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Featured Application

The study suggests that LSVT BIG, previously established for Parkinson’s Disease, may also improve
balance and gait in patients with Multiple Sclerosis. Clinicians could consider incorporating LSVT BIG
exercises into rehabilitation programs for MS, potentially enhancing mobility and reducing fall risk.

Abstract

Background: Lee Silverman Voice Treatment (LSVT) BIG is a well-established exercise program in
Parkinson’s Disease (PD), but its effectiveness in other neurological disorders is not well studied.
This pilot study examined whether LSVT-BIG similarly improves balance and gait in MS patients
compared to PD. Methods: A pilot clinical trial was conducted with two participant groups: MS and
PD. Assessments were performed before, during, and after the 4-week LSVT BIG intervention, which
followed the established PD protocol of one-hour sessions, four consecutive days per week. Balance
and gait were evaluated using the mini-Balance Evaluation Systems Test (mini-BESTest), Timed Up
and Go (TUG), and Functional Gait Assessment (FGA). Single-leg stance time on firm, foam, and
inclined surfaces was also measured. Data analysis was carried out using mixed ANOVA in SPSS
v24. Results: Twelve participants completed the study (6 PD, 6 MS). Both groups significantly
improved in mini-BESTest, FGA scores, and timed tasks (p < 0.001). Comparable between-group
results revealed, with no significant differences between MS and PD groups (p > 0.5). Conclusions:
Similar improvements across groups suggest that LSVT BIG may also benefit patients with MS.
Larger randomized trials are needed to confirm its suitability for this population.

Keywords: Lee Silverman Voice Treatment (LSVT BIG); rehabilitation; multiple sclerosis; Parkinson's
disease; balance; gait

1. Introduction

The Lee Silverman Voice Treatment (LSVT), initially developed as a speech therapy program for
individuals such as Lee Silverman, a Parkinson's Disease (PD) patient with speech difficulties [1], has
evolved into LSVT LOUD. LSVT LOUD focuses on enhancing vocal loudness and addressing
hypophonia, improving communication and participation [2]. The concept of emphasizing high-
amplitude movements has also given rise to LSVT BIG, which targets not only mouth and tongue
muscles but also limb and torso muscles [3].

LSVT BIG prioritizes movement amplitude over speed and is designed as an intensive program
to alleviate bradykinesia and hypokinesia in PD [4]. It involves daily, high-intensity, standardized
whole-body movements emphasizing increasing complexity through multiple repetitions [5].
Typically, it consists of face-to-face hourly sessions, four days per week, over four weeks (totaling 16
sessions), complemented by independent everyday home practice and daily carryover exercises [4].
The primary goal is to enhance movement amplitude, promoting healthy, quality movements
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without discomfort or biomechanical issues [3]. As a high-intensity program, all exercises are
performed at approximately 80% of the patient’s maximal effort [3]. Tasks are personalized based on
patient goals and evolve in duration, amplitude, and complexity [4-5]. External cues, including
tactile and visual feedback from physiotherapists, are critical components of LSVT BIG, helping PD
patients recalibrate their motor and perceptual systems to execute larger movements [6]. Sensory self-
perception deficits in PD contribute to bradykinesia, and intensive, high-effort repetition in LSVT BIG
encourages adoption of a new “bigger” motor output within normal limits [4,7,8].

Studies have demonstrated LSVT BIG's effectiveness in increasing movement amplitude and
improving coordination through functional activities in PD patients [4,5]. Improvements have been
reported in gait parameters, including joint range of motion, stride length, functional gait, step length,
and balance [9-12, 13]. LSVT BIG appears more effective than traditional exercises for mild PD
[3,14,15] and the Korean Society for Neurorehabilitation (KSNR) recommends it for balance and gait
improvement [16]. A key advantage of LSVT is its amplitude-specific training, which, combined with
intensive practice and sensory recalibration, promotes neuroplasticity and enhances daily
functioning [5,6,11].

Given LSVT BIG's effectiveness in PD, there is growing interest in exploring its potential benefits
for other central nervous system (CNS) disorders affecting mobility and coordination, such as
Multiple Sclerosis (MS). MS, is a chronic autoimmune inflammatory disease affecting over one
million individuals worldwide [17,18]. It leads to muscle weakness, spasticity, and fatigue, impacting
balance and gait [19,20]. Individuals with MS exhibit reduced stride length, cadence, joint mobility,
and increased energy expenditure during walking [21]. Cognitive-motor dual-task performance
further impairs walking speed[22], highlighting the need for effective rehabilitation.

Although various rehabilitation programs exist for MS —including resistance training, aerobic
exercises, Pilates, yoga, and Tai-Chi [23-31] — few provide a structured, hierarchical approach with
standardized high-intensity exercises applicable to daily activities and they require further
refinement for home-based use [32]. Programs grounded in motor learning principles, that
incorporate sensory cues and neuroplasticity, could provide substantial benefit for MS rehabilitation.

While LSVT LOUD has been applied successfully to address hypophonia in MS [33], LSVT BIG
has not been extensively explored. Notably, it has shown efficacy in improving upper extremity
motor function in stroke patients [34-36] but, to our knowledge, no data are available regarding its
effects in individuals with MS. This study aims to investigate the potential benefits of LSVT-BIG's for
improving balance and gait in MS patients, comparing its efficacy with that observed in PD patients,
in light of the limited research on LSVT BIG in MS. It is hypothesized that LSVT BIG will produce
improvements in balance and gait in MS, comparable to those seen in PD, thereby demonstrating its
feasibility for this population.

2. Materials and Methods

2.1. Study Design

This pilot clinical trial employed a before-between-after intervention assessment design to
investigate the impact of the LSVT BIG rehabilitation program (within-subjects effects) on selected
outcome measures. Both Parkinson's Disease (PD) and Multiple Sclerosis (MS) patient groups
participated in the same LSVT BIG program, enabling comparisons between the groups (between-
subjects effects). All assessments were conducted by the same evaluator across both groups and all
time points.

2.2. Participants

A convenience sample of individuals with PD and MS was recruited. Eligibility criteria required
a diagnosis of PD or MS and ambulatory status with mild to moderate disease severity (Hoehn &
Yahr stages I-1II for PD, and a mini-BESTest score >21 for both MS and PD participants), ensuring
safe participation in the exercise program without elevated fall risk.
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Exclusion Criteria Included

e  Atypical disease characteristics

e  Previous participation in LSVT BIG

e Use of a duodopa pump or Deep Brain Stimulation

e  Cognitive impairment or dementia affecting comprehension or ability to follow program
instructions (Mini-Mental State Examination score <24) [37]

e  Cardiovascular conditions limiting engagement in high-amplitude exercise

Participants were encouraged to maintain their usual daily activities throughout the study.
Ethical approval was obtained from the Ethics Committee of the Technological Educational Institute
of Western Greece (now named University of Patras) (Reg. No. 981/14-01-2019), and written informed
consent was obtained from all participants.

2.3. Measurement Outcomes

The primary outcome measure was functional balance, while secondary outcomes included
functional gait and timed mobility performance (Timed Up and Go test [TUG], one-leg standing time,
and balance on foam and inclined surfaces). All assessments were performed at baseline, mid-
intervention, and post-intervention.

2.3.1. Balance Assessments

Balance performance was evaluated using the mini-Balance Evaluation Systems Test (mini-
BESTest), which includes 14 static and dynamic tasks assessing anticipatory postural adjustments,
reactive postural control, sensory orientation, and dynamic gait. The maximum score is 28 points [38].
The Greek-adapted version of the scale, which is validated for neurological patients, was used in the
study [39].

One-Leg Stance: Participants were instructed to stand on one leg (both sides tested) for up to 30
seconds. This task assessed balance in a narrow base of support and it has been suggested as an
optimal assessment of postural stability in patients with PD [40].

Standing on a Foam Surface: Participants stood with eyes closed on a 4-inch-thick foam surface,
feet together, and hands on hips for a maximum of 30 seconds. This item was derived from the mini-
BESTest, to evaluate the influence of sensory input (vision and somatosensation) on balance
performance, particularly under unstable conditions [38,39].

Standing on an Inclined Surface: Balance performance was also assessed on an incline ramp,
with participants standing eyes closed, feet shoulder-width apart, and arms relaxed at their sides for
up to 30 seconds. This task, derived from the mini-BESTest, provided a timed measure of balance
adaptations under challenging sensory conditions [38,39].

2.3.2. Gait Assessments

Functional gait was assessed using the Functional Gait Assessment (FGA), which includes 10
gait tasks performed under varying conditions. Each item was scored from 0 to 3, with a total
maximum score of 30 [41]. A validated Greek-adapted version of the scale was used [42].

General mobility and dynamic balance were assessed with the Timed Up and Go (TUG) test,
which measures the time required to stand up from a chair, walk three meters, turn, return to the
chair, and sit down [43]. A typical completion time is approximately 7 seconds, while times above 13
seconds indicate an increased fall risk [43,44].
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2.4. Equipment Required

The following equipment was used for the balance and gait assessments: a stopwatch for timing,
floor tape for marking distances, a 6-meter walking path (width: 30.48 cm), an obstacle (stacked boxes,
22.86 cm height), a medium-density foam surface (4 inches thick), a stable chair without armrests or
wheels, an inclined ramp, and floor markings for the 3-meter TUG test distance [38,41].

2.5. Assessors

Data collection and evaluation were conducted by two licensed physiotherapists. The primary
assessor, a specialist in neurological rehabilitation, supervised the study. The secondary assessor,
certified in the LSVT BIG method, delivered the intervention and was trained by the primary assessor.
Both assessors remained consistent throughout all assessments. Training for the evaluation scales
was provided using official mini-BESTest manuals and instructional materials from the official
website (https://www bestest.us/trainingy/).

2.6. Intervention

The intervention followed the standardized LSVT BIG protocol [4], administered by a certified
physiotherapist. The program lasted four weeks, consisting of four one-hour sessions per week (16
sessions total), conducted one-on-one at the participant’s home. Additional, daily homework and
carryover exercises were given to participants.

The LSVT BIG program emphasized high-effort repetitions and large amplitude movements,
guided by the physiotherapist's BIG cues. The program comprised six components:

1. Maximal Daily Exercises: Seven multidirectional, high-amplitude full-body exercises
performed repetitively, with two in a seated position and five standing.

2. Functional Component Tasks: Five functional activities, including a standard sit-to-stand task
and four individualized exercises tailored to each patient’s daily life and goals, based on
clinical evaluation.

3. Hierarchy Tasks: One to three complex, multilevel tasks progressively increased in difficulty
over the four-week program, customized to each patient’s real-life goals and interests.

4. BIG Walking: Gait training emphasizing increased step length, arm swing, posture, and
walking speed.

5. Carryover Assignment: Activities assigned to patients to integrate BIG movements into real-
world conditions.

6. Homework: Daily independent practice of “Maximal Daily Exercises,” “Functional Component
Tasks,” and “Hierarchy Tasks” outside supervised sessions.

Components 5-7 were specifically designed to promote transfer of skills outside the
rehabilitation setting. Patients were instructed to match the intensity and effort of supervised sessions
during daily carryover and homework exercises. Home practice was structured, with exercise diaries
provided for recording adherence. Brochures illustrated exercises from the “Maximal Daily
Exercises” and “Functional Component Tasks” categories.

Exercise progression was individualized, incorporating increased repetitions, added complexity
(e.g., dual-tasking), variable speed, reduced base of support, and directional changes, while
maintaining movement amplitude and quality [14-15]. These strategies aimed to engage
neuroplasticity and reinforce the recognition and execution of large, controlled movements in
functional tasks [45].

2.7. Experimental Procedure

Participants’ balance and gait were assessed at baseline, at the end of the second week, and after
the fourth week of the LSVT-BIG protocol. Initial interviews and eligibility screenings were
conducted prior to baseline assessment. The intervention began at the subsequent appointment
following eligibility confirmation.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.0516.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 December 2025 d0i:10.20944/preprints202512.0516.v1

5 of 15

During the study, participants completed the supervised exercise sequence administered by the
physiotherapist, as outlined in the intervention protocol. In addition, they independently performed
the prescribed “homework practice” exercises at home, following the specified frequency and
intensity. Each participant received an exercise brochure and a diary from the physiotherapist to
document home practice sessions and adherence throughout the program.

2.8. Data Analysis

Statistical analyses were performed using IBM SPSS Statistics for Windows, Version 28.0 (IBM
Corp., Armonk, NY, USA). Assumptions of normality and homogeneity of variances were verified
using the Levene’s test. A mixed-design ANOVA was conducted to examine treatment effects.
Within-subject effects were analyzed using repeated measures ANOVA, while between-group
comparisons were assessed with pairwise analyses to determine whether group response profiles
remained parallel. Data are presented as mean * standard deviation (SD), and the level of statistical
significance was set at ot = 0.05 (p < 0.05).

3. Results

3.1. Patient Characteristics

In the present study, 12 patients (7 men and 6 women) participated in the LSVT program. Six
patients (6 men) belonged to the group PD, while 6 patients (5 women & 1 man) had MS. The mean
age of patients with MS was 45+8 years, whereas patients with PD were 68«3 years old. Baseline
measurements did not differ significantly between the two groups (p>0.05). The demographic
characteristics and baseline data of all participants are presented in Table 1.

Table 1. Group characteristics and baseline measurements between the two groups.

Variables MS.# Group PD* Group P Value
Mean (SD) ! Mean (SD) !

N+ 6 6 NA

Sex (W: M) 5 5W: 1M 6M NA

Age 45+8 68+3 NA
Mini-BESTest ¢ 15.83+0,98 16.83+0.98 p>0.05
FGA?7 13.2+1.6 14+1.4 p>0.05
TUG 8 10.5+2.7 9.1+0.9 p>0.05

1 SD: Standard Deviation 2 MS: Multiple Sclerosis, 3 PD: Parkinson’s Disease, ¢ N: Number of participants, > M:
Men, W: Women, ¢ mini-BESTest: mini-Balance Evaluation Systems Test, ? FGA: Functional Gait Assessment,
TUG: Timed Up and Go.

3.2. Balance

Balance improved significantly in both groups following the intervention (F, 20=325.16 p<0.001,
n?=0.97). Figure 1 illustrates the pre-post intervention changes in mini-BESTest total scores for
patients with Multiple Sclerosis (MS) and Parkinson's Disease (PD) displayed as separate lines.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 1. Balance changes were measured with the mini-BESTest total score within the 3 assessments (baseline,

two weeks, and four weeks of the intervention). Error bars are presented in 95% CI (n=12 patients).

Furthermore, there was a significant increase in single-leg stance time on the left leg (Fe,
20=123.90, p<0.001, n?=0.92) and on the right leg (Fa.s, 1233=43.37, p<0.001, n?=0.81). Improvements
were also observed in tasks extracted from the mini-BESTest, such as standing time on a foam surface
with eyes closed (Fe, 20=156.66, p<0.001, n>=0.94). Standing time on an incline level with eyes closed
increased significantly from baseline to post intervention (F.121216=43.987, p<0.001, n>=0.81) (Table 2).

Table 2. Assessed variables within the 3 assessments (baseline, two weeks of intervention, and at the end of four

weeks of intervention) for the two groups of patients separately (n=12 patients in total).

MS.2 Group - Mean (SD) ! PD 2 Group - Mean (SD) !

1st ass/nt ¢ 2nd 365 3rd ags 1st ass 2nd 369 3rd ags

Variables

mini-BESTest (from
total score/28)
R leg standing time

15.83 (0.98)  19.50 (0.84)* 23.00 (0.89)* 16.83 (0.98) 21.67 (1.03)* 24.50 (1.05)*

(se<) 9.02 (4.68) 13.50 (5.04)* 15.80 (4.54)* 14.53 (3.46) 18.05 (1.94)* 19.20 (1.49)*

L leg standing time
9.32 (3.40)* 15.38(3.16)* 18.55(2.09)* 14.00(2.54) 18.33 (1.55)* 19.35 (1.09)*

(sec)
Foam standing ti 29.43 (0.91
Oams(an )mg e 1182 (@11)*  17.50 (5.27)% 21.38 (4.94) * 19.37 (2.87) * 26.43 (2.27) * *(0 )
sec
Incline Standing Time 30.00 (0.00)

21.18 (2.65)*  29.07 (1.76)* 30.00 (0.00)* 25.27 (3.75)* 30.00 (0.00) *

(sec) *
FGA (from total
1317 (1.60)  18.33 (2.34)* 22.17 (2.04)* 14.00 (1.41) 19.00 (0.63)* 24.33 (1.50)*
score/30)
TUG (sec) 10.55 (2.73) 9.07 (1.76)* 7.93(1.49)* 9.10 (0.92) 7.78(1.14)* 6.66(0.37)*

1SD: Standard Deviation 2 MS: Multiple Sclerosis, 3 PD: Parkinson’s Disease,  ass/nt: assessment, (*) p <0,05.

No significant between-group differences were found for most of the measurement outcomes,
including balance (F(2, 20)=2.011, p>0.05, n2=0.17) (Figure 1), left-leg stance time (F(2, 20)=8.316,
p>0.05, n2=0.45) (Figure 2A), or right-leg stance time (F(1.23, 12.33)=1.412, p>0.05, n2=0.12) (Figure
2B). Consistent with these findings, the mean difference between 1st and 3rd assessments (pre—post
intervention) did not differ significantly between the two groups (Table 3).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 3. Mean differences between 1st (baseline) and 3rd (at the end of the intervention) assessment for the

assessed variables for the two groups of patients separately.

Variables Group N1 Mean Difference + SD? Leven’s Test
. MS ¢+ 6 7.17 £0.98
miniBEST 3 to.076= -0.859, p>0.05
NP?® 6 7.67+1.03
MS 6 2.617+1.60
TUG ¢ * t7.200= 0.253, p>0.05
NP 6 2.433+0.77
MS 6 2.833+2.00
TUGdual 7 to.337= 0.986, p>0.05
NP 6 3.850+1.53
MS 6 9.00+1.26
FGA 8 ts.s05=-1.451, p>0.05
NP 6 10.33+1.86
MS 6 9.577+1.33
Foam ° tr.902=-0.451, p>0.05
NP 6 10.067+2.36
MS 6 8.817+2.64
Incline 1© tsss= 2.178, p>0.05
NP 6 4.733+3.75
MS 6 6.783+3.24
RLegStand 1 to3s1= 1.270, p>0.05
NP 6 4.667+2.47
MS 6 9.233+2.19
LLegStand 12 foa9s= 3.411, p=0.007
cgotan NP 6 5.35:1.73 o P

I N: Number of participants, 2 SD: Standard Deviation 3 mini-BESTest: mini-Balance Evaluation Systems Test,
MS: Multiple Sclerosis, * PD: Parkinson’s Disease, ¢ TUG: Timed Up and Go, 7 TUGdual: TUG with dual task,
the test performed together with a cognitive task,® FGA: Functional Gait Assessment, * Foam: time (sec)kept the
standing position on a foam surface with eyes closed, ° Incline: time (sec) kept the standing position on an
inclined surface (ramp) with eyes closed, ' RLegStand: time (sec) kept the one leg (right) standing position, '2

LLeg Stand: time (sec) kept the one leg (left) standing position.

An exception was the left-leg stance time, which showed a significant difference between groups
(t9.498= 3.411, p=0.007). The MS group demonstrated a greater mean improvement (2.23+2.19 sec)
compared to the PD group (5.35+1.73 sec) (Table 3). Improvements in foam-surface stance time (F(2,
20)=0.775, p>0.05, n2=0.07) (Figure 2C) and inclined-surface stance time (F(1.22, 12.16)=3.516, p>0.05,
n2=0.26) were similar between groups (Figure 2D).

Table 2 presents the mean scores (+SD) for all variables across the three assessments for each
groups and Table 3 presents the mean differences between the 1st and 3rd assessments.

25 Disorder

—Ms
—NP

- N
i) S

LeftLeg Standing Time (sec)
@
Right Leg Standing Time (sec)
3

1st 2nd 3rd 1st 2nd 3rd

Assessments Assessments

(A) (B)
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© (D)
Figure 2. Timing performance in one leg standing (A) left leg standing, (B) right leg standing and (C) standing

in foam surface, and (D) in incline level within the 3 assessments (baseline, two weeks, and four weeks of the

intervention). Error bars are presented in 95% CI (n=12 patients).

3.3. Gait Assessment

Gait performance, as this was assessed via the FGA total score, improved significantly following
the intervention (Fe, 20 = 253.79, p<0.001, n?=0.96) (Figure 3). The TUG test duration also improved
significantly across the three measurements (F20=35.72, p<0.001, n>=0.78).

No significant between-group differences were identified for either the FGA total score (Fe20=
1.83, p>0.05, n>=0.16) or TUG performance (F20= 0.057, p>0.05, n?=0.01) (Figure 3B).

The dual-task TUG (counting backward by threes), extracted from the mini-BESTest, also
improved significantly following the intervention (F 20 = 30.004, p<0.001, n?=0.75). This improvement
did not differ significantly between groups (F20= 0.693, p>0.05, n>=0.06) (Figure 3C).

Mean differences between 1st and 3rd assessments were not statistically different between
groups for any of the gait-related variables assessed (p>0.05) (Table 3).

30 Disorder
— S
-
25
3
g
o
2}
E 20 —
2 -
15
1st 2nd 3rd
Assessments
18 Disorder
— 1S
— P
12
16
3
°
0 g u
= 5
g i~
@
g K
S n
8 a
P
Bl
6
st 2nd 3rd 8
st 2nd 3rd
Assessments
Assessments

Figure 3. (A) Gait performance as this was assessed by Functional Gait Assessment (FGA) total score and (B)
Timed Up and Go (TUG) duration (sec), (C) TUG with the dual task, the test performed together with the
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cognitive task of counting backward by threes within the 3 assessments (baseline, two weeks and four weeks
of the intervention). Variables changes between the two groups of patients with Multiple Sclerosis (MS) and

Parkinson's Disease (PD) are presented in separate lines. Error bars are presented in 95% CI (n=12 patients).

4. Discussion

This study aimed to explore whether LSVT BIG — a program originally developed for
improving balance and gait in patients with Parkinson's disease (PD) [3,6,10,46,47] — might likewise
benefit individuals with Multiple Sclerosis (MS). Our findings indicate that, despite the
fundamentally different pathophysiological mechanisms underlying MS (demyelination, axonal
damage) and PD (basal ganglia degeneration), LSVT BIG produced significant and comparable
improvements in balance and gait across both groups. On balance (as measured by the total score of
Mini-BESTest) and on several functional parameters — including single-leg stance time (left and
right), stance on foam surface with eyes closed, and stance on inclined surfaces — both MS and PD
patients demonstrated notable gains. This suggests that the rehabilitative mechanisms underpinning
LSVT BIG may transcend disease-specific pathology and tap into more universal principles of neural
adaptation and motor relearning [48].

One likely explanation for these improvements in MS participants is the emphasis LSVT BIG
places on high-effort, task-specific, amplitude-based movements tailored to activities of daily living
[4,5]. Long-dose rehabilitation programs with home exercises have been effective for balance
rehabilitation in neurological patients [49,50]. Such exercises likely engage sensorimotor pathways,
promote proprioceptive recalibration, and reinforce postural control strategies under varied and
challenging conditions [51,52]. The functional nature of the LSVT program, combined with its high
effort requirements, promotes neural reconstruction and neuroplasticity [53]. Programs targeting
motor functions, upper and lower limb strength, and trunk balance have improved neural tissue
integrity and activation in relevant brain regions [54,55]. In MS — where demyelination and impaired
neuronal conduction disrupt coordination and postural reflexes — repetitive high-amplitude training
may support compensatory neural recruitment or strengthen residual pathways, facilitating
functional reorganization, contributing to improved gait and stability [50,56,57]. In this way, LSVT
BIG may help mitigate deficits in balance by encouraging the central nervous system (CNS) to re-
optimize motor patterns rather than relying solely on peripheral strength gains.

Moreover, the one-on-one, patient-centred delivery model of LSVT BIG may contribute to
increased adherence, motivation, and engagement — factors critically important in chronic and
progressive conditions such as MS [58]. Personalized supervision and the setting of individual
functional goals likely enhance patients’ commitment, leading to better quality of movement, fuller
engagement with effortful tasks, and possibly greater neuroplastic change [53,59,60,61]. This stands
in contrast to more generalized balance or strength training programs, which may lack specificity or
intensity, and which, according to existing literature, often yield more modest improvements in
neurological populations [62,63,64,65].

Compared to conventional physiotherapy or alternative modalities (e.g., Tai Chi or Pilates),
LSVT BIG's structured, intensive, amplitude-focused, task-oriented nature appears to produce larger
functional gains [10,15]. While holistic and lower-intensity programs can improve general mobility
or well being [63], they may not sufficiently challenge the sensorimotor systems to induce the level
of adaptation observed here. Furthermore, the ability of LSVT BIG to promote improvements under
dual-task conditions (e.g., gait combined with cognitive load) is particularly relevant for real-world
mobility, where walking rarely happens in isolation of other tasks [46]. Improvements in dual-task
TUG performance post-intervention suggest enhanced automaticity of gait and balance, possibly
reflecting more efficient CNS control and better integration of motor and cognitive demands [45,66].

While LSVT BIG's application in MS is limited in the literature, a study applied the LSVT LOUD
program for voice rehabilitation in MS patients, showing promising results in improving hypophonia
[33]. Our study extends this applicability to LSVT BIG, demonstrating its effectiveness in enhancing
mobility, balance, and gait in MS patients. This innovative aspect underscores its significance and its
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clinical usefulness, promoting safer mobility in natural environments. Improved balance and gait in
MS patients may reduce risk of falls, enhance safety during ambulation in daily life, and foster greater
independence [67]. Enhanced confidence in mobility can also encourage more frequent participation
in physical and social activities, mitigating sedentary behavior and potentially slowing further
functional decline [5,48]. The fact that LSVT BIG can be adapted for MS suggests that rehabilitative
programs developed for one neurological disorder might, with appropriate modification, be
repurposed across different conditions — promoting a more unified, neuroplasticity-based approach
to neurorehabilitation. LSVT BIG has already shown promise in improving hemiplegic upper
extremity function after stroke [35,36,61], indicating its potential for addressing mobility in diseases
affecting central motor neuronal pathways.

However, to fully substantiate these promising results, future research should include larger,
ideally multicenter, cohorts of MS patients, extended follow-up to assess the durability of gains, and
possibly neurophysiological or neuroimaging studies to investigate underlying CNS changes.
Additionally, comparing LSVT BIG to other intensive and task-specific interventions, as well as
evaluating cost effectiveness and feasibility of long-term home-based application, will be important
for translating these findings into routine clinical practice.

Several limitations of the present study should be acknowledged and addressed in future
research. First, the sample size was relatively small, limiting the generalizability of the findings.
Although the current pilot study included a number of participants comparable to previous LSVT
studies [10,12,47], it does not allow for definitive, population-wide conclusions. Second, this study
lacked a true control group. The group of PD patients was included as a comparative cohort to
indirectly evaluate the effectiveness and validity of LSVT BIG; however, the absence of a non-
intervention or alternative therapy control group limits the ability to fully attribute observed
improvements to the intervention. Future studies should include randomized control groups and
consider comparisons with other exercise therapy programs within the same patient population.
Another limitation is the absence of follow-up assessments to determine the durability of the
intervention effects over time. While LSVT BIG is designed to promote neuroplasticity and motor
learning, it remains unclear whether the observed gains in balance and gait are maintained in the
long term. Incorporating follow-up evaluations and advanced neurophysiological assessments —
such as transcranial magnetic stimulation, functional MRI, or other imaging techniques — could
provide valuable insight into the neural mechanisms underlying sustained improvements..

5. Conclusions

The comparative improvements in balance and gait observed in this study suggest that LSVT
BIG may confer significant benefits for patients with MS, potentially even exceeding those seen in PD
patients in certain functional domains. The program’s high-intensity, task-specific, amplitude-
focused exercises appear to target key motor deficits in MS, with observable carryover effects on
functional activities relevant to daily living.

However, the small sample size and the absence of a healthy or non-intervention control group
may limit the interpretability and generalizability of these findings. Given that research on LSVT BIG
in MS is still preliminary, further studies employing randomized controlled trial designs with larger
samples, detailed kinematic analyses, and long-term follow-up are warranted. Such research could
confirm the efficacy, durability, and mechanistic underpinnings of LSVT BIG in MS, providing
stronger evidence for its inclusion in routine neurorehabilitation programs for this population.
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