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Abstract

Objective: Telerehabilitation may overcome accessibility barriers related to the Lee Silverman Voice Treatment (LSVT)-Loud
for dysphonia rehabilitation in multiple sclerosis (MS). The present study provides the feasibility evidence on patient-relevant
structural and procedure effects of a pilot randomized controlled trial comparing LSVT-Loud telerehabilitation (Tele-LSVT-
Loud) versus standard delivery.

Methods: Twenty-one people with MS (six males) with dysphonia were 1:1 randomly allocated to 4 weeks of LSVT-Loud in-
site or Tele-LSVT-Loud at home accessing a telemedicine platform. The feasibility of Tele-LSVT-Loud compared to LSVT-Loud
was evaluated considering adherence rate, safety (adverse events), technology interaction (User Experience Questionnaire),
intrinsic motivation to the treatment (Intrinsic Motivation Inventory), and perceived rehabilitation experience (individual
qualitative interviews) during and after the intervention program.

Results: Thirty-one percent of eligible subjects were unavailable to follow in-site treatment. Drops-outs were higher in the
LSVT-Loud than Tele-LSVT-Loud group (4 versus 1). Also, the adherence rate of synchronous sessions was 68.75% in the
LSVT-Loud compared to 87.5% in the Tele-LSVT-Loud group, related to greater difficulty in integrating the treatment into
a daily routine, as mentioned in the qualitative interview. No relevant adverse events were observed in both groups. The
user experience with technology in the Tele-LSVT-Loud group was positive. The interviews revealed a positive therapeutic
alliance, regardless of the delivery path. Interestingly, only people in the Tele-LSVT-Loud group judged equivalent the
therapist-user relationship in in-site and telerehabilitation settings.

Conclusions: Telerehabilitation promotes the feasibility of LSVT-Loud. The modality of delivery is a relevant factor in
determining eligibility and adherence to a voice rehabilitation program in MS.
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Background

Tele-speech therapy has been recently suggested as a safe
and efficient alternative to in-person rehabilitation for
voice disorders,1 with the potential to lessen extra costs,
distance-, time-consuming issues, and caregiver burden,
often hindering rehabilitation accessibility. However, tele-
rehabilitation for voice disorders is still poorly adopted,
and skepticism remains among people experiencing voice
disorders and caregivers about the capacity of telepractice
to equally surrogate in-person sessions.2

Multiple Sclerosis (MS) is one of the most common central
nervous system neuroinflammatory diseases accumulating
physical disability in young adult age,3 and potentially
impacts speech and voice,4,5 consequently provoking dysarth-
ria (motor speech changes) and dysphonia (voice changes)
conditions.6 In particular, dysarthria is identified as the most
prevalent expressive communication deficit in MS, with an
estimated prevalence of around 45%,7 potentially affecting
all speech subsystems including respiration, phonation, reson-
ance, articulation, and prosody, along with impairments in
receptive and expressive language.8 The primary dysarthric
characteristics in MS include slowed speech, increased fre-
quency and duration of pauses (often with inappropriate
onset), impaired loudness control, mono-pitch, imprecise
articulation of consonants, asthenic or strained voice quality,
and reduced respiratory capacity. Even mild dysarthria is
highly common in MS and can significantly affect the indivi-
dual’s quality of life, underscoring the importance of early
detection and management. When considering dysphonia,
speech-language pathologists perceptually rated people with
MS as vocally impaired in 45% to 91% of the cases.7 Voice
impairment in people with MS is perceptually characterized
by pitch instability, asthenia, hoarseness, and breathy voice.
Glottal inefficiency, reduced loudness control, and vocal
instability (both short-term and tremor-like) are key features,
with studies highlighting glottal inefficiency as a determinant
factor in voice deterioration. Phonatory asthenia and strain, as
well as impaired pitch and loudness control, affect about 30%
of cases. Moreover, the acoustic analysis showed increased
jitter (frequency perturbation) and shimmer (amplitude per-
turbation), indicating short-term instability in pitch and loud-
ness.9 Long-term tremor-like instability has proven to be a
strong predictor for distinguishing people with MS from
healthy individuals, though findings on fundamental fre-
quency remain inconsistent across studies.10

Few studies on specific treatments for speech and voice
disorders in people with MS have been documented.
Among these, expiratory muscle strength training,11

which improved respiratory strength without significant
changes in voice production or quality of life, and the
work by Crispiatico et al.12 on the use of Lee Silverman
Voice Treatment (LSVT)-Loud have been reported.

The LSVT-Loud is a standardized speech rehabilitation
method13,14 based on motor learning and neural plasticity

principles to enhance voice intensity and quality. The
works of Sapir et al., Baldanzi et al., and Crispiatico
et al.12,15–17 demonstrated the effect of LSVT-Loud treat-
ment on dysphonia in MS. Although the impact of this
method on MS voice impairment, some barriers hamper
its accessibility, for which telerehabilitation may be a solu-
tion. LSVT-Loud especially requires intensive continuous
adherence and attendance in the clinic: people receiving
the treatment have to participate in four sessions per week
with the therapists for a total of four weeks and they have
to complete autonomous practice seven days a week for
the period of the intervention. This commitment often
hardly fits with the work demands of people of adult age,
or with people with reduced motor autonomy, often requir-
ing the assistance of a caregiver. Importantly, in some
cases, voice disorders in MS may occur in advanced
phases of the disease, when the physical disability level is
impactful. In this context, the possibility of accessing the
treatment at a distance in a telerehabilitation setting may
scale up the target of patients who can be candidates for
voice rehabilitation.

In the present randomized controlled trial, we tested the
feasibility of patient-relevant structural and procedure
effects of the LSVT-Loud treatment delivered in telereh-
abilitation (Tele-LSVT-Loud) compared to the in-person
conventional modality (LSVT-Loud) in a group of people
with MS in need of vocal intervention.18

This study reports the evidence on the feasibility of the
Tele-LSVT-Loud, by exploring indicators of patient-
relevant structural and procedure effects, such as recruit-
ment practicability, adherence, safety, and acceptability
with both quantitative and qualitative approaches (mixed
methods).

Method
The present study reports the feasibility results of the
“Telerehabilitation for Lee Silverman Voice Treatment
(Tele-LSVT)-Loud on voice intensity and voice use in
daily living in people with multiple sclerosis” project trial.

The protocol of the study is detailed in Vitali et al.18 and
registered as a clinical trial on clinicaltrial.gov (identifier
NCT05930379). The study has been approved by the Don
Gnocchi Ethics Committee (protocol number 03_29/03/
2023) and conducted and reported in accordance with the
CONSORT guidelines (the CONSORT checklist is
reported in Supplemental materials).

Trial design and setting
This is a single-blind (assessors), randomized (1:1), parallel
two-arm, controlled trial conducted at the IRCCS Don
Carlo Gnocchi Foundation ONLUS of Milan (Italy).
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Participants were recruited from the clinic’s Multiple
Sclerosis Rehabilitation Center by the clinicians, enrolled
in the study, and randomly allocated to the experimental
or control (active comparator) arms (1:1 ratio). The two
conditions, experimental and control, consisted of 4
weeks of speech therapy for voice intensity based on the
LSVT-Loud method.14 In the experimental condition, the
therapy was administered in telerehabilitation
(Tele-LSVT-Loud), while in the control condition, it was
delivered in-site as the conventional modality
(LSVT-Loud). Feasibility was assessed during and after
the treatment period (for details, see reference 18).

Study population
Participants were considered eligible to take part in the
research and enrolled in the study by neurologists and/or
physiatrists whether they fulfilled the following criteria:
(1) age >18 years; (2) MS diagnosis based on criteria of
McDonald,19 (3) mild-to-severe voice symptoms reported
(as confirmed by two speech therapists), (4) preserved cog-
nitive functions (Mini-Mental State Examination score > 24
points), (5) possibility to use a personal computer and inter-
net connection at home, (6) stable pharmacological treat-
ment with dopamine agonists and/or steroids in the last
3–6 months, if any, (7) expressing agreement to participate
in the study by signing the informed consent form, (8)
absence of dysphonia related to other diseases than MS,
(9) absence of comorbidity such as other neurological con-
ditions different from MS, (10) absence of history of laryn-
geal cancer, radiotherapy, head-neck trauma or intubation,
(11) absence of visual/hearing disability, (12) absence of
major psychiatric comorbidities, (13) do not have attended
LSVT-Loud speech therapy in the last 6 months.

Sample size has been a priori estimated using G*Power
software (3.1 version) (see Vitali et al.18 for details).

Randomization
A computer-based 1:1 randomization ratio was performed
by a researcher not involved in the assessment. The ran-
domization was set within two strata based on the baseline
vocal intensity level measured with the 1-min monologue
test with an in-air microphone located 30 cm from the
mouth (SPL < 60 dB; SPL≥ 60 dB). Only assessors and
researchers performing statistical analysis, but not speech
therapists conducting the rehabilitation sessions and partici-
pants were blind to the allocation. Rehabilitators assigned
participants to interventions.

Trial interventions
In both arms, the LSVT-Loud method14 was delivered by a
speech therapist (LSVT-Loud licensed) with the same fre-
quency, intensity, and time, as follows:

frequency: 1 synchronous session 4 times/week for 4
weeks+ autonomous practice 7 times/week for 4 weeks.

intensity: the session was customized according to the
patient’s functional abilities to ensure the progression of
difficulty in rehabilitation session.

time: the synchronous sessions last about 60 min, while
the autonomous practice lasts about 5–10 min in addition to
the synchronous session (4 times a week) or 30 min (3 times
a week).

The two conditions, Tele-LSVT-Loud and LSVT-Loud,
differed for the type of synchronous intervention which was
delivered in telerehabilitation at home versus the conven-
tional face-to-face delivery in the clinic, respectively. The
Tele-LSVT-Loud synchronous sessions were delivered by
accessing a digital platform (Maia Platform, https://
abmedica.it/prodotti-ab-medica/maia), clicking on a link
sent by mail allowing starting the videoconference with
the therapist.

Further details about trial intervention are published
elsewhere.18

Measures
The baseline measures were evaluated by an assessor blind
to the group allocation in an individual session at T0.
Feasibility measures were assessed during and after the
treatment (T1).

Baseline measures

Clinical profile: MS form, disease duration, pharmaco-
logical treatment, and Expanded Disability Status Scale
(EDSS20) score were collected by consulting the medical
record.

Global cognitive level: the Montreal Cognitive
Assessment scale21 was administered to evaluate cognitive
function, obtaining a total score ranging from 0 to 30, with a
higher score indicating a greater cognitive level.

Fatigue: the Modified Fatigue Impact Scale22 was self-
administered to assess the perceived fatigue. The higher
total score (range 0–84) refers to a greater effect of
fatigue on everyday activities. A score of 38 is reported
as the cutoff above which subjects are considered fatigued.

Technological expertise: an ad-hoc questionnaire23 on
technological expertise was self-administered, allowing
evaluating the familiarities with technology (total range
score 1–5, the greater score the higher familiarity) and the
perceived skill in technology use (total range score 1–5,
the greater score the higher skill).

Voice intensity: 1-min monologue was recorded by an
in-air microphone. The dB SPL (mean and standard devi-
ation) was extracted to assess the average voice intensity.

Voice impairment impact: the Voice Handicap Index
(VHI24) was used to assess the perceived impact of voice
disorder on quality of life. The greater the score indicates
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a higher disability (score range 0–120), and a cutoff of 12
can be considered to rate the disability related to a voice
disorder.

Quality of life: the World Health Organization Disability
Assessment Schedule 2.0 (WHODAS25) was self-
administered to evaluate the impact of health issues on
the functioning domain. A total score ranging from 0 to
144 was interpreted in terms of a greater score as a higher
disability.

Feasibility measures

Adherence: the session attendance was registered by the ther-
apist for the synchronous rehabilitation activity, while the
completed autonomous practice was reported by the partici-
pants in a structured diary, in which they also indicated even-
tual reasons for non-attendance (see Supplemental material
for details). Moreover, adherence issues were addressed
during the weekly interview with the psychologist (see
below). An attendance rate was computed by summing the
number of attended sessions, dividing the sum by the total
number of the program sessions, and multiplying by 100
(range 0–100,with 100 referring to the higher adherence rate).

Adverse events: participants were invited to report even-
tual adverse events occurring during and after the treatment
in the structured diary. Also, adverse events were investi-
gated weekly during the interview (see below).

Telerehabilitation platform user experience: the User
Experience Questionnaire (UEQ26) was administered after
the treatment period, and 6 scores were obtained related to dif-
ferent user experience domains: attractiveness, perspicuity,
efficiency, dependability, stimulation, novelty. Standardized
scores for each domain were computed according to Schrepp
et al.26 indications: the range of the scale is between −3 (hor-
ribly bad) and +3 (extremely good). A score of +1.5 is inter-
preted as a good experience with technology.

Intrinsic motivation for the treatment: the Enjoyment sub-
scale of the Intrinsic Motivation Inventory (IMI27) was admi-
nistered to explore the motivation of the participants toward
the treatment program at T1. The higher score (range 1–7)
was interpreted as a greater intrinsic motivation.

Perceived treatment experience (engagement, accept-
ability, and feasibility): an individual semi-structured inter-
view was weekly performed by a psychologist at the end of
each week of rehabilitation program (4 interview sessions
in total) to explore treatment experience during the rehabili-
tation period. The interview track was implemented, tested,
and refined during round table meetings by telerehabilita-
tion experts (see Supplemental materials for details). The
following themes (coding units) were explored: adherence
issues, adverse events, motivational drivers, expectations
about treatment, the impact of the treatment on daily
routine, perceived fatigue, technology accessibility, and
relationship with the therapist. The individual interviews
were recorded and verbatim transcribed.

Statistical analysis
The statistical analysis was performed using the R software
(version 4.3.3. retrieved from: https://www.r-project.org/).
Variables’ distributions were checked using quantile-
quantile and histogram plots and means, medians, frequen-
cies, interquartile ranges, and standard deviations were
reported as descriptive statistics as appropriate. Unpaired
t-test (t) or Mann-Whitney (U ) were run to test group
differences.

A content qualitative analysis was also performed on
interview transcripts by three researchers (psychologists,
two women and one man) using QDA Miner Lite
(version 2.0.8. retrieved from: https://provalisresearch.
com/products/qualitative-data-analysis-software/). Also,
the final interpretation of qualitative data included two
expert speech therapists. The analysis followed different
steps: (1) segmentation of text based on coding units
defined during the implementation of the interview (see
“Measures” section): in this phase, the three researchers
first worked independently in double-blind modality, then
agreement was checked and disagreements were collegially
discussed and solved, (2) for each coding unit, categories
were collegially proposed and discussed, (3) significant
themes and relevant meanings for the study aims were high-
lighted and discussed in round tables including both psy-
chologists and speech therapists.

Missing data related to the drops from the treatment at
the beginning of the program and consequently affected
measures assessing the rehabilitation experience (weekly
interviews and questionnaires on motivation and technol-
ogy experience). Descriptive and qualitative analyses of
these measures were performed only on participants who
did not drop out of the treatment.

Results
The trial enrollment started in June 2023, and the last
follow-up occurred in August 2024.

Eligibility
Figure 1 depicts the CONSORT diagram of the trial.

Among 70 people with MS with rehabilitation needs,
90% (n= 63) were eligible for the research, fulfilling inclu-
sion criteria. Among these, only 33% (n= 21) were avail-
able to be recruited (see Figure 1). In fact, the remaining
67% (n= 42) were not recruited due to their unavailability
to follow the in-site treatment (31%, n= 13) or the impos-
sibility of participating in an intensive rehabilitation
program, net of the delivery modality (69%, n= 29). In
detail, among the 13 people unavailable to follow the
in-site treatment, 62% reported transportation barriers, 7%
had family issues, and 31% did not further justify the
unavailability reasons. Finally, among the 29 people

4 DIGITAL HEALTH

https://journals.sagepub.com/doi/suppl/10.1177/20552076251326222
https://journals.sagepub.com/doi/suppl/10.1177/20552076251326222
https://www.r-project.org/
https://www.r-project.org/
https://provalisresearch.com/products/qualitative-data-analysis-software/
https://provalisresearch.com/products/qualitative-data-analysis-software/
https://provalisresearch.com/products/qualitative-data-analysis-software/


reporting impossibility to participate net of the delivery
modality, 17% reported limited autonomy issues, 59%
health conditions worsening, and 24% unwillingness to par-
ticipate. The unwillingness to participate was mainly due to
two factors: some patients reported that they did not have
the time to devote to the treatment, mainly due to work
commitments; others did not consider the speech problem
relevant enough to devote the effort required.

Participants
In total, 21 subjectswere 1:1 randomized inTele-LSVT-Loud
and LSVT-Loud group. Table 1 reports baseline characteris-
tics of the two groups, which were matched. Both groups
showed an equally good level of familiarity and perceived
competence toward technological devices.

Adherence
The Tele-LSVT-Loud group reported a high adherence to
the synchronous rehabilitation sessions (median=
87.50%, 95% CI= 63.46–100.00) but a low adherence to
the autonomous practice (median= 57.14%, 95% CI=
32.11–76.98). In contrast, the LSVT-Loud group showed
a low adherence rate both to synchronous (median=
68.75%, 95% CI= 21.22–86.38) and autonomous practice
(median= 5.36%, 95% CI= 0.52–58.77).

In more detail, 72.72% of Tele-LSVT-Loud participants
attended more than 80.00% of the synchronous sessions,
versus 50% of people in the LSVT-Loud group.
Concerning the autonomous practice, in both groups, only
3 participants attended the rehabilitation with an adherence
equal to or higher than 80.00%. Moreover, in both groups, 1

Figure 1. CONSORT diagram of the study.

Vitali et al. 5



Table 1. Baseline characteristics of the Tele-LSVT-Loud and LSVT-Loud group.

Tele-LSVT-Loud LSVT-Loud comparison test (p)

N 11 10

Sex (M:F) 3:8 3:7 0.890

Age (mean, 95% CI) 55.09 (48.18–62.00) 54.00 (47.26–60.74) 0.803

Education (median, 95% CI) 13.00 (11.64–15.63) 12.50 (10.09–15.71) 0.515

Technology familiarity (mean, 95% CI) 3.64 (3.04–4.23) 3.60 (3.10–4.10) 0.918

Technology competence (mean, 95% CI) 3.07 (2.48–3.66) 3.16 (2.83–3.49) 0.783

EDSS (median, 95% CI) 6.50 (4.98–7.48) 6.50 (4.88,7.41) 0.803

MS form (RR:SP:PP) 7:2:2 6:2:2 0.985

Disease duration (y, mean, 95% CI) 23.70 (17.74–29.71) 22.30 (13.04–31.56) 0.770

MS pharmacological treatment (%) 100.00 80.00 0.128

Immunomodulatory/immunosuppressive (%) 63.00 50.00 0.558

glatiramer acetate 18.18 10.00

teriflunomide 18.18 0.00

ozanimod 9.09 0.00

ocrelizumab 0.00 10.00

ofatumumab 9.09 0.00

interferon beta 9.09 10.00

fingolimod 0.00 20.00

Symptomatic drug (%) 36.37 30.00 0.763

Previous rehabilitation experience (%) 100 100 1.000

Previous speech therapy experience (%) 45.50 70.00 0.256

Previous telerehabilitation experience (%) 27.30 10.00 0.314

MoCA (mean, 95% CI) 24.55 (21.36–27.73) 23.10 (20.43–25.76) 0.450

MFIS (mean, 95% CI) 38.30 (27.12–50.14) 43.50 (28.27–58.72) 0.596

dB SPL 1-min monologue (mean, 95% CI) 71.40 (69.20–73.60) 71.30 (69.50–73.00) 0.904

VHI (mean, 95% CI) 33.91 (21.96–45.85) 50.20 (33.36–67.04) 0.088

WHODAS (mean, 95% CI) 43.33 (31.72–54.94) 43.05 (28.78–57.31) 0.972

95%CI: 95% confidence interval; EDSS: Expanded Disability Status Scale; MS: multiple sclerosis; RR: relapsing remitting; SP: secondary progressive; PP:
primary progressive; y: years; MoCA: Montreal Cognitive Assessment Scale; MFIS: the Modified Fatigue Impact Scale; dB SPL: decibel sound pressure level;
VHI: Voice Handicap Index; WHODAS: World Health Organization Disability Assessment Schedule.
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subject withdrew from the treatment program after attend-
ing the first 2 sessions. Finally, in the LSVT-Loud group
only, 3 participants withdrew from the study during the
first session of the treatment due to costs related to transport
and time barriers.

Non-attendance issues

The statements collected during the interviews were cate-
gorized into the following motive types for session non-
attendance: health issues, overlapping commitments, unex-
pected events, unwillingness, and technical issues.

Interestingly, the two groups reported a different trend of
motive types: in Tele-LSVT-Loud and LSVT-Loud group
overlapping commitments were mentioned in 26% versus
56% of cases; health issues were highlighted for 38%
versus 16% of non-attended sessions; unexpected events
were reported for 8% versus 28% times, respectively.
Also, the unwillingness was mentioned only in the
Tele-LSVT-Loud group by one participant who referred
to the unattended autonomous activity. Finally, technical
issues were reported in 12% of cases in the
Tele-LSVT-Loud group.

Analyzing similarities and differences between state-
ments within each motive type, the specific unexpected
events were different in the two groups. Especially, while

the Tele-LSVT-Loud group mainly mentioned family
emergencies, the LSVT-Loud group most reported unex-
pected events due to barriers, such as climate and transport
issues (see Table 2).

Factors potentially influencing adherence

Fatigue. Based on MFIS score measured at baseline, 52.4%
(11/21) of participants were categorized as “fatigued”
(score≥ 38), 5 in Tele-LSVT-Loud and 6 in LSVT-Loud
group, equally distributed in the two groups. By investigat-
ing the perceived fatigue during the treatment period
through the interview, no significant difference emerged
between the two groups. Interestingly, participants who
showed an adherence < 80% in both groups reported no or
low perceived fatigue. Instead, participants with high adher-
ence were those who reported fatigue during the 4 weeks of
treatment (all participants scoring above 38 points on
MFIS).

Integration in daily life. During the interviews, 50% of par-
ticipants who attended the LSVT-Loud program on-site
mentioned difficulties in keeping time dedicated to the
rehabilitation versus only 10% of the Tele-LSVT-Loud
group. In detail, the time of the session plus the one to
reach the clinic clashed with the daily duties’ organization

Table 2. Motives of non-attendance in the Tele-LSVT-Loud and LSVT-Loud participants.

Tele-LSVT-Loud LSVT-Loud

Non-attendance
motive

Sessions’ type

% Example % ExampleS A

health issues X X 38 «I had a migraine attack»
«I had a severe cold»

16 «I was nauseous»
«I was completely KO; I had a severe cold»

overlapping
commitments

X X 26 «I had a doctor’s visit»
«I got overwhelmed
with duties»

56 «I’m often busy, after the session with the therapist the
swimming pool…»
«I had the renewal patent issue…»

unexpected events X X 9 «I needed to walk my
brother to the hospital»
«I had a family
emergency»

28 «It was raining, and I couldn’t come to the hospital with
the motorized wheelchair. If only there was an
underground tunnel…»
«There was the strike of the public transport! »
«The elevator of the metro was broken! »
«I had a personal issue»

unwillingness X 15 «I had no excuse» 0 -

technical issues X 12 “I had a new PC, I can’t set
the audio»
«connection problems»

0 -

A: autonomous practice; S: synchronous sessions. % is computed on the total number of motives reported in the interviews.
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(“three hours pass for treatment and round-trip … this is
the time I remove from my daily routine’’). In general, par-
ticipants mentioned that the intensity of the treatment was a
critical feature making it difficult to continue attending the
program beyond a short period (1 month) (“I lack time to do
things, but it is for one month, ok…”). Nevertheless, these
issues did not lead people to drop out of the program.
Interestingly, 2 participants in the Tele-LSVT-Loud group
reported being worried about disturbing their neighbor
during the speech therapy sessions (synchronous sessions
and autonomous practice) in telerehabilitation.

Motivation. The two groups showed comparable high intrin-
sic motivation to the rehabilitation program (IMI-E score
scale) (Tele-LSVT-Loud median= 5.57, 95% CI= 4.87–
6.25; LSVT-Loud median= 6.14, 95% CI= 5.62–6.42).
Six motivational levers prompting session attendance
emerged by the qualitative interview, which were not
related to the modality of the treatment delivery: (1) the
treatment efficacy on voice (88% cases): hoping and per-
ceiving a voice improvement which consisted in an
increased voice aspects (tone, strength, and control) or in
daily living social communication, or a higher autonomy
in daily living (especially in cases in which voice com-
mands are crucial to interact in the environment); (2)
social relationships with clinicians (37% cases): grateful
feelings toward people caring for them; (3) contributing
to science (31% cases): pride feelings to be part of a
research project, to have a role in something important for
themselves, but even more, for posterity who will access
rehabilitation in the future; (4) trust in staff experience
(12% cases): a sense to be “in good hands”; (5) space of
my own (19%): taking the treatment program as a dedicated
moment for themselves, to cultivate having a space

exclusively for them; (6) a way to spend time (6%):
taking the project opportunity to pass the time.

Adverse events
In both groups (Tele-LSVT-Loud and LSVT-Loud), no
relevant adverse events were observed. Subjects reported
only mild and transient events (Grade 1, see Table 3).
These events were categorized into: (1) voice/throat-related
symptoms (e.g. discomfort in the throat, vocal cords dis-
comfort, hoarseness, voice fatigue, lowered voice); (2) non-
voice/throat-related symptoms (e.g. headache, fatigue,
muscle tension, feeling of dizziness). They were mainly
reported during the first out of four weeks of treatment
for both groups and occurred equally during or after
treatment.

In the Tele-LSVT-Loud group, mild and transient events
were reported in 12% of total sessions attended by the par-
ticipants, while in the LSVT-Loud group they occurred in
the 6% of total sessions attended (Table 3).

Only participants in the Tele-LSVT-Loud group
reported non-voice/throat-related symptoms, in the first
week and during treatment session.

User experience with technological system
Tele-LSVT-Loud participants expressed a positive evalu-
ation of their experience with the technological system in
each UEQ domains: mean attractiveness= 2.33 (95% CI
= 1.79–2.87); mean perspicuity= 2.43 (95% CI= 1.90–
2.96); mean efficiency= 1.75 (95% CI= 1.28–2.22);
mean dependability= 1.52 (95% CI= 1.03–2.01); mean
stimulation= 2.09 (95% CI= 1.51–2.67); mean novelty=
2.11 (95% CI= 1.50–2.73).

Table 3. Adverse events in the Tele-LSVT-Loud and LSVT-Loud groups.

Tele-LSVT-Loud LSVT-Loud

Common terminology criteria for adverse events AE/total attended sessions
in the group

AE/total attended
sessions in the
group

Grade 5 Death related to AE 0.00 0.00

Grade 4 Life-threatening consequences; urgent intervention indicated 0.00 0.00

Grade 3 Severe or medically significant but not immediately life-threatening;
hospitalization; disabling; limiting self-care ADL

0.00 0.00

Grade 2 Moderate; minimal, local or noninvasive intervention indicated; limiting
age-appropriate instrumental ADL

0.00 0.00

Grade 1 Mild; asymptomatic or mild symptoms; clinical or diagnostic observations
only; intervention not indicated

0.12 0.06

AE: adverse events. % is computed on the total number of AE reported in the interviews and the diaries.
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In the individual interviews, all subjects in the
Tele-LSVT-Loud group reported a good experience in the
interaction with the telerehabilitation system. In only 2
cases (20%), the subjects reported a low perceived self-
efficacy in the use and handling of technological devices
at the beginning of the program. These subjects reported
negative feelings about the devices’ use, especially
anxiety. However, these subjects mentioned an increment
in self-efficacy during the last weeks of treatment (begin-
ning of the treatment: “I can use nothing of these things
anymore”; end of the treatment: “I thought different after-
wards”). Three subjects (30%) advised about technical
issues mostly related to their low expertise in the use of
technology. Among these, two subjects improved their
technological ability during the sessions’ treatment, while
a participant continued to experience difficulties in handling
the PC without the assistance of a caregiver. Regarding the
need for assistance, only this latter participant referred to
the necessity of caregiver support to manage the techno-
logical systems during the session. Notably, when the par-
ticipants were asked to compare the telerehabilitation
experience with the conventional face-to-face delivery, all
Tele-LSVT-Loud participants reported telerehabilitation
as more comfortable than face-to-face modality for different
reasons: increased perceived easiness in accessing the ses-
sions (100%), better management of daily commitment
(60%), less burden on the caregiver (30%), saving time in
reaching the clinic (20%), less stress and fatigue (10%).
In sum, 90% of Tele-LSVT-Loud participants declared
that telerehabilitation is preferable to the conventional
modality, while the only subject with the opposite position
changed opinion after the second week of the treatment.

Relationship with therapist
In the interview, the actual relationship with the therapist
was investigated. Also, the beliefs about the difference

between the “face-to-face” and “at-distance” relationship
with the clinicians were explored both from the point of
view of people in the Tele-LSVT-Loud and LSVT-Loud
groups. All subjects reported a positive relationship with
the therapist. In the Tele-LSVT-Loud group, eight indivi-
duals (80%) reported that the relationship with the therapist
would have been the same whether they attended in-clinic
sessions, with two of them changing their position after
the first week of the program from “the relation would
have been stronger in the in-site treatment” into “there
would be no difference”. Also, one subject (10%) judged
that the telerehabilitation delivery increased the patient-
therapist relationship by making the treatment less hospita-
lized (“When I go to the rehabilitation session in the clinic,
I’m there as a patient. Now I make the therapist enter my
home… and these things go beyond the clinical session. It
gives you something more… I’m not going to do a
visit!”). In this group, only one subject (10%) said the
patient-therapist relationship would have been better in
the in-site treatment (see Table 4).

In the LSVT-Loud group, only 16% of participants
believed that the relationship with the therapist would be
the same in telerehabilitation and in-site treatment.
Sixty-six percent of the group reported that face-to-face
delivery increased patient-therapist relationships. Finally,
one of the participants reported that the relationship
would have been equal in the two conditions only
whether the first sessions had been delivered face-to-face
and then the treatment continued in telerehabilitation (see
Table 4).

Discussion
In the present work, we presented the feasibility evidence
on patient-relevant structural and procedure effects of an
RCT on the LSVT-Loud program delivered in telerehabil-
itation to people with MS, adopting a mixed-method
approach.

The first evidence of feasibility regards the practicability
of the recruitment in the trial. The enrollment period was
longer than expected, given the large number of eligible
people who were not available for recruitment. In fact,
over half of the eligible people needing voice rehabilitation
expressed their inability to participate. Some of them stated
that participation in the in-site treatment would have
entailed a disproportionate effort (about 30%), while the
rest mentioned their impossibility to participate in the treat-
ment, regardless of the delivery modality for their health
conditions. In the former case, people could not benefit
from a voice rehabilitation program due to distance, cost,
and time barriers related to intensive in-site treatment,
which inevitably hampered their access to the treatment.
This evidence hints at two relevant considerations: first,
the scarce practicability of recruitment in a short time
reflects the impracticability of the in-site LSVT-Loud

Table 4. Beliefs of Tele-LSVT-Loud participants toward the
relationship with the therapist in the in-site program versus the
beliefs of the LSVT-Loud participants toward the relationship with
the therapist in telerehabilitation at the fourth week of treatment.

Relationship with therapist Tele-LSVT-Loud LSVT-Loud

No difference between delivery
paths

80% 16.66%

Face-to-face delivery increased
patient–therapist relationship

10% 83.34%

Telerehabilitation delivery
increased patient–therapist
relationship

10% 0%
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program for most people with MS needing voice rehabilita-
tion, often with a long disease history and a high level of
disability, and, second, the need of the telerehabilitation
modality is central to guarantee the access to care to all
people with voice disorders who experience barriers.

The barriers heavily impacted the adherence of people
who followed the LSVT-Loud method in the clinic. We
observed a noticeably lower attendance at the in-site than
the telerehabilitation program, which became apparent as
an adherence minor of 68% in the in-clinic versus 87% of
sessions of the at-home participants for the synchronous
sessions, as expected.18,28–30 A similar result was previ-
ously found by Covert et al.31 who observed a higher adher-
ence in telerehabilitation participants than ones in in-site.
Even when people had access to the treatment, the delivery
modality influenced their chances to profit from the optimal
dose of the rehabilitation, with plausible impacts of under-
dosing on efficacy.32,33 Interestingly, when we qualitatively
investigated reasons for discontinued attendance during the
program, we found that people in the LSVT-Loud group
were prone to miss sessions due to unexpected events for
which adhering to the treatment session would have under-
mined the daily routine management. On the other hand,
unexpected events rarely were reasons to miss the sessions
for people in telerehabilitation. The flexibility of telereh-
abilitation modality compared to the in-site delivery has
been previously highlighted in studies exploring enablers
and barriers of telehealth for MS.34,35 In fact, people with
MS acknowledge telerehabilitation has the potential to
lessen travel time, enhance scheduling flexibility, and
reduce the caregiver burden. Moreover, another proof of
the higher feasibility of Tele-LSVT-Loud than
LSVT-Loud was that 40% of people in the in-site treatment
abandoned the program during the first week. In detail, they
referred to having taken part in the study hoping to be allo-
cated to the telerehabilitation program and having difficul-
ties following the in-site treatment. Finally, an interesting
aspect to be reported concerns the autonomous practice,
which was mainly related to the least adherence in both
groups (only 3 subjects completed 80% of sessions in
each group). This evidence suggests the need to introduce
strategies to increase the patient’s engagement during the
autonomous practice to support adherence.36,37

When qualitatively exploring potential factors that
explain the lower adherence and attendance rate to the
in-site than telerehabilitation treatment, we found a huge
role of the treatment integration in the daily routine. In
detail, people attending telerehabilitation were prone to per-
ceive high compatibility of the treatment modality with
their daily routine, differently than participants who fol-
lowed the intervention in the clinic, which inevitably
demand an additional effort in terms of time and reorganiza-
tion of duties, family, and work activities. Our findings
trace a previous contribution that sought to identify accept-
ability issues related to telerehabilitation experience in

people with neurological disorders.38 Especially users high-
lighted the convenience of in-home rehabilitation, allowing
minimized traveling time to reach the clinic and access care
and freeing caregivers to the duty to accompany their loved
ones to the hospital.

Two factors expected to play a role on people’ adher-
ence, motivation and fatigue, provided unforeseen evi-
dence. We did not find a meaningfully higher motivation
in the telerehabilitation group than in the in-site group.
All people attending the program reported a substantial
intrinsic motivation to follow the intervention. The
reasons would be related to motivational drivers common
to the two groups concealing relevant rehabilitation and
affiliation needs such as treatment efficacy, social relation-
ships, and contributing to science, as collected in the quali-
tative interviews. As previously suggested,38 these
motivational levers contribute to lessening the perceived
effort for engaging in the program. Also, the levers reported
matched with another qualitative study investigating people
with MS perspective on online rehabilitation,39 reporting
the fulfillment of a need to exercise and the desire to
advance the MS research as the main motivations driving
the intervention attendance. Nevertheless, even if we did
not find differences in motivation levels and motivational
drivers between people in in-site and telerehabilitation treat-
ment, the drop-out of 40% of the in-site participants inevit-
ably prevented us from investigating the level of intrinsic
motivation in this sub-group.

Concerning fatigue, the one-week interviews revealed
that less than half of the participants reported
treatment-related fatigue by the end of the fourth week.
Some participants experienced physical fatigue only
during the early phase of rehabilitation, likely due to the
process of learning and adapting to the program. This obser-
vation aligns with previous research demonstrating the
positive effects of rehabilitation, including intensive pro-
grams, on reducing perceived fatigue in people with
MS.40,41 However, several participants reported fluctuating
or increasing cognitive and psychosocial fatigue over the
course of the treatment, primarily due to the challenge of
integrating intensive rehabilitation into their daily sche-
dules. In conclusion, fatigue in MS does not appear to be
a barrier to sustaining participation in intensive rehabilita-
tion programs. However, clinicians should be mindful of
the potential contribution of travel-related fatigue and the
cognitive demands of managing clinic visits, which may
exacerbate overall fatigue perceptions in people with MS.
These factors should be considered when determining the
mode of treatment delivery. In this context, telerehabilita-
tion may offer a viable solution by minimizing travel-
related fatigue, providing greater flexibility, and reducing
caregiver burden.

The analysis of adverse events showed that, as
expected,18 LSVT-Loud treatment was safe regardless of
the mode of delivery. In fact, no major and permanent
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adverse events ever occurred, consistent with a recent study
by Sackley and colleagues,42 which found only minimal
and transient problems (e.g. vocal strain) at an acceptable
rate compared to the level of benefit provided by the treat-
ment. In our study, the highest number of reports occurred
in the Tele-LSVT-Loud group. Notably, non-voice/
speech-related symptoms occurred only in the
Tele-LSVT-Loud group, including symptoms related to
respiratory management and muscle tension, probably
because these are more difficult to monitor remotely. In fact,
in traditional face-to-face therapy, therapists can provide
immediate manual adjustments and hands-on guidance to
assist with breath control and muscle relaxation, potentially
reducing the occurrence of such symptoms. In contrast, tele-
rehabilitation relies heavily on verbal instructions and
patient self-monitoring, which may pose challenges for
certain aspects of therapy, such as respiratory or muscle
tension management. Despite the irrelevance of this symp-
tomatology, we believe it is essential to inform clinicians deli-
vering Tele-LSVT-Loud about the potential need for
enhanced feedback and monitoring during online sessions.
Speech therapists should ensure that patients are provided
with clear, detailed instructions on breath control and
muscle relaxation exercises and should proactively monitor
for signs of strain or tension during teletherapy sessions to
minimize the occurrence of such issues.

From the technological experience point of view, partici-
pants reported an intermediate familiarity and perceived
competence toward technology. As expected,18 people in tel-
erehabilitation globally expressed a positive opinion on the
easiness of use, learning, effort level, perceived novelty,
and motivation in using the Tele-LSVT-Loud system.
Importantly, the few cases that referred to difficulties in the
interaction with the system due to their unfamiliarity with
technology at the beginning of the intervention changed
their mind after the first period of the program. This evidence
supports the viability of the online delivery of the
LSVT-Loud program, both to people familiar and unfamiliar
with technological systems. In this regard, previous works
highlighted the critical role of usability in increasing the sat-
isfaction of MS people following telerehabilitation interven-
tions.43 In the present trial, the only participant who reported
a negative experience with using technology during the
programwas a person dependent on the caregiver in handling
the systems to access the session due to a high level of dis-
ability (EDSS= 8.5), especially restricted upper limb mobil-
ity. As reported by the technology acceptance model,44 the
perceived ease of use gravely impacts on the behavioral
intention of utilizing a system, and the ease of use is in
turn influenced by the level of disability in neurological dis-
orders.45 In light of increasing access to telerehabilitation for
people with a high disability level, the use of smarter or
ad-hoc devices, such as smartphones instead of computers,
could permit people with motor impairment to undergo treat-
ment with more autonomy.

Finally, the last issue we explored was the relationship
with the therapist in the two delivery paths. In general, all
the participants built a good relationship with the therapist,
both face-to-face and at a distance. Importantly, we also
sought to extrapolate stereotypes on the therapeutic alliance
in telerehabilitation from the point of view of people who
experienced only face-to-face modality: in detail, partici-
pants in in-site treatment were prompted to imagine how
would have been the therapeutic alliance whether interven-
tion would have been delivered at a distance. Instead,
people who followed telerehabilitation were asked to
report their judgment on the relationship built and
whether it would have been constructed in a face-to-face
modality. To this concern, the position of the two groups
was completely different. People who did not follow tele-
rehabilitation stretched to shift toward face-to-face super-
iority in guaranteeing a deeper relationship with the
therapist. On the contrary, people who experienced telereh-
abilitation judged no difference between the relationship
built in telerehabilitation and the one that would have
been built if the treatment had been delivered in the
clinic. More substantially, people in telerehabilitation who
started the program stating that they would have preferred
a face-to-face modality to have a stronger relationship
with therapists changed their position after the initial
week of the program. This finding suggests that people
who approach online therapies for the first time can
present a distorted view of the treatment due to an engrained
stereotype leading to think that (synchronous) telerehabil-
itation leads to a more detached relationship with the ther-
apist than the standard in-site intervention. Clinicians may
be aware of this evidence when they start a telerehabilita-
tion program with a patient and adopt adequate strategies
to face eventual reluctance in undertaking the intervention
at a distance or alliance ruptures, with potential impacts
on treatment effects.46 The subjective perception of the
therapeutic alliance in tele-speech therapy has been investi-
gated by Freckmann et al.,47 suggesting that rehabilitation
at a distance does not provide a negative influence on ther-
apist–client rapport. Moreover, a systematic review of
videoconferencing interventions for long-term conditions
supports the feasibility of this delivery modality, assuring
a good level of therapeutic alliance.48

This work is not free from limitations. First, the sample
size of people who fully adhered to the intervention is
small, and, given the longer-than-expected recruitment
period, we could not prolong the enrolment phase to
include additional subjects in the research. This issue may
have undermined the power of the study. In retrospect,
some standardized measures, such as the motivation and
fatigue scales, should have been administered twice
instead of once before/after the treatment, allowing us to
capture the perceived experience trend with a quantitative
approach. Similarly, we qualitatively investigated the
beliefs about the relationship with the therapists in
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telerehabilitation only after the first week of treatment, and
this timing may have introduced a bias and did not allow us
to evaluate the stereotypes on tele-speech therapy. Future
research should overcome these limits. Another final con-
sideration is the area of enrolment, a metropolitan city,
which is not representative of some needs in rural condi-
tions, which may encounter internet connections issues.

Conclusion
In conclusion, the modality of treatment delivery (in-site
versus telerehabilitation) is a relevant factor in determining
eligibility for an intensive voice rehabilitation program in
people with MS. Telerehabilitation promotes higher adher-
ence than conventional in-site modality and is a safe and
feasible way to deliver the intervention for people experien-
cing accessibility barriers and a high level of disability.
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