responses.
3. Results
3.1. Participants
The newsletters was sent to 1621 healthcare professionals. In total,
the responders were 165 with a response rate of 10%; 22 answered as RS
and 143 as HP (mean age = 42,4 ± 11,1 years). Although the list of
dissemination was balanced per European regions, most of the 165 re
sponders were from South Europe (Table 1). Among HPs, 68 (47,5%)
were physical therapists, 14 (9,8%) physiatrist, 12 (8,4%) neurologists,
11 (7,7%) speech and language therapists, 11 (7,7%) nurses, 8 (5,6%)
occupational therapists, 8 (5,6%) psychologists, 4 (2,8%) neuropsy
chologists, 4 (2,8%) nutritionists, 1 (0,7%) audiologist, 1 (0,7%) general
practitioner and 1 (0,7%) counsellor.
3.2. Usual circumstances

From July 9th to September 20th, 2020 an online survey devoted to
outline a view of the consequences and effects of Covid-19 emergency on
MS rehabilitation services was disseminated by email through RIMS and
ECTRIMS newsletters, reaching healthcare professionals in contact with
both organizations (www.eurims.org, www.ectrims.eu).
The study was carried out in accordance with the Declaration of
Helsinki (1964). All information related to study purposes, target pop
ulation, data collection, storage and privacy were described at the
beginning of the survey and based on this information the participants
gave their online consent to participate.
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the rehabilitation specialities of the RSs; indeed, half of the RSs was
specialized in MS rehabilitation alone. Most of the RSs followed PwMS at
more advanced disease stages, mainly with a progressive course (more
than 68%) and a moderate-to-severe level of disability (about 76%)
(Table 1).

Table 1
Features of the Rehabilitation Services

Location
- Northern Europe
- Eastern Europe
- Western Europe
- Southern Europe
- Outside Europe
Membership to RIMS
- Yes
- No
Setting
- Only inpatient service
- Only outpatient service
- Only community setting
- Mixed settings
Speciality
- General rehabilitation
- Neurological rehabilitation
- MS rehabilitation
Number of healthcare professionals
- Small (<10)
- Medium (10-30)
- Large (>30)
Patients treated in a year
- Total
- Percentage of PwMS
Disease course
- Relapsing-Remitting
- Secondary Progressive
- Primary Progressive
EDSS
- 0 - 3.5
- 4-6
- >6

RSs
n (%)

HPs
n (%)

1 (4,6%)
1 (4,6%)
3 (13,6%)
17 (77,2%)
0 (0%)

17 (11,9%)
4 (2,8%)
22 (15,4%)
90 (62,9%)
10 (7,0%)

18 (81,8%)
4 (18,2%)

65 (45,4%)
78 (54,6%)

2 (9,1%)
3 (13,6%)
5 (22,7%)
12 (54,6%)

14 (9,8%)
42 (29,4%)
27 (18,9%)
60 (41,9%)

2 (9,1%)
10 (45,5%)
18 (81,8%)

29 (20,3%)
47 (32,9%)
103 (72,0%)

3 (13,6%)
0 (0%)
19 (86,4%)

-

40-2000
56,5 ± 35,8%

-

31,5 ± 28,5%
52,5 ± 33,2%
16,0 ± 18,3%

-

23,9 ± 18,3%
31,1 ± 14,5%
44,6 ± 29,5%

-

3.2.2. Treatments
Overall, the responders declared that the most adopted organiza
tional framework was multidisciplinary rehabilitation (Table 2).
RSs reported their center provided mainly physical therapy (gait,
balance, mobility, spasticity management and aerobic training) (about
75%), occupational therapy (64%), speech and language therapy (64%)
and psychological support (64%). Postural re-education, fall prevention,
Tai Chi Chuan, Ch’i Kung, robotic rehabilitation (e.g. exoskeleton, bal
ance platforms), specific speech and language therapy training for
respiration, communication and swallowing and podiatrist in
terventions were reported (Table 2).
Similarly, the interventions for gait, balance, mobility, spasticity
management and aerobic training were the most reported (range 4550%) by HPs, followed by occupational therapy, speech and language
therapy and psychological support (range 35-45%). Also nursing care,
psychosexual rehabilitation, gardening, hippo-therapy, music-therapy,
bladder and bowel rehabilitation, self-management support, health ed
ucation and prevention interventions, coaching for healthcare pro
fessionals were reported (Table 2).
Percentage of response related to the type of organizational frame
work and treatments in the rehabilitative centers of RSs and HPs.
Moreover, the percentages of feasibility and need of implementation in
Tele-rehabilitation for the multidisciplinary organizational framework
and the several treatments are reported.
3.2.3. Feasibility of Tele-rehabilitation
Overall, both RSs and HPs declared that the most feasible in
terventions deliverable in usual circumstances through telerehabilitation were psychological support and dietary interventions,
with psychological support considered the most necessary intervention
to be remotely implemented (Table 2).
A medium score of feasibility (30-60%) was reported for other dis
ciplines that do not involve “hands-on” interventions, such as aerobic
exercise, cognitive rehabilitation, speech and language therapy, voca
tional rehabilitation, and social service. Although the therapist-patient

rehabilitation for other neurological diseases, 2 (1,9%, i.e. 1,4% of the
total) also general rehabilitation and 7 (6,8%, i.e. 4,9% of the total) also
both neurological and general rehabilitation (Table 1).
RSs reported that the size of the rehabilitation services was preva
lently large as shown by the number of services with more than 30
healthcare professionals and by the number of patients treated each year
that in about 70% of cases was higher than 400 (range 40-2000). The
percentage of treated PwMS (56,5%) seems to reflect the overview on

Table 2
Rehabilitation service delivery and tele-rehabilitation in usual circumstances

Organizational Framework
- Multidisciplinary rehabilitation
Treatments
- Physical therapy
○ Aerobic exercise
○ Gait, balance, mobility training
○ Spasticity management
○ Hyperbaric oxygen therapy
○ Whole-body vibration
○ Aquatic therapy
- Occupational therapy
- Cognitive rehabilitation
○ Paper-and-pencil tools
○ Computer assisted device
○ Exergames/serious games
○ Virtual/augmented reality
- Speech and language therapy
- Psychological support
- Vocational rehabilitation
- Dietary intervention
- Social service
- Medical management

RSs
Type

Feasibility

Need

HPs
Type

Feasibility

Need

68,2%

44,1±36,2%

63,6%

82,8%

49,6±31,0%

47,3%

77,3%
72,7%
77,3%
4,5%
13,6%
31,8%
63,6%

46,4±33,3%
37,7±34,2%
31,2±24,0%
6,8±17,8%
10,0±19,5%
13,2±26,6%
44,5±33,3%

50,0%
27,3%
18,2%
0%
0%
0%
54,5%

45,2%
53,8%
46,2%
2,2%
8,6%
17,5%
41,9%

50,9±28,7%
46,0±30,9%
35,0±30,4%
13,4±24,4%
14,6±24,5%
15,9±27,2%
51,3±30,7%

33,0%
33,0%
19,8%
2,2%
2,2%
5,5%
35,2%

50,0%
36,4%
40,9%
27,3%
63,6%
63,6%
50,0%
54,5%
54,5%
59,1%

39,1±35,4%
47,3±34,1%
53,2±38,7%
45,5±39,4%
53,6±33,0%
63,2±34,4%
56,8±33,1%
57,7±34,9%
53,6±36,8%
47,3±35,6%

27,3%
40,9%
36,4%
31,8%
45,5%
50,0%
40,9%
31,8%
36,4%
31,8%

29,0%
25,8%
16,1%
9,7%
39,8%
41,9%
16,1%
30,1%
31,2%
34,4%

48,1±30,6%
59,8±31,3%
53,6±32,5%
44,8±33,2%
55,0±29,0%
64,7±30,0%
46,7±28,8%
61,0±30,8%
53,8±29,4%
51,5±31,1%

19,8%
39,6%
26,4%
18,7%
37,4%
48,4%
28,6%
41,8%
40,7%
27,5%
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body contact is usually present, also the implementation through telerehabilitation of disciplines such as gait, balance and mobility
training, spasticity treatment, occupational therapy and medical man
agement, was considered feasible (Table 2).
A low score of feasibility for telerehabilitation (<30%) was reported
for techniques using tools that are not adaptable to a home setting, such
as hyperbaric oxygen therapy, whole-body vibration and aquatic ther
apy. Obviously, very low need of implementation through telerehabilitation (<6%) was reported for these types of treatment
(Table 2).
Interestingly, in general, HPs reported higher percentages of feasi
bility with respect to RSs in implementing traditional treatments
through tele-rehabilitation; however, HPs seemed to be less confident (i.
e. lower percentages) than RSs on the actual necessity to implement
treatments in a remote digital way.

Table 3
Impact of Covid-19 pandemic on HPs practice
POSITIVE impact on the rehabilitation work due to Covid-19 pandemic
-

Remarking the importance of rehabilitation in MS
More attention to patients’ needs
New use/Increment of tele-rehabilitation (especially through video-call)
Easier scheduling of tele-rehabilitation sessions
Reaching more patients, especially those living in rural areas
Improved awareness of the utility of e-health technologies for treatment and
monitoring
- More rapid development of digital solution for healthcare systems
- Improved organizational flexibility towards the new needs (e.g. exercises, sessions
and scheduling adaptation to the disease stage, environment in which the patient
was, presence of caregivers, presence of children to be followed)
- More efficiency (e.g. reduced time-to-travel for at-home treatments for HPs, reduced
transports for patients)
- Increased health education and prevention (e.g. more hygiene, protection and
safety)
- Improved disposition to do networking with other HPs in the same or other
rehabilitative service
- Patients reported having more control over their rehabilitation
- Patient dedicated more attention to take care of their health status and to follow the
self-maintenance exercises delivered by the HPs
- Improved resilience of patients
NEGATIVE impact on the rehabilitation work due to Covid-19 pandemic
- Social distance rules reduce the contact therapist-patient
- Strenuous conditions of work
- Reduction or interruption of hands-on rehabilitation due to closing of the rehabil
itation service and impossibility to provide it virtually
- Reduction or interruption of hands-on rehabilitation due to refusal by therapist and/
or patient to avoid physical contact
- Reduction or interruption of rehabilitation due to reduced motivation (and
adherence) of the patient
- Reduction or interruption of rehabilitation, especially for PwMS with high disability
(depending on the degree of disability telerehabilitation is not optimal)
- Reduction or interruption of group sessions
- Interruption of rehabilitation due to refusal by therapist to treat post-Covid patients
- Worsening of the physical status of many patients due to decreased physical activity
- Digital illiterate patients could not be able to remotely learn the use of telerehabilitation tools (e.g. how to install the app, how it works, how to manage the
tools)
- Some patients did not have a computer, a smartphone or internet at home (e.g. due
to lack of economic resources).
- Tele-rehabilitation prevents a regular monitoring, consultation and correction of the
exercises performance
- Limitation in maintaining the multidisciplinary organizational framework
- Use of PPE impedes therapy delivery (e.g. the use of face masks limits the activity of
the speech therapist)
- Anxiety, obsessive-compulsive symptomatology, depression due to Covid-19 among
both therapists and patients
- Reduced work (e.g. reduction of treatments, interruption due to contact with an
infected patient), reduced income
- Difficulty to educate relatives of patients

3.3. Covid-19 pandemic circumstances
3.3.1. Restrictions
Most of responders (about 70%) reported they were still under
emergency at the time of the survey. Almost all the responders (98,9%)
declared to have already fully or partially restarted their rehabilitation
activities.
Almost 75% of the RSs and 85% of HPs declared they did not
interrupt activities (e.g. reduced, changed or shifted to Covid-19 pa
tients). Wide differences among responders for both RSs (range: 1088%) and HPs (range: 10-90%) were found for the percentage of ac
tivities reduction.
On average, the impact of Covid-19 crisis on the rehabilitation work
of HPs has been medium to high. Table 3 lists the positive and negative
effects of pandemic reported by HPs.
3.3.2. Personal Protective Equipment
As expected, all the responders in both RSs and HPs reported the
adoption of PPE prevalently following national/regional governmental
guidelines (86,4% and 62,9% respectively) (Table 4). Some RSs adopted
more than one guideline: 2 (9,2%) adopted all of them, 6 (27,3%) the
national/regional governmental guidelines and one of the others, and 1
(4,5%) all except the WHO guidelines. Also some HPs declared to use
more than one guideline: 2 (1,4%) all of them, 30 (20,9%) the national/
regional governmental guidelines and one of the others, and 9 (6,3%) all
except the WHO guidelines. Unexpectedly, 2 responders reported to not
follow guidelines and 3 to not know which type of guidelines they used.
HPs reported that surgical and FFP2/K95 masks were the main used
PPE (67,8% and 62,2% respectively); few responders (4,9%) reported
also FFP3. Who used another type of PPE (21,7%) specified in a dedi
cated free-text field to use masks made of cloth, gloves, sterile gown and
apron, overshoes, glasses and goggles, face shield and alcoholic solution.

Table 4
Effects of Covid-19

3.3.3. Adoption of technology
Overall, most of responders indicated they did not use technologies
in their practice (e.g. for treatment or assessment) (Fig. 1). However,
depending on the type of technology a low-to-medium percentage of
responders declared to use some technologies before Covid-19 crisis (555% for RSs and 12-53% for HPs). During the pandemic, RSs and HPs
did not frequently use technologies except for instructional video and
phone- and video-calls, the latter strongly stimulated to be adopted with
respect to the pre-pandemic.
Only few responders planned to use technologies after pandemic (014% for RSs and 1-10% for HPs). Interestingly, except for low-cost de
vices for mobility (e.g. Nintendo Wii and Microsoft Kinect) the per
centage of RSs planning to use the proposed technologies after pandemic
was always higher than the percentage of HPs.
HPs listed other technologies (open-ended question) they used
before and planned to be used after the Covid-19 crisis. Because these
devices required supervision (e.g. balance robotic platforms, gait

Impact of Covid-19 on activities
- Not permitted
- Reduced
- Temporarily performed other activities
- We started to work for Covid-19 patients
- Other
Guidelines for PPE usage
- None
- Local - Hospital level guidelines
- National/Regional governmental guidelines
- Scientific society guidelines
- WHO guidelines
- I don’t know
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RSs
n (%)

HPs
n (%)

6 (27,3%)
12 (54,5%)
1 (4,5%)
2 (9,2%)
1 (4,5%)

22 (15,4%)
94 (65,7%)
14 (9,8%)
2 (1,4%)
11 (7,7%)

0 (0%)
7 (31,8%)
19 (86.4%)
6 (27,3%)
3 (13,6%)
0 (0%)

2 (1,4%)
49 (34,3%)
90 (62.9%)
31 (21,7%)
25 (17,5%)
3 (2,1%)
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Fig. 1. Use of technologies. Percentages of the use of technologies before and during Covid-19 crisis and planned to use after. The technologies were selected among
those prevalently used in the MS rehabilitation context. RSs = Representatives of the MS rehabilitation services; HPs = healthcare professionals.

trainers, recumbent cross trainers, virtual reality treadmill, augmenta
tive and alternative communication tools, cognitive trainers, functional
electrical stimulation) their use during pandemic was not feasible.
Interestingly, some HPs reported in this open-ended question the
need to simplify the national healthcare system reimbursement pro
cedures for the rehabilitation technologies use.

team, by suggesting the presence of the high professional and manage
ment competences necessary to take care of all the rehabilitation needs
of PwMS.
Current evidence suggests that having MS does not increase the risk
of Covid-19 infection or worsen clinical outcomes compared to people
without MS (Evangelou et al., 2021; Parrotta et al., 2020). Nevertheless,
up to 81% of rehabilitation services reduced their activity or were closed
at time of distributing the survey. The several levels of stringency of the
lockdown policies, from a soft recommendation to stay at home, to a
moderate directive stay at home or a much harder order not to leave
home (Plümper and Neumayer, 2020), could reduce or not permit the
access to MS rehabilitation services. As consequence, the clinical man
agement, especially treatment, fundamental to preserve the physical,
cognitive and psychological status of PwMS (Kalron et al., 2021; Man
tovani et al., 2020; Motolese et al., 2020), was limited and social
interaction was prohibited.
In this respect, although all the participants were from countries that
had applied restrictions and many of them were still under lockdown
policies (soft, moderate or hard) at the time of the survey, most of them
reported the working activities were maintained. Indeed, the adoption
of a plethora of PPE and multiple types of guidelines would have made
feasible and safer face-to-face interventions essential and not deliverable
remotely (Landi et al., 2020; Robinson et al., 2021).
These findings are in line with the SIG Mobility survey results
(Kahraman et al., 2022) showing a reduction of activities in the reha
bilitation services during the pandemic. Overall the entity of the
reduction reported by Kahraman et al. (2022) was lower than in the
current survey. Indeed, there the respondents were required to refer to
the entire 2020 and probably they reported percentages of activities
reduction taking into account the different periods of restrictions and
relaxation. On the contrary, our survey referred to the specific period
immediately subsequent to the the first wave of pandemic when some
services restarted most of activities and other still experienced a lot of
restrictions. Currently, the availability of vaccines and the consequent
progressive gradual relaxation of restrictive measures allowed restoring
the delivery of rehabilitative treatments as before Covid-19 pandemic.
Moreover, new ways of thinking the significant changes the pandemic

4. Discussion
This survey study explored the impact of the Covid-19 pandemic and
related restrictions on the MS rehabilitation service delivery in Europe
from the perspective of representatives of the MS rehabilitation services
and health care professionals. The survey was designed, developed and
distributed during the third phase of the first wave when the virus
seemed almost defeated, all new infections were identified and isolated
and, despite an unstable epidemiological situation, governments started
to lift restrictive measures and allowed a resurrection of social life
(Plümper and Neumayer, 2020). The dynamics of the first wave
Covid-19 pandemic involved a first phase of unawareness (risk essen
tially ignored, social behaviour not yet adjusted, infections spread at an
exponential rate) and a second phase of lockdown (clear
virus-associated risks, preventive measures, changes in behaviours, so
cial distancing) (Plümper and Neumayer, 2020).
In usual circumstances, the rehabilitation services mostly adopted a
mixed model based on at least two of inpatient service, outpatient ser
vice and community setting; it would reflect the high number of PwMS
treated by most of the rehabilitation services and the consequent need to
reach them through different rehabilitation settings. In addition, a high
number of PwMS with progressive course and moderate-severe level of
disability, as reported by RSs, would strongly increase the heterogeneity
of MS needs to be managed (Ponzio et al., 2019). A mixed model could
be a necessary response to these needs and would advantage the pro
vision of the best healthcare solutions to PwMS at all stages of their
journey.
In addition, most of responders declared that the services were
exclusively dedicated or had a unit dedicated to MS rehabilitation and
adopted an organizational framework based on the multidisciplinary
5
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has made are nowadays under discussion and could represent an op
portunity towards a post-pandemic “new normal” of the National
Healthcare Systems (NHS) encompassing concepts of solidarity, care,
and reciprocal responsibility (Redhead et al., 2022).
Technologies would make feasible remote assessment, monitoring
and treatment. However, most of MS professionals, independently from
their role (i.e. RSs and HPs) reported to not have incorporated the use of
technologies in their clinical practice. Indeed, although a consistent part
of responders declared that before pandemic they used low-cost devices
for cognition and mobility and at a lower extent apps, wearables and
instructional videos, most of them reported that in their rehabilitation
services these common technological solutions were not used at all. Low
percentages of responders declared to use technologies during pandemic
or they would have used after the crisis. Phone- or video-call streaming
sessions was the most considered technology during and after pandemic.
These results, similar for both RSs and HPs, would highlight two
contrasting tendencies in using technologies among MS healthcare
professionals. On one side, they would need a better education and
training on the technologies benefits such as reliability, utility to support
outcomes in rehabilitation, equity of access to health care and costs
reduction (Corea et al., 2021; McGinley et al., 2021, 2020; Sun et al.,
2020; Wesson and Kupperschmidt, 2013). In fact, they could not use
technologies because of a lack of knowledge on the best existing op
portunities, limited reimbursement policies from the National Health
care Systems (e.g. individually sustained costs of devices), absence or
lack of scientific validation of technologies and, of relevance, a defined
regulatory framework of healthcare professional’ liability and data
privacy management (Ferorelli et al., 2020). These considerations could
be extended also to operators not specialized in MS.
On the other side, a minor but consistent part of responders reported
to use technologies already before Covid-19 pandemic. Besides ascer
taining the relevance in improving their working activities (Bove et al.,
2019), they could have met the strong enthusiasm shown by PwMS to
wards internet-based patient reports (Bove et al., 2013), mobile devices
(Bove et al., 2015), and wearables to assess clinical outcomes (Block
et al., 2017).
Interestingly, despite the use of technologies during and after
pandemic was reduced for both RSs and HPs, with respect to RSs, HPs
were more confident on the feasibility to deliver traditional treatments
through tele-rehabilitation and considered less necessary their imple
mentation in a remote digital mode. We can speculate that, because RSs
are more involved in the practical implementation of their rehabilitation
service, they would know less how some technologies could make a
treatment feasible through tele-rehabilitation devices whereas they
would glimpse the possibility to meet through the digital solutions use
unmet needs such as promoting continuity of care for PwMS and
delivering rehabilitation to patients living away from the center (Nich
olas et al., 2021). After all, during the Covid-19 health emergency, the
use of technologies was an essential asset through which the NHS
strengthened their response during the most critical phases (The Orga
nisation for Economic Co-operation and Development (OECD) 2020).
According to the post-pandemic economic reform plans of many
countries (e.g. Italy, Germany and France) (European Union), telemed
icine will not be limited to a tool for responding to an emergency con
dition but it will become a structural resource contributing to the
reorganization of the NHS, allowing the shift of health care to the
home-based settings through innovative citizen centered care models,
and facilitating access to healthcare services, rehabilitative services
included. Currently, telemedicine is a great resource that makes possible
new approaches to care and new ways of continuity of care between
hospital and home-based care (De Micco et al., 2022).
Despite this relevance, scientific evidences have shown that health
care delivered through telemedicine can be burdened by numerous
ethical and legal issues that represent some of the most relevant chal
lenges for the onoging reorganization process of the NHS (De Micco
et al., 2022).

4.1. Limitations
We are aware that the present study is not free from limitations. One
limitation is a low response rate. Though response rates for surveys can
vary considerably (Ward et al., 2022), online surveys typically have a
response rate of 20%–30% (Safdar et al., 2016). With such a low
response rate, there is potential for nonresponse bias and poor repre
sentation. However, it is not surprising that the response rate was low.
Indeed, for long time following the first pandemic wave (including the
dissemination period of our survey), everywhere healthcare pro
fessionals received frequent requests of online surveys on the impact of
Covid-19 pandemic on their activities by giving up on answering.
Nevertheless, we felt that the responses that we did receive were very
valuable, also considering that part of responses were reported from
representative of MS rehabilitation centers, and provided interesting
insights on the impact of Covid-19 emergency on MS rehabilitation
services.
Moreover, there may have been an overrepresentation of responders
from South Europe which could be attributed to a high number of Covid19 cumulative cases (Naqvi, 2021). Furthermore, we did not ask the
participants the country of provenience and, for this reason, we can not
present the data according to each country.
In addition, it would have been beneficial to utilize widespread,
standardized, and validated scales. However, no such scales existed at
the beginning of the study and the time frame was too short for a
comprehensive development process of questionnaires.
5. Conclusions
The Covid-19 pandemic has stimulated the MS healthcare pro
fessionals to find new solutions to deliver interventions to PwMS. In this
context, the role of tele-rehabilitation is crucial to continue rehabilita
tion service delivery and limit exposure to infection. As a consequence,
digital health and telemedicine seem to transform rehabilitation and
could pave the way to digital/standard mixed rehabilitation personal
ized approaches. The reported reluctance of implementing technology in
rehabilitation, demands more consideration towards education on the
potentialities of technologies for rehabilitation and simplification of the
National Healthcare Systems reimbursement procedures for the reha
bilitation technologies use.
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Buron, M., Zabalza, A., Guerrero Pérez, A.I., Penninx, B.W., Siddi, S., Haro, J.M.,
Myin-Germeys, I., Rintala, A., Wykes, T., Narayan, V.A., Comi, G., Hotopf, M.,
Dobson, R.J., 2020. Using smartphones and wearable devices to monitor behavioral
changes during COVID-19. J. Med. Internet Res. 22, e19992. https://doi.org/
10.2196/19992.
The Organisation for Economic Co-operation and Development (OECD), Beyond
Containment: health systems responses to COVID-19 in the OECD. (2020) [WWW
Document]. URL https://www.oecd.org/coronavirus/%
0Apolicy-responses/beyond-containment-health-systems-responses-tocovid-%
0A19-in-the-oecd-6ab740c0/#blocknotes-d7e786. (accessed 9.7.22).
Ward, C., Banfield, J., Brousseau, P., 2022. A survey of Canadian respiratory therapists
working in the COVID-19 pandemic: the RRT perspective. Canad. J. Respirat.
Therapy 58, 57–63. https://doi.org/10.29390/cjrt-2020-065.
Wesson, J.B., Kupperschmidt, B., 2013. Rural trauma telemedicine. J. Trauma Nurs. 20,
199–202. https://doi.org/10.1097/JTN.0000000000000012.
Wilski, M., Gabryelski, J., Brola, W., Tomasz, T., 2019. Health-related quality of life in
multiple sclerosis: links to acceptance, coping strategies and disease severity. Disab.
Health J. 12, 608–614. https://doi.org/10.1016/j.dhjo.2019.06.003.
World Health Organization, 2017. Rehabilitation: key for health in the 21st century.

No funding was received for this study
Acknowledgement
The authors want to thank Davide Cafiero and HELAGLOBE SRL for
the support in implementing and disseminating the survey. The authors
also thank the respondents for sharing their valuable information. This
work was presented on the 5th December 2020 at the RIMS conference.
Supplementary materials
Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.msard.2022.104179.
References
Block, V.J., Lizée, A., Crabtree-Hartman, E., Bevan, C.J., Graves, J.S., Bove, R., Green, A.
J., Nourbakhsh, B., Tremblay, M., Gourraud, P.-A., Ng, M.Y., Pletcher, M.J., Olgin, J.
E., Marcus, G.M., Allen, D.D., Cree, B.A.C., Gelfand, J.M., 2017. Continuous daily
assessment of multiple sclerosis disability using remote step count monitoring.
J. Neurol. 264, 316–326. https://doi.org/10.1007/s00415-016-8334-6.
Bove, R., Bevan, C., Crabtree, E., Zhao, C., Gomez, R., Garcha, P., Morrissey, J.,
Dierkhising, J., Green, A.J., Hauser, S.L., Cree, B.A., Wallin, M.T., Gelfand, J.M.,
2019. Toward a low-cost, in-home, telemedicine-enabled assessment of disability in
multiple sclerosis. Multiple Sclerosis J. 25, 1526–1534. https://doi.org/10.1177/
1352458518793527.
Bove, R., Secor, E., Healy, B.C., Musallam, A., Vaughan, T., Glanz, B.I., Greeke, E.,
Weiner, H.L., Chitnis, T., Wicks, P., De Jager, P.L., 2013. Evaluation of an online
platform for multiple sclerosis research: patient description, validation of severity
scale, and exploration of BMI effects on disease course. PLoS One 8, e59707. https://
doi.org/10.1371/journal.pone.0059707.
Bove, R., White, C.C., Giovannoni, G., Glanz, B., Golubchikov, V., Hujol, J., Jennings, C.,
Langdon, D., Lee, M., Legedza, A., Paskavitz, J., Prasad, S., Richert, J., Robbins, A.,
Roberts, S., Weiner, H., Ramachandran, R., Botfield, M., De Jager, P.L., 2015.
Evaluating more naturalistic outcome measures. Neurol. - Neuroimmunol.
Neuroinflammat. 2, e162. https://doi.org/10.1212/NXI.0000000000000162.
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