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ABSTRACT

Background Functional motor disorders (FMD) cause
long-term disability and economic burden. There is a
need for multidisciplinary interventions to manage both
motor and non-motor symptoms. We aim to evaluate
the clinical and economic effects of integrating digital
telemedicine into multidisciplinary FMD management.
Methods This single-blind, randomised controlled

trial involved patients with FMD. They were randomly
assigned to receive 5-day multidisciplinary rehabilitation
with either a digital telemedicine or a standard care
programme. The digital telemedicine group received
remote management and wearable sensors. A blinded
evaluator assessed primary and secondary outcomes

at baseline, post-treatment, 12-week and 24-week
follow-ups. The primary outcomes were changes in motor
symptoms. The secondary outcomes were changes in
non-motor symptoms, quality of life (QoL) and mobility in
unsupervised settings. The incremental cost-effectiveness
ratio (ICER) and quality-adjusted life years (QALYs) were
calculated at 24 weeks.

Results Of the total of 62 patients, half made up the
digital telemedicine group (n=31, 40.82% female, mean
age 42.55+12.65 years) and half the standard care
group (n=31, 59.18% female, mean age 43.77+14.44
years). The mental QoL score for the standard care group
was lower (p=0.045) and declined compared with the
digital telemedicine group (p=0.034), with lower scores
at follow-up (p=0.03). At 24 weeks, the ICER (€5503/
QALY) showed that digital telemedicine, despite higher
initial costs, yielded 0.037 additional QALYs and reduced
healthcare use during follow-up.

Conclusions Despite similar improvements in motor
symptoms in both groups, digital telemedicine offers

an effective adjunct to maintain mental health QoL and
reduces healthcare costs in the long-term management
of FMD.

Trial registration number ClinicalTrials.gov ID:
NCT05345340.

INTRODUCTION

Patients with functional motor disorders (FMD),
a subset of functional neurological disorders
(FND), present with motor (eg, limb weakness,
tremors, dystonia, gait/postural control disorders)
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Functional motor disorders cause long-term
disability and economic burden.

WHAT THIS STUDY ADDS

= Our evaluation of the clinical outcome and
economic impact of digital telemedicine in
patients with functional motor disorders shows
that it can offer an effective adjunct to maintain
mental health—related quality of life and reduce
healthcare costs in the long-term management
of FMD, despite similar improvements in motor
symptoms in both groups.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study provides evidence for the integration
of digital telemedicine into routine care for
patients with FMD and for its potential to
improve mental health long-term outcomes,
quality of life and reduce healthcare costs.

and non-motor (eg, cognitive impairments, pain,
fatigue) symptoms, associated with long-term
disability and high healthcare costs.'® FMDs are
highly prevalent in neurological settings, affecting
an estimated 10-15% of patients.”

Recent advancements have furthered our under-
standing of the pathophysiology underlying FMD, in
which body-mind interactions are disrupted within
a predictive coding framework.® ° For example,
altered internal models and brain network dysfunc-
tions, notably limbic system overactivity which
advises a perception of voluntariness to involuntary
movements.® These mechanisms give rise to diverse
symptoms (weakness, tremors, dystonia, gait distur-
bances) and substantial disability.® 8

Evidence supports tailored, multidisciplinary
treatment within a biopsychosocial framework
to enhance functional recovery and quality of
life (QoL); indeed, rehabilitation is a cornerstone
of FMD management.® '° A recent multicentre
randomised controlled trial (RCT) demonstrated
that specialist physiotherapy improved motor
symptoms (59% vs 38%) and enhanced mental

BM) Group

Gandolfi M, et al. J Neurol Neurosurg Psychiatry 2025;0:1-10. doi:10.1136/jnnp-2025-336437 1

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Aq paloslold
maybausiy
©09101|q1g 18 G202 ‘9 1900190 U0 /wod wa duuly/:dny woiy papeojumod ‘GZ0Z Jaqueldas § uo Le¥9gg-G202-duul/9eTT 0T se paysiignd 1si1 :A1jeiyohsd BinsoinaN |0InaN


http://jnnp.bmj.com/
http://orcid.org/0000-0002-0877-4807
http://orcid.org/0000-0003-0462-3945
http://orcid.org/0000-0002-2370-7063
http://orcid.org/0000-0001-9754-2815
http://orcid.org/0009-0002-5664-393X
https://doi.org/10.1136/jnnp-2025-336437
https://doi.org/10.1136/jnnp-2025-336437
http://crossmark.crossref.org/dialog/?doi=10.1136/jnnp-2025-336437&domain=pdf&date_stamp=2025-09-05
http://jnnp.bmj.com/

Movement disorders

health, social functioning and anxiety outcomes compared with
standard care.!' No statistically significant differences in phys-
ical functioning, as measured with Short Form-36 (SF-36), were
observed at 12 months postrandomisation, however.'! This lack
of objective improvement has fuelled ongoing debate and uncer-
tainty about the optimal therapeutic approach to FMD. Innova-
tive, targeted approaches are needed to bridge the gap between
subjective improvement and objective clinical outcomes in FMD
management.

Digital tools integrated with telemedicine may improve
outcomes by enabling long-term remote monitoring and individ-
ualised care in unsupervised settings, thus potentially reducing
healthcare costs.'* ¥ Preliminary evidence from two observa-
tional studies suggests that telemedicine, either as a standalone
intervention or integrated into multidisciplinary protocols,
may bring medium-term rehabilitation benefits such as reduced
motor symptom severity and fatigne in FMD."" '? These findings
require confirmation through fully powered randomised trials.

With the present single-blind RCT, we wanted to evaluate
the clinical effects and economic impact of integrating digital
telemedicine into multidisciplinary FMD management, with a
focus on changes in motor and non-motor symptoms, health
perception and healthcare costs. Our hypothesis was that when
supported by digital devices, telemedicine may enhance multi-
disciplinary care and foster self-management, improve QoL and
optimise healthcare resource utilisation.

METHODS
Study design and participants
This single-blind, parallel-arm RCT was registered on clinical-
trials.gov (ID NCT05345340). Reporting followed the Consol-
idated Standards of Reporting Trials and Consolidated Health
Economic Evaluation Reporting Standards.'* ** Blinded asses-
sors evaluated primary and secondary outcomes at baseline
(TO), postrehabilitation (T1), 12-week (T2) and 24-week (T3)
follow-ups. Cost-effectiveness was calculated at T3.
Consecutive patients were recruited from Neurologic Unit B,
University Hospital of Verona (Italy), between April 2022 and
March 2024. Inclusion criteria were: age =18 years, confirmed
FMD diagnosis,'® Mini-Mental State Examination'” score =24,
at least one motor symptom (ie, tremor, weakness, spasms,
dystonia, gait, balance disorders), access to a smartphone/
computer and basic digital literacy. Exclusion criteria were:
dissociative seizures as the predominant symptom, severe cogni-
tive/physical impairments, discontinuation of the 5-day rehabili-
tation intervention, incomplete data or lack of consent.

Ethical considerations

The study adhered to the Declaration of Helsinki and Good
Clinical Practice guidelines. Ethics approval was granted by the
local committee (Comitato Etico per la Sperimentazione Clinica
delle Province di Verona e Rovigo Project Number: 3695CESC).
Patients signed the written informed consent form at enrolment.

Randomisation

Patients were randomised 1:1 via a web-based system (www.
randomisation.org) to receive either a digital telemedicine inter-
vention (DTi, experimental group) or standard care (control
group). Only the principal investigator had access to the rando-
misation list.

Study procedures and interventions
Patients completed a 5-day, 2 hour/day rehabilitation programme
in person at Neurologic Unit B (University Hospital of Verona,

Italy) to restore normal movement patterns within a multidis-
ciplinary framework following validated protocols."*° On
completion of the programme, the patients were allocated to
receive the DTi or standard care for 24 weeks.

Digital telemedicine intervention

The intervention consisted of a coadjuvant 24-week telemed-
icine programme incorporating remote telemedicine home-
based sessions (30 min/session, 1 session/week, 24 weeks) and
self-management sessions (1hour/session, 2 sessions/week, 24
weeks) to empower their self-management strategies. A tele-
medicine platform (PHOEMA GPI PLATFORM, Trento, Italy)
was used to handle scheduling, notifications and data tracking.
The patients received a wearable device (Polar Vantage M, Polar
Electro, Kempele, Finland) for monitoring remote activity and
to record unsupervised activity at T1, T2 and T3 in 5-day moni-
toring phases (online supplemental Table 1).

Standard care

Standard care consisted of 24 weeks of self-management home-
based sessions (1hour/session, 3 sessions/week, 24 weeks)
without telemedicine support.?

Outcome measures

Patient demographics (age, sex) and clinical history (motor and
non-motor symptoms onset, disease duration, neurological,
psychiatric or medical comorbidities, previous organic diagnosis)
were collected at enrolment.® Inperson assessment included
primary and secondary outcomes.

Primary outcome

The primary outcome measure was changes in motor symptom
severity and duration, as measured with the objective-rated
Simplified Functional Movement Disorders Rating Scale (range,
0-54; higher scores indicate more motor symptoms) collected at
TO, T1, T2 and T3.*!

Secondary outcomes
The secondary outcomes were changes in fatigue and pain (TO0,
T1, T2, T3), QoL, alexithymia, anxiety, depression (T0, T2, T3)
and perception of change (T1, T2, T3)."® The Multidimensional
Fatigue Inventory Scale (MFI-20) was applied to assess fatigue,
differentiate between general and physical fatigue, decreased
motivation and activity and mental fatigue (subscale range, 4-20;
higher scores mean more perceived fatigue).”* The Brief Pain
Inventory was applied to measure pain intensity (subscale range,
0-40; higher scores mean more intense pain) and interference
(subscale range, 0-70; higher scores mean greater pain inter-
ference in daily activities).”> The Toronto Alexithymia Scale-20
evaluated the ability to identify, recognise and express emotions
(range, 20-100; higher scores mean more difficulties).”> The
Beck Depression Inventory (range, 0-63, higher scores mean
more depressive symptoms), and the Beck Anxiety Inventory
(range, 0-63, higher scores mean more anxiety symptoms) were
applied to measure depression and anxiety, respectively.* %
The self-rated Mental Health and Physical Functioning scale
of the 12-item Short-Form Health Survey evaluated QoL (SF-
12, range, 0-100; higher scores mean better mental and physical
health).”® The 7-point Clinical Global Impression (CGI) scale
evaluated the self-rated perception of change after treatment
(from 1-very much improved to 7—very much worse).>’
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Movement disorders

Unsupervised assessment
The wearable device synchronised data via the device flow plat-
form to capture step count, activity duration, caloric expendi-
ture and sleep patterns for asynchronous review. Measures of
feasibility were the number of days worn and problems with
synchronising the devices.

Economic impact
Healthcare resource utilisation was measured via a question-
naire based on the Institute for Medical Technology Assessment
(iMTA) Medical Cost Questionnaire.”® Data collection covered
the period from TO to T3. Participants provided retrospective
self-reports of healthcare utilisation, including specialist and
general practitioner visits, diagnostic tests, hospitalisations, reha-
bilitation services and physiotherapy.! > To ensure consistency,
trained researchers administered the survey and standardised
follow-up procedures without differentiating between the
intervention and the control group. Costs were categorised as
direct healthcare costs and intervention-specific costs.' > Direct
healthcare costs included expenditures for managing FMD,
such as specialist visits, diagnostic procedures and rehabilitation
services.! 2 The costs were calculated based on current Italian
healthcare reference tariffs, including diagnosis-related group
rates for hospitalisation and outpatient services (Nomenclatore
Tariffario Prestazioni Specialistiche Ambulatoriali). Interven-
tion costs specific to the DTi were estimated using a bottom-up
microcosting method.?” The costs include materials, such as the
telemedicine platform and wearable devices and the physiother-
apist’s time for data analysis (an estimated 10 min per session)
and for conducting the telerehabilitation sessions (an estimated
20min per session multiplied by hourly wage). In addition,
outpatient physiotherapy service tariffs were used for compar-
ative reference. Detailed cost calculations are given in online
supplemental Table 2.

We derived quality-adjusted life years (QALYs) by mapping the
SF-12 QoL scores into utility weights.*°

Sample size and statistical analyses

A sample size of 56 patients was necessary, assuming o.=0.05
(probability of type 1 error) and an 80% power to detect a mean
difference of 4.66 (standard deviation (SD) 5.2) in the primary
outcome measure (S-FMDRS) using a test for two groups of pre-
post scores (PASS V.14).'8 Assuming a 10% drop-out rate, 62
patients (31 per group) were necessary to perform the study.

Intention-to-treat analysis was the last observation carry
forward method addressed missing data. Descriptive statistics
(means and SD) were calculated and categorical variables anal-
ysed using the > test. The Shapiro-Wilk Test showed normal
distribution. Two-way mixed ANOVA assessed clinical outcomes
with Time (T0, T1, T2, T3) as a within-group factor and Group
(DTi vs standard care) as a between-group factor, including their
interaction (timeXgroup). A two-tailed unpaired Student’s t-test
was used for between-group comparisons. Statistical significance
was set at p value <0.05 and Bonferroni’s correction was applied
for multiple comparisons. Statistical analysis was performed
using JASP (V.0.15).

For the economic analysis, we computed the incremental cost-
effectiveness ratio (ICER) by dividing the incremental cost by
the incremental effect (QALY gain at 24 weeks) between the two
groups. Bootstrap analyses with 10 000 simulations estimated
the probability of DTi being cost-effective compared with stan-
dard care based on a willingness-to-pay (WTP) threshold of
€30 000 per QALY in Italy. The ICERs were calculated from a

healthcare perspective, including intervention and direct health-
care costs using both microcosting and regional National Health
System reference costs; this resulted in two distinct ICERs. As
the time horizon was 24 weeks, discounting was not applied.®' >

RESULTS

Of the 152 patients assessed for eligibility, 62 were randomly
assigned to receive either DTi (n=31) or standard care
(n=31). Three patients from each group were lost to follow-up
(drop-out) (figure 1). No adverse events or safety concerns were
observed. Table 1 presents sample demographics and clinical
characteristics.

Between-group analysis revealed no significant differences in
age (p=0.723), disease duration (p=0.840), motor and non-
motor symptoms (all, p>0.05) and comorbidities (all, p>0.05).
Fewer women (p=0.005) and more dystonic symptoms were
noted in the DTi group (p=0.046) than in the standard care
group. Baseline outcome measures showed no significant
between-group differences (online supplemental Table 3).

Primary outcome

No significant main effect of group or timeXgroup interaction
was observed, indicating similar changes in both groups over
time. Post-hoc tests revealed a significant main effect of time
(F(3) = 34.561, p<0.001), with improvements from TO to T1,
T2 and T3 (all p<0.001) (table 2).

Secondary outcomes

A significant group effect was observed for mental QoL scores,
which were lower in the standard care than in the DTi group
(F(1) = 4.172, p=0.045). There were no significant group
differences for fatigue, pain, depression, anxiety, alexithymia or
physical QoL. Patient-reported perception of change at the CGI
showed no significant differences (tables 2—-4).

There was a significant timeXgroup interaction for mental
QoL scores (F(2) = 3.464, p=0.034), with a decline from T2
to T3 in the standard care group (p=0.032), which were lower
than those recorded for the DTi group at T3 (p=0.03). No other
significant interaction effects were observed (tables 2—4).

As regards the time effect, fatigue dimensions improved
considerably: general (F(3) = 25.758, p<0.001), physical (F(3)
= 34.120, p<0.001) and mental fatigue (F(3) = 3.885, p=0.01),
reduced activity (F(3) = 14.255, p<0.001) and motivation (F(3)
= 7.707, p<0.001). An improvement in general and physical
fatigue was observed at all follow-ups, while mental fatigue
scores decreased from TO to T1. Reduced activity and motiva-
tion improved initially but then worsened by T3 (p=0.049 and
p=0.001, respectively). Pain interference decreased from TO to
T1 (p=0.005) but worsened at T3 (p=0.027) (F(3) = 4.659,
p=0.004). Pain intensity remained unchanged. Depression (F(2)
= 4.155, p=0.018) and anxiety (F(2) = 15.761, p<0.001)
scores decreased over time, with the greatest decreases recorded
at T2 and T3 (all p<0.001). Alexithymia improved from TO to
T2 (F(2) = 4.807, p=0.007). Physical QoL improved from TO to
T2 and T3 (F2) = 19.863, p<0.001; all p<0.001) (tables 2-4).

Unsupervised assessment

Usable data were collected from 29/31 (93.5%) DTi group
patients at T1, 18 (58.1%) at T2 and 14 (45.2%) at T3. Missing
data were due to: incorrect device usage (n=2) at T1; device
unavailability (n=2) or patient dropout (n=3) at T2; improper
use of the device or failure to synchronise it correctly (n=14)
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[ Enrollment ]

Assessed for eligibility (n= 152)

Excluded (n= 90)

+ Not meeting inclusion criteria (n= 90)
+ Declined to participate (n= 0)

+ Other reasons (n=0)

Randomized (n=62)

. { Allocation } A4
Allocated to the DTi group (n=31) Allocated to the Standard Care group (n=31)
+ Received allocated intervention (n=31) + Received allocated intervention (n=31)
+ Did not receive the allocated intervention + Did not receive the allocated intervention

(n=0) (n=0)
\ [ Follow-Up ] Y
A& J

Lost to follow-up (n= 3) Lost to follow-up (n= 3)
Discontinued intervention (n= 0) Discontinued intervention (n= 0)

v [ Analysis ] v

Analysed (n=31)
+ Excluded from analysis (n= 0)

Figure 1  Study flow chart. DTi, digital telemedicine intervention.

at T3. Online supplemental table 4 presents the data on daily
activity time, step count, caloric expenditure and sleep duration.

Economic impact

Healthcare costs

The total healthcare costs for the DTi group were approximately
€229 compared with €607 for the standard care group. This
difference was not statistically significant (p=0.15), however
(table 5). The main difference between the two groups could
be attributed to the costs for specialist visits and rehabilitation:
the mean cost for specialist visits was €31.62 for the DTi group
and €66.76 for the standard care group (p=0.08); the mean cost
for rehabilitation was €120.90 for the DTi group and €473.00
for the standard care group (p=0.08). Most rehabilitation costs
were for physiotherapy. The cost breakdown for the DTi group
was €384.68 for physiotherapy versus €104.41 for the stan-
dard care group (p=0.21), €35.55 for instrumental visits versus
€22.13 for the standard care group (p=0.73) and €40.58 for

Analysed (n= 31)
+ Excluded from analysis (n= 0)

the general practitioner fees versus €45.50 for the standard care
group (p=0.9).

Intervention costs

The average intervention costs per participant were €282, as
determined by bottom-up microcosting, and €582 calculated
using the regional fee schedule (Nomenclatore Tariffario). The
average cost for a DTi group patient was approximately €511
or €811 based on the regional tariff versus €607 for a standard
care group patient.

Cost and QoL

The intervention’s impact on QoL and costs was assessed rela-
tive to standard care. The incremental effect was 0.037 QALYs.
According to the bottom-up microcosting method, the incre-
mental cost was —€99.38, resulting in an ICER of —€2675.93/
QALY, meaning that the DTi was less expensive than stan-
dard care (table 6). Bootstrapping analysis revealed an 85%
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Table 1 Patient demographics and clinical characteristics at baseline before entering the 5-day inperson rehabilitation programme
All patients DTi Standard care Between-group
(n=62) (n=31) (n=31) analysis,P
Mean age, years (+ SD)" 43.1 (13.48) 42.55 (12.65) 43.77 (14.44) 0.723
Women, no. (%)" 49 (79.03) 20 (40.82) 29 (59.18) 0.005%
Mean duration symptoms, years (+ D)’ 8.3(4.1) 3.81 (4.35) 4.49 3.9) 0.840
Clinical characteristics—no. (%)
Motor symptoms
Tremor 39(62.9) 20 (64.52) 19 (61.29) 0.793
Weakness 48(77.42) 25 (80.65) 23 (74.19) 0.544
Dystonia 17 (27.42) 12 (38.71) 5(16.13) 0.046%
Myoclonus 11(17.74) 4(12.9) 7 (22.58) 0.319
Facial disorders 12 (19.35) 4(13.9) 8(25.81) 0.199
Gait impairments 47 (75.81) 23 (74.19) 24 (77.42) 0.767
Parkinsonism 8(12.9) 6(19.35) 2 (6.45) 0.130
Tics 6(9.68) 3(9.68) 3(9.68) 1
Voice disorders 17 (27.42) 7(22.58) 10 (32.26) 0.393
Swallowing disorders 13 (20.97) 7(22.58) 6(19.35) 0.755
FMDs phenotypet
Isolated 5 (8.06) 2 (6.45) 3(9.68) 0.641
NMSst
Reported fatigue 44 (70.97) 22 (70.97) 22 (70.97) 1
Reported chronic pain 46 (74.19) 23 (74.19) 23 (74.19) 1
Previous organic disease/comorbidities'®
Neurological disease 20 (31) 11 (34) 9 (28) 0.79
Psychiatric disease 9 (14) 3(9) 6(19) 0.47
Medical disease 34 (53) 16 (50) 18 (56) 0.80

*For statistical tests: two sample independent t-test.

’rxz test, Fisher's exact test.

$p<0.05.

§Patients could have one or more organic disease/comorbidities.

DTi, digital telemedicine intervention; FMDs, functional motor disorders; NMSs, non-motor symptoms.

probability that the DTi was cost effective when the WTP was set
at €30 000. When we used the outpatient tariff for rehabilitation
sessions, the incremental cost was €200.41, resulting in an ICER
of €5503/QALY, meaning that the DTi was more expensive than
standard care; however, the ICER was lower than the Italian
cost-effectiveness threshold of €30 000/QALY. There was a 78%
probability of the DTi programme being cost-effective in this
case. Ultimately, this suggests that the DTI was cost-effective.
Caution is warranted when interpreting the results owing to
the high degree of uncertainty in the probability of being cost-
effective, as shown by the bootstrapping analysis. This uncer-
tainty was primarily due to the small sample size.

DISCUSSION

The most notable finding of our study is the lack of deterioration
in mental QoL scores for the DTi group, despite both groups
exhibiting similar improvements in motor and non-motor symp-
toms. At 24 weeks, the ICER (€5503/QALY) indicated that
despite higher initial costs, DTi yielded additional health bene-
fits (0.037 QALYs) and significantly reduced healthcare service
utilisation during follow-up.

Telemedicine provides innovative approaches to managing
movement disorders and allows for regular objective symptom
assessment and treatment adherence in real-world settings.* *
Indeed, it broadens access to specialised care through telemon-
itoring, teleconsultation, tele-education and teletreatment.*’
Previous studies report acceptable feasibility, cost and time

savings, patient and physician satisfaction and outcome and
impact on morbidity and QoL.*’

Ours is the first study to integrate digital technologies into a
coadjuvant telemedicine programme for patients with clinically
definite FMD. Although this limits direct comparison,*® parallels
can be drawn with previous research, nonetheless.

Compared with our earlier observational study, where the
telemedicine group showed greater improvements in motor
symptoms (S-FMDRS), physical fatigue (MFI-20) and self-rated
change (CGI) after a 5-day rehabilitation treatment followed by
12 weeks self-management, the current RCT did not demonstrate
the superiority of the adjunctive DTi for motor and non-motor
outcomes. The key difference we believe lies in the mental QoL
scores: no significant improvements were previously observed
in either its physical or mental components (SF-12), whereas
the current RCT demonstrated a notable benefit in the mental
domain. This discrepancy likely reflects the differences in study
design, since both studies used the same measures. The more
rigorous RCT design provided stronger evidence, minimising
biases inherent to observational studies.'®

Indeed, our findings are shared by a multicentre phase 3 RCT
involving 355 FMD patients in England and Scotland. The trial
compared specialist physiotherapy (nine sessions plus follow-up)
with standard care (referral to local neurological physio-
therapy). Like our results, no statistically significant effects
were observed in the physical functioning domain (SF-36) at
12-month follow-up. However, better mental health scores were
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Table 4  Clinical global impression scores at post-rehabilitation and follow-ups

T T2 13
no. (%) no. (%) no. (%)
cal DTi TAU DTi TAU DTi TAU Fisher's exact test
Improved 24 (77) 26 (84) 23 (74) 24 (77) 14 (14) 14 (14) T1 p=0.19
No change 7(23) 3(10) 5 (16) 4(13) 7(23) 2 (6) T2 p=1
Worsened 0(0) 2 (6) 3(10) 3(10) 10 (32) 15 (48) T3 p=0.16

Worsened: category includes minimally, much and very much worse.
No change: category includes no change.

CGl, Clinical Global Impression Questionnaire; DTi, Digital Telemedicine intervention; T1, post-treatment; T2, 12-week follow-up; T3, 24-week follow-up; TAU, treatment as usual.

reported among participants receiving specialist physiotherapy.
The consistency suggests that structured therapeutic engage-
ment, whether in person, digital or hybrid, primarily benefits
the mental health component of QoL in FMD patients."'

Our findings hold two-fold importance. First, they demon-
strate that multidisciplinary management, with structured diag-
nosis, patient education and rehabilitation, improves both motor
and non-motor symptoms, such as fatigue, depression, anxiety
and alexithymia, regardless of the DTi component.

Second, the differences in the mental QoL scores for the DTi
group suggest that the intervention may have reduced feelings
of abandonment and neglect commonly reported by FMD
patients.’” Continuous interaction through digital platforms and
wearables may have created a sense of ongoing support, coun-
teracting the perception of being left alone after initial rehabil-
itation. The DTi may also have enhanced patient engagement,
motivation and coping strategies, which are known to improve
psychological well-being in coping with chronic conditions.*®

Moreover, the use of wearable devices may have helped bridge
the gap between subjective experiences and objective findings
for FMD, providing the patients with tangible insights into their
daily activity.

Pick et al emphasised the need for consistent outcome
measures in FND research, proposing a specific framework for
FND that includes physical and psychological symptoms, life
impact and economic aspects assessed through both clinician-
reported and patient-reported tools. Following this approach,
our study adopted a broad evaluation of treatment effects.*” As in
most FMD trials, we selected as the primary outcome a clinician-
rated measure of motor symptom change (S-FMDRS).*” The
similar effect in clinician-rated outcomes despite a favourable
trend in the patient-reported mental health suggests a discon-
nect between clinical assessments and patients’ lived experience.
This gap highlights the need to reconsider which outcomes best
reflect meaningful change and disability in FND. As observed,
emotional factors (such as anxiety, depression, dissociation and
unhelpful illness beliefs) often influence symptom persistence

and QoL, potentially more than motor severity alone.* These
elements should therefore be central in future outcome develop-
ment. A combined use of clinician-focused and patient-focused
tools is essential to capture the full picture of recovery and
ensure care remains patient-centred.

Despite data attrition over time, unsupervised assessment
showed good initial acceptance of the DTi programme. The
DTi group consistently surpassed the 10 000-step daily recom-
mendation, averaging 6.32-7.23 km/day, suggesting that regular
physical activity may have contributed to sustained mental well-
being. Sleep duration also approached statistical significance,
warranting further research into its potential impact on pain
and fatigue. To date, no comparable long-term studies exist for
FMDs, unlike other movement disorders or chronic conditions
such as multiple sclerosis.*®

The DTi reduced healthcare costs (€229 for DTi vs €607 for
controls) by reducing the number of specialist visits and phys-
iotherapy needs. The ICER based on microcosting was —€99.
When tariff-based costs were applied, the ICER was €5416 per
QALY, an index well below the €30 000/QALY threshold applied
in Italy. In both cases, the DTi led to an improvement in clinical
conditions and a reduction in costs, with an 85% probability
using microcosting and a 78% probability using tariffs. This
means that some patients exceeded the cost-effectiveness thresh-
olds, suggesting not all FMD patients benefit equally. This vari-
ability raises a key question: which FMD patients may benefit
most from telemedicine? A recent single-blind RCT evaluating
a telemedicine intervention for fall prevention in Parkinson’s
disease reported cost-effectiveness especially for non-motor
outcomes and accessibility.** Our previous before-after study
involving 40 FMD patients also demonstrated sizeable reductions
in healthcare utilisation costs.! When we compared the number
of diagnostic tests, specialist visits, hospitalisations, emergency
room visits and rehabilitation services 2 years before and after
accurate diagnosis, we observed fewer unnecessary examinations
and greater uptake of rehabilitation. Our data also underscore
the importance of rehabilitative interventions for this complex

Table 5 Costs associated with healthcare resource utilisation over 24 weeks

Resource utilisation TAU DTi Mixed ANOVA
Patients —no. (%)  Visits—no.  Cost (€) Patients —no. (%)  Visits—no.  Cost (€) P value
Mean (SD) Mean (SD)

General practitioner visits 11 (0.50) 37 45.50 (64.88) 10 (0.45) 33 40.58 (51.30) 0.9

Specialist visits 14 (0.64) 39 66.76 (93.30) 9(0.41) 18 31.62 (74.14) 0.08
Instrumental visits 3(0.14) 3 22.13 (57.02) 2 (0.09) 5 35.55 (116.69) 0.73
Rehabilitation 8(0.36) 250 473.00 (963.25) 3(0.14) 91 120.90 (344.21) 0.08
Physiotherapy 6(0.27) 210 384.68 (784.58) 3(0.14) 82 104.41 (303.28) 0.21

Total costs and emergency room visits 607.39 (1033.03) 228.65 (384.30) 0.15

DTi, digital telemedicine intervention; TAU, treatment as usual.
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Table 6 Results of cost-effectiveness comparison: micro-costing versus standard tariff with ICER and cost-effectiveness probability

Probability cost-effectiveness, WTP Probability cost-effectiveness,

No. Incremental effect Incremental costs  ICER €15000 WTP €30000
Microcosting 44 0.037 -99.38 —2685.93 83% 85%
Using the tariff for a 44 0.037 200.41 5416.58 69% 78%

rehab session
ICER, incremental cost-effectiveness ratio; WTP, willingness to pay.

patient population from both clinical and economic standpoints.
Identifying predictive markers of telemedicine success could
optimise resource allocation and ensure that appropriate candi-
dates are targeted.

The strengths of the present study lie in being the first RCT
to integrate multidisciplinary management with digital telemed-
icine and remote monitoring in FMDs in a rigorous design, with
6-month follow-up, comprehensive clinical, QoL and economic
assessments and the use of affordable, easy-to-use wearable
devices. Thus, valuable insights may be gained for targeted
interventions and future healthcare strategies. The study limita-
tions are the long-term feasibility of remote monitoring, which
was hampered by technical issues such as incorrect device use,
synchronisation failures and logistic challenges in providing
devices at follow-ups. The economic evaluation was also limited
by the lack of assessment of indirect costs, such as productivity
loss.

CONCLUSION

Despite similar improvements in motor symptoms in both
groups, digital telemedicine may offer an effective adjunct to
maintain mental health, QoL and reduce healthcare costs in
long-term FMD management.

Acknowledgements This study was financially supported by the Giuseppe Manni
E.T.S. Foundation, a non-profit organisation with the mission to encourage and
support cutting-edge scientific and technological research in neuroscience.

Contributors All authors have contributed to data collection and have revised the
manuscript. MT and CL had designed and conceptualised the study. IADV enrolled
patients. AS, ZM, MF and CG collected the data; MG, GM and SL planned and
performed statistical analyses. MG and SL wrote the paper and are the responsible
authors for the overall content, acting as guarantors. MT, CL and FS revised the final
draft.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.
Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by
Comitato Etico per la Sperimentazione Clinica delle Province di Verona e Rovigo
Project Number: 3695CESC Participants gave informed consent to participate in the
study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available upon reasonable request.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is

properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Marialuisa Gandolfi http://orcid.org/0000-0002-0877-4807
Angela Sandri http://orcid.org/0000-0003-0462-3945
Christian Geroin http://orcid.org/0000-0002-2370-7063
Zoe Menaspa http://orcid.org/0000-0001-9754-2815
Melania Fasoli http://orcid.org/0009-0002-5664-393X

REFERENCES

1 Tinazzi M, Gandolfi M, Menaspa Z, et al. Reducing healthcare costs by
timely diagnosis and management in functional motor disorders. Neurol Sci
2025;46:1191-200.

2 Tinazzi M, Gandolfi M, Landi S, et al. Economic Costs of Delayed Diagnosis of
Functional Motor Disorders: Preliminary Results From a Cohort of Patients of a
Specialized Clinic. front Neurol 2021;12:786126.

3 Watson M, Woodward J, Strom LA. The Financial Burden of Functional Neurological
Disorders. Curr Neurol Neurosci Rep 2023;23:637—-43.

4 0'Mahony B, Nielsen G, Baxendale S, et al. Economic Cost of Functional Neurologic
Disorders: A Systematic Review. Neurology (ECronicon) 2023;101:e202—-14.

5 Serranova T, Di Vico |, Tinazzi M. Functional Movement Disorder: Assessment and
Treatment. Neurol Clin 2023;41:583-603.

6 Tinazzi M, Morgante F, Marcuzzo E, et al. Clinical Correlates of Functional Motor
Disorders: An Italian Multicenter Study. Mov Disord Clin Pract 2020;7:920-9.

7 Carson A, Lehn A. Chapter 5 epidemiology. 2016.

8 Hallett M, Aybek S, Dworetzky BA, et al. Functional neurological disorder: new
subtypes and shared mechanisms. Lancet Neurol 2022;21:537-50.

9 Aybek S, Perez DL. Diagnosis and management of functional neurological disorder.
BMJ 2022;376:064.

10 Perez DL, Edwards MJ, Nielsen G, et al. Decade of progress in motor functional
neurological disorder: continuing the momentum. J Neurol Neurosurg Psychiatry
2021;2021:1-10.

11 Nielsen G, Stone J, Lee TC, et al. Specialist physiotherapy for functional motor disorder
in England and Scotland (Physio4FMD): a pragmatic, multicentre, phase 3 randomised
controlled trial. Lancet Neurol 2024:23:675-86.

12 Kvedar JC, Fogel AL, Elenko E, et al. Digital medicine’s march on chronic disease. Nat
Biotechnol 2016;34:239-46.

13 Steinhubl SR, Topol EJ. Digital medicine, on its way to being just plain medicine. npj
Digital Med 2018;1:20175.

14 Husereau D, Drummond M, Augustovski F, et al. Consolidated Health Economic
Evaluation Reporting Standards 2022 (CHEERS 2022) Statement: Updated Reporting
Guidance for Health Economic Evaluations. Clin Ther 2022;44:158-68.

15 Schulz KF, Altman DG, Moher D, et al. CONSORT 2010 statement: updated guidelines
for reporting parallel group randomized trials. Ann Intern Med 2010;152:726-32.

16 Gupta A, Lang AE. Psychogenic movement disorders. Curr Opin Neurol
2009;22:430-6.

17 Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical method
for grading the cognitive state of patients for the clinician. J Psychiatr Res
1975;12:189-98.

18 Gandolfi M, Sandri A, Geroin C, et al. Improvement in motor symptoms, physical
fatigue, and self-rated change perception in functional motor disorders: a prospective
cohort study of a 12-week telemedicine program. J Neurol 2022;269:5940-53.

19 Nielsen G, Stone J, Matthews A, et al. Physiotherapy for functional motor disorders: a
consensus recommendation. J Neurol Neurosurg Psychiatry 2015;86:1113-9.

20 Gandolfi M, Riello M, Bellamoli V, et al. Motor and non-motor outcomes after a
rehabilitation program for patients with Functional Motor Disorders: A prospective,
observational cohort study. NeuroRehabilitation 2021;48:305-14.

21 Nielsen G, Ricciardi L, Meppelink AM, et al. A Simplified Version of the Psychogenic
Movement Disorders Rating Scale: The Simplified Functional Movement Disorders
Rating Scale (S-FMDRS). Mov Disord Clin Pract 2017,;4:710-6.

22 Smets EM, Garssen B, Bonke B, et a/. The Multidimensional Fatigue Inventory
(MFI) psychometric qualities of an instrument to assess fatigue. J Psychosom Res
1995;39:315-25.

Gandolfi M, et al. J Neurol Neurosurg Psychiatry 2025;0:1-10. doi:10.1136/jnnp-2025-336437

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw elep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold
" meybausiy
©o9]0l|q!g e GZ0Z ‘9 19q0100 uo /woo [wg duul/:diy woiy papeojumod 'SZ0z Jaquardas § uo Ley9ge-G20z-duul/oeTT 0T se paysiignd 1sui) :AirelyoAsd BinsoinaN [0JnaN ¢


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-0877-4807
http://orcid.org/0000-0003-0462-3945
http://orcid.org/0000-0002-2370-7063
http://orcid.org/0000-0001-9754-2815
http://orcid.org/0009-0002-5664-393X
http://dx.doi.org/10.1007/s10072-024-07865-2
http://dx.doi.org/10.3389/fneur.2021.786126
http://dx.doi.org/10.1007/s11910-023-01298-8
http://dx.doi.org/10.1212/WNL.0000000000207388
http://dx.doi.org/10.1016/j.ncl.2023.02.002
http://dx.doi.org/10.1002/mdc3.13077
http://dx.doi.org/10.1016/S1474-4422(21)00422-1
http://dx.doi.org/10.1136/bmj.o64
http://dx.doi.org/10.1136/jnnp-2020-323953
http://dx.doi.org/10.1016/S1474-4422(24)00135-2
http://dx.doi.org/10.1038/nbt.3495
http://dx.doi.org/10.1038/nbt.3495
http://dx.doi.org/10.1038/s41746-017-0005-1
http://dx.doi.org/10.1038/s41746-017-0005-1
http://dx.doi.org/10.1016/j.clinthera.2022.01.011
http://dx.doi.org/10.7326/0003-4819-152-11-201006010-00232
http://dx.doi.org/10.1097/WCO.0b013e32832dc169
http://dx.doi.org/10.1016/0022-3956(75)90026-6
http://dx.doi.org/10.1007/s00415-022-11230-8
http://dx.doi.org/10.1136/jnnp-2014-309255
http://dx.doi.org/10.3233/NRE-201617
http://dx.doi.org/10.1002/mdc3.12475
http://dx.doi.org/10.1016/0022-3999(94)00125-o
http://jnnp.bmj.com/

Movement disorders

23 Caraceni A, Mendoza TR, Mencaglia E, et a/. A validation study of an Italian version 33 Shalash A, Spindler M, Cubo E. Global Perspective on Telemedicine for Parkinson’s
of the Brief Pain Inventory (Breve Questionario per la Valutazione del Dolore). Pain Disease. J Parkinsons Dis 2021;11:511-8.
1996,65:87-92. 34 Cubo E, Rohani M, Eissazade N, et al. Cost-utility analysis of a coadjutant
24 Beck A.T, Beck AT, Steer RA, et al. Manual for the Beck Depression Inventory-Il. San telemedicine intervention for fall prevention in Parkinson’s disease. Eur J Neurol
Antonio, TX: Psychological Corporation, 1996. 2025;32:216561.
25 Beck A.T. & SRA. Beck Anxiety Inventory Manual. San Antonio, TX: Harcourt Brace and 35 Pretzer-Aboff |, Prettyman A. Implementation of an Integrative Holistic
Company, 1993. Healthcare Model for People Living with Parkinson'’s Disease. Gerontologist
26 Ware JE, Kosinski M, Keller SD. A 12-Item Short-Form Health Survey: Construction of 2015;55 Suppl 1:5146-53.
Scales and Preliminary Tests of Reliability and Validity. Med Care 1996;34:220-33. 36 Salaomi F, Bonardi G, Schena F, et al. Wearable devices for gait and posture
27 Scale WG. The ecdeu assessment manual for psychopharmacology, revised. In: US monitoring via telemedicine in people with movement disorders and multiple
Department of Health, Education, and Welfare Publication (ADM). 76. . Rockville, MD: sclerosis: a systematic review. Expert Rev Med Devices 2024;21:121-40.
National Institute of MentalHealth, 1976: 218-22. 37 Nielsen G, Buszewicz M, Edwards M), et al. A qualitative study of the experiences
28 Bouwmans C, Koopmanschap M, Krol M, et al. Manual of the iMTA Productivity Cost and perceptions of patients with functional motor disorder. Disabil Rehabil
Questionnaire (iPCQ). 2013. 2020;42:2043-8.
29 Franklin M, Lomas J, Walker S, et al. An Educational Review About Using Cost Data for 38 Taylor ML, Thomas EE, Vitangcol K, et al. Digital health experiences reported in chronic
the Purpose of Cost-Effectiveness Analysis. Pharmacoeconomics 2019;37:631-43. disease management: An umbrella review of qualitative studies. J Telemed Telecare
30 Gray AM, Rivero-Arias O, Clarke PM. Estimating the association between SF-12 2022;28:705-17.
responses and EQ-5D utility values by response mapping. Med Decis Making 39 Pick S, Anderson DG, Asadi-Pooya AA, et al. Outcome measurement in functional
2006;26:18-29. neurological disorder: a systematic review and recommendations. J Neurol Neurosurg
31 Caldwell D. Decision Modelling for Health Economic Evaluation. Int J Epidemiol Psychiatry 2020;91:638-49.
2007;36:476-7. 40 Pick S, Goldstein LH, Perez DL, et al. Emotional processing in functional neurological
32 Briggs AH, Karl C, Sculpher MJ. Decision modelling for health economic evaluation. disorder: a review, biopsychosocial model and research agenda. J Neurol Neurosurg
2011;237. Psychiatry 2019;90:704—-11.
10 Gandolfi M, et al. J Neurol Neurosurg Psychiatry 2025;0:1-10. doi:10.1136/jnnp-2025-336437

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw elep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

maybausiy
©09101|q1g 18 G202 ‘9 1900190 U0 /wod wa duuly/:dny woiy papeojumoq ‘GZ0Z Jaquieldas § uo Le79gg-G202-duul/9eTT 0T se paysiignd 1si1y :A1jeiyohsd BinsoinaN |0inaN


http://dx.doi.org/10.1016/0304-3959(95)00156-5
http://dx.doi.org/10.1097/00005650-199603000-00003
http://dx.doi.org/10.1007/s40273-019-00771-y
http://dx.doi.org/10.1177/0272989X05284108
http://dx.doi.org/10.1093/IJE/DYM062
http://dx.doi.org/10.3233/JPD-202411
http://dx.doi.org/10.1111/ene.16561
http://dx.doi.org/10.1093/geront/gnv004
http://dx.doi.org/10.1080/17434440.2023.2298342
http://dx.doi.org/10.1080/09638288.2018.1550685
http://dx.doi.org/10.1177/1357633X221119620
http://dx.doi.org/10.1136/jnnp-2019-322180
http://dx.doi.org/10.1136/jnnp-2019-322180
http://dx.doi.org/10.1136/jnnp-2018-319201
http://dx.doi.org/10.1136/jnnp-2018-319201
http://jnnp.bmj.com/

	Clinical outcomes and economic impact of a digital telemedicine intervention in patients with functional motor disorders: a single-­blind, ﻿﻿randomised﻿﻿ controlled trial
	Abstract
	Introduction﻿﻿
	Methods
	Study design and participants
	Ethical considerations
	﻿﻿Randomisation﻿﻿
	Study procedures and interventions
	Digital telemedicine intervention
	Standard care
	Outcome measures
	Primary outcome
	Secondary outcomes
	Unsupervised assessment
	Economic impact
	Sample size and statistical analyses

	Results
	Primary outcome
	Secondary outcomes
	Unsupervised assessment
	Economic impact
	Healthcare costs
	Intervention costs
	Cost and QoL


	Discussion
	Conclusion
	References


