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ABSTRACT 

Background: Spinocerebellar ataxia type 1 (SCA1) is a progres-

sive hereditary neurodegenerative disorder characterized by se-

vere impairments of coordination, balance, and motor control. 

In the absence of effective pathogenetic treatment, physical and 

occupational therapy remain key components of patient man-

agement. 

Aim: To analyze contemporary approaches and identify current 

challenges in the rehabilitation of patients with SCA1. 

Methods: A narrative review and theoretical analysis of scien-

tific literature in the fields of clinical neurology, neurogenetics, 

and rehabilitation medicine were conducted. Priority was given 

to systematic reviews, clinical trials, and practice-oriented stud-

ies indexed in Scopus and Web of Science. 

Results: The analysis revealed that despite the growing variety 

of rehabilitation methods, their clinical application in SCA1 of-

ten remains empirical and poorly standardized. The most prom-

ising approaches include balance- and coordination-oriented 

exercise programs supported by objective assessment tools such 

as the Berg Balance Scale, Performance-Oriented Mobility  

Assessment, stabilometry, and biofeedback technologies. Ma-

jor limitations include heterogeneity of protocols, insufficient 

dose determination and lack of evaluation of long-term out-

comes. 

Conclusion: Rehabilitation plays a central role in the manage-

ment of patients with SCA1. Further clinical studies are re-

quired to develop and validate standardized, evidence-based re-

habilitation protocols tailored to the severity and type of ataxic 

manifestations. 

 

Key words: Spinocerebellar ataxia type 1. Cerebellar ataxia. 

Neurorehabilitation. Balance and coordination training. Pos-

tural control. Biofeedback. Virtual reality. Technology-assisted 

rehabilitation. 

 

ABSTRAKT 

Východiská: Spinocerebelárna ataxia typu 1 (SCA1) je progre-

sívne dedičné neurodegeneratívne ochorenie, ktoré sa prejavuje 

závažným narušením koordinácie, rovnováhy a motorickej kon-

troly. Vzhľadom na absenciu účinnej patogenetickej liečby zos-

táva fyzická a pracovná terapia kľúčovou súčasťou starostli-

vosti o pacientov. 

Cieľ: Analyzovať súčasné prístupy a identifikovať aktuálne  

výzvy vo rehabilitácií pacientov so SCA1. 

Metodika: Bola vykonaná naratívna recenzia a teoretická ana-

lýza vedeckej literatúry v oblastiach klinickej neurológie, neu-

rogenetiky a rehabilitačnej medicíny. Prioritu mali systema-

tické prehľady, klinické štúdie a prakticky orientované  

výskumy indexované v databázach Scopus a Web of Science. 

Výsledky: Analýza ukázala, že napriek rastúcej rozmanitosti re-

habilitačných metód ich klinická aplikácia pri SCA1 často zos-

táva empirická a málo štandardizovaná. Najperspektívnejšie 

prístupy zahŕňajú cvičebné programy zamerané na rovnováhu  

a koordináciu, podporované objektívnymi hodnotiacimi ná-

strojmi, ako sú Bergova škála rovnováhy (Berg Balance Scale), 

Performance-Oriented Mobility Assessment, stabilometria a bi-

ofeedbackové technológie. Hlavnými obmedzeniami sú hetero-

genita protokolov, nedostatočné stanovenie dávkovania a ne-

dostatok hodnotenia dlhodobých výsledkov. 

Záver: Rehabilitácia zohráva ústrednú úlohu v starostlivosti  

o pacientov so SCA1. Ďalšie klinické štúdie sú potrebné na vy-

pracovanie a overenie štandardizovaných, na dôkazoch založe-

ných rehabilitačných protokolov prispôsobených závažnosti  

a typu ataxických prejavov. 

 

Kľúčové slová: Spinocerebelárna ataxia typu 1. Neurorehabi-

litácia. Tréning rovnováhy a koordinácie. Posturálna kontrola. 

Pracovná terapia. Biofeedback.virtuálna realita. Technologicky 

asistovaná rehabilitácia. 

 

 

INTRODUCTION  

Spinocerebellar ataxia type 1 (SCA1) is a pro-

gressive neurodegenerative disorder characterized 

by cerebellar and extracerebellar involvement, lead-

ing to impaired motor coordination, balance defi-

cits, and gait instability. Recent literature has ex-

panded the understanding of the epidemiology and 

genetic mechanisms underlying spinocerebellar 

ataxia type 1, as well as potential future therapeutic 

approaches (Dereka et al., 2025). However, despite 

advances in disease characterization, evidence-
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based rehabilitation strategies aimed at improving 

postural control and balance remain insufficiently 

systematized. 

The main emphasis in clinical practice is on 

symptomatic therapy and rehabilitation measures 

aimed at slowing the progression of symptoms and 

improving the quality of life of patients. 

Pharmacological approaches in hereditary atax-

ias remain largely symptomatic and demonstrate 

limited long-term effectiveness. Randomized clini-

cal studies investigating antioxidant therapy have 

reported only modest clinical benefits without sub-

stantial modification of disease progression (Rosen-

berg, 2020). Recent reviews further emphasize that 

the management of spinocerebellar ataxias currently 

relies on multidisciplinary symptomatic care, where 

neurorehabilitation plays a central role in maintain-

ing functional independence and quality of life 

(Vinokurov et al., 2026).  

In the absence of etiotropic treatment, rehabilita-

tion becomes a key area of medical care for SCA1, 

providing patients with partial restoration of lost 

functions, a reduction in the risk of falls, and social 

adaptation (Synofzik et al., 2014).  

An integrated approach using rehabilitation, oc-

cupational therapy, biofeedback exercises, and 

modern balance assessment techniques require sci-

entific justification and clinical validation, which 

underlines the relevance of this study (Tinetti, 1986; 

He et al., 2021; Lacorte et al., 2021; Matsugi et al., 

2025). 

 

AIM 

The aim of the study is to analyze modern ap-

proaches and identify current problems associated 

with the rehabilitation of patients with SCA1, in-

cluding methods of rehabilitation and occupational 

therapy. 

 

METHODOLOGY 

This study was designed as a structured narrative 

review focused on contemporary rehabilitation ap-

proaches and current challenges in patients with 

spinocerebellar ataxia type 1 (SCA1). A literature 

search was conducted in the Scopus, Web of Sci-

ence, and PubMed databases for publications pub-

lished between January 2014 and March 2026. The 

search strategy included combinations of the fol-

lowing keywords: “spinocerebellar ataxia type 1”, 

“SCA1”, “rehabilitation”, “balance training”, “pos-

tural control”, “coordination training”, “occupa-

tional therapy”, “biofeedback”, “stabilometry”, 

“virtual reality”, and “neurorehabilitation”  

The review included peer-reviewed articles pub-

lished in English that focused on rehabilitation in-

terventions, rehabilitation strategies, balance as-

sessment, motor training, occupational therapy, and 

technology-assisted rehabilitation in patients with 

hereditary or degenerative cerebellar ataxias. Atten-

tion was paid to systematic reviews, clinical studies, 

meta-analyses, and evidence-based rehabilitation 

research (He et al., 2021; Lacorte et al., 2021; 

Matsugi et al., 2025). 

Publications unrelated to rehabilitation manage-

ment, conference abstracts, non-peer-reviewed ma-

terials, and studies with insufficient methodological 

description were excluded. Preference was given to 

recent publications reflecting contemporary rehabil-

itation concepts and modern technological ap-

proaches in neurological rehabilitation (Bando et 

al., 2024, 2025; Matsugi et al., 2025). 

Older foundational references were retained only 

when describing standardized clinical assessment 

tools that remain widely used in neurological reha-

bilitation practice, including the Berg Balance Scale 

and the Performance-Oriented Mobility Assess-

ment. 

The selected literature was analyzed and synthe-

sized according to the following thematic domains: 

assessment of balance and motor impairment; dif-

ferentiation of ataxic manifestations; rehabilitation 

intervention strategies; occupational therapy ap-

proaches; technology-assisted rehabilitation meth-

ods; monitoring of rehabilitation outcomes; current 

limitations and gaps in protocol standardization. 

The synthesis of findings focused on identifying 

commonly used rehabilitation approaches, contem-

porary technological solutions, rehabilitation goals, 

and unresolved challenges associated with the clin-

ical management of patients with SCA1. Due to the 

limited number of rehabilitation studies specifically 

targeting SCA1, evidence from broader populations 

with hereditary and degenerative cerebellar ataxias 

was also considered where clinically relevant. 

The methodological approach was aimed at 

providing an evidence-informed overview of cur-

rent rehabilitation practices and future directions in 

the rehabilitation of patients with SCA1. 

The initial database search identified 28 relevant 

publications. After screening according to the inclu-
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sion criteria and removal of duplicates, 21 publica-

tions focusing on rehabilitation approaches in he-

reditary and degenerative cerebellar ataxias were in-

cluded in the final narrative synthesis. 

 

RESULTS 

The reviewed literature demonstrates that reha-

bilitation in patients with spinocerebellar ataxia type 

1 follows a structured clinical sequence, including 

functional assessment, differentiation of ataxic 

manifestations, and targeted intervention planning. 

 

Baseline assessment of balance and motor func-

tion 

Effective rehabilitation of patients with SCA1 

begins with a comprehensive assessment of motor 

performance and balance control. Literature data 

emphasize that baseline evaluation is a prerequisite 

for individualized rehabilitation planning and out-

come monitoring. Clinical assessment commonly 

includes static and dynamic balance tests, such as 

the Romberg test and its modifications (Nieschalk 

et al., 1995; Gras et al., 2017), as well as standard-

ized functional scales, including the Berg Balance 

Scale (BBS) (Berg, 1989), Performance-Oriented 

Mobility Assessment (POMA) (Tinetti, 1986), 

Standing Balance Test, and Sitting Balance Score 

(Lee et al., 2010). 

In recent years, instrumental methods have 

gained increasing importance. Stabilometric and 

three-dimensional postural sway analyses provide 

objective quantitative data on balance impairments, 

postural control strategies, and compensatory mech-

anisms (Saunders et al., 2015; Atamaniuk et al., 

2016). These tools allow clinicians to identify subtle 

changes in balance regulation that may not be de-

tected by clinical scales alone and to track rehabili-

tation-related dynamics over time. 

 

Differentiation of ataxic manifestations 

Based on the results of the initial assessment, pa-

tients with SCA1 can be functionally classified ac-

cording to the predominant type of ataxic impair-

ment. Clinical practice distinguishes between static 

ataxia, characterized by impaired balance in stand-

ing and sitting positions, and dynamic ataxia, mani-

fested primarily by gait instability and impaired co-

ordination during movement. In addition, vestibular 

and cerebellar components of ataxia may coexist to 

varying degrees (Chien et al., 2022). 

According to clinical manifestations, a distinc-

tion is made between static ataxia – loss of balance 

when standing, and dynamic (locomotor) ataxia – 

loss of coordination during movement. Before start-

ing rehabilitation of patients with SCA1, a thorough 

assessment of vestibular function is recommended 

to determine the degree of impairment of coordina-

tion and balance. 

This functional differentiation is essential for se-

lecting appropriate rehabilitation strategies, as inter-

ventions aimed at improving postural stability differ 

from those targeting limb coordination and gait con-

trol. The proposed algorithm for managing ataxic 

disorders reflects this approach and supports struc-

tured decision-making in rehabilitation planning 

(He et al., 2021; Matsugi et al., 2025).  

The reviewed literature allowed the authors to 

systematize the main domains of rehabilitation man-

agement in patients with SCA1. Based on the syn-

thesis of contemporary evidence, a structured reha-

bilitation framework integrating assessment, thera-

peutic goals, and modern rehabilitation approaches 

is proposed in Table 1. 

The proposed framework reflects the multidi-

mensional and individualized nature of rehabilita-

tion in SCA1 and emphasizes the growing role of 

technology-assisted rehabilitation strategies in con-

temporary neurological practice. 

 

Rehabilitation goals and objectives 

Rehabilitation goals in patients with SCA1 are 

formulated based on the type and severity of motor 

impairments, disease progression, and individual 

functional limitations. The primary objectives in-

clude improving balance and coordination, reducing 

the risk of falls, maintaining or enhancing mobility, 

and supporting independence in activities of daily 

living (Lacorte et al., 2021; Kotsiubynskyi et al., 

2017). Secondary goals focus on preserving physi-

cal conditioning, preventing secondary complica-

tions such as contractures and muscle atrophy, and 

promoting social participation and quality of life 

(Weber et al., 2024).  

Given the progressive nature of SCA1, rehabili-

tation goals are dynamic and require regular reas-

sessment and adjustment throughout the disease 

course (Synofzik et al., 2014; Bando et al., 2025). 

 

Rehabilitation strategies and interventions 

Contemporary  studies supported  by established  
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Table 1 Proposed structured rehabilitation framework for patients with spinocerebellar ataxia type 1 

Clinical do-

main 

Main impairments Recommended as-

sessment methods 

Rehabilitation 

goals 

Contemporary rehabilitation 

approaches 

Postural sta-

bility and 

balance 

Postural sway, im-

paired standing bal-

ance, fall risk 

Berg Balance Scale, 

stabilometry, Rom-

berg test, posturogra-

phy 

Improve static and 

dynamic balance, 

reduce fall risk 

Balance-oriented exercises, pro-

prioceptive training, stabilo-

metric biofeedback, VR-based 

balance training 

Gait and mo-

bility 

Gait instability, re-

duced gait sym-

metry, impaired 

walking endurance 

POMA, gait analysis, 

wearable motion sen-

sors 

Improve gait coor-

dination, walking 

safety, and mobil-

ity 

Treadmill training, task-oriented 

gait training, body-weight sup-

port systems 

Limb coordi-

nation and 

motor control 

Dysmetria, tremors, 

impaired movement 

precision 

Coordination tests, 

sensor-based motion 

analysis 

Improve move-

ment accuracy and 

motor coordina-

tion 

Coordination exercises, repeti-

tive motor training, sensor-based 

feedback training 

Functional 

independence 

and ADL 

Difficulties in self-

care and daily activi-

ties 

Occupational therapy 

assessment, func-

tional independence 

scales 

Maintain inde-

pendence in activ-

ities of daily liv-

ing 

Occupational therapy, adaptive 

devices, task-specific training 

Technology-

assisted reha-

bilitation 

Reduced motor 

learning efficiency 

and monitoring pre-

cision 

Digital monitoring 

systems, wearable 

sensors 

Enhance motor 

learning and indi-

vidualized rehabil-

itation 

Biofeedback systems, virtual re-

ality, mixed reality, tele-rehabil-

itation 

Long-term 

rehabilitation 

management 

Progressive func-

tional decline 

Repeated functional 

assessment and longi-

tudinal monitoring 

Maintain long-

term functional 

capacity and qual-

ity of life 

Home-based rehabilitation, su-

pervised exercise programs, in-

dividualized long-term rehabili-

tation planning 
 

rehabilitation concepts indicate that the most effec-

tive rehabilitation approaches in SCA1 are based on 

balance- and coordination-oriented training (He et 

al., 2021; Ilg et al., 2009; Keller et al., 2014; Syn-

ofzik et al., 2014). These interventions aim to en-

hance sensorimotor integration, improve postural 

control, and optimize compensatory strategies 

(Jarbi et al., 2022; Franzò et al., 2024; Matsugi et 

al., 2025). Core elements include static and dynamic 

balance exercises, gait re-education, coordination 

training for the upper and lower limbs, and proprio-

ceptive stimulation. 

Rehabilitation programs often incorporate mod-

ulation of sensory input through visual fixation, eye-

head coordination exercises, and controlled depri-

vation or enhancement of proprioceptive and vestib-

ular cues. The use of unstable support surfaces and 

task-specific motor challenges is commonly em-

ployed to promote adaptive motor learning and im-

prove postural responses (Ilg et al., 2009; Lacorte et 

al., 2021). Classes of exercise generally focus on 

improving precision and accuracy of movements, 

inter-joint coordination, tremor reduction, and bal-

ance during standing and walking (He et al., 2021; 

Ilg et al., 2009; Jarbi et al., 2022; Lacorte et al., 

2021).  

Patients with predominantly static ataxia require 

rehabilitation interventions aimed at improving pos-

tural stability, sitting and standing balance, and fall 

prevention. In contrast, patients with dynamic ataxia 

benefit primarily from coordination-oriented train-

ing focused on gait control, limb coordination, and 

functional mobility. 

 

Implementation of rehabilitation and occupa-

tional therapy 

Rehabilitation in patients with SCA1 is typically 

implemented through structured exercise programs 

characterized by gradual progression in task com-

plexity, intensity, and motor demands (Keller et al., 

2014; Synofzik et al., 2014). Contemporary rehabil-

itation strategies emphasize regularity, repetition, 

and individualized adaptation of exercise duration 

according to the patient’s functional capacity and 

disease severity. Occupational therapy comple-

ments rehabilitation interventions by targeting func-

tional activities, upper-limb coordination, fine mo-

tor control, and independence in activities of daily 

living (Lacorte et al., 2021; Kotsiubynskyi et al., 

2017).  
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In recent years, rehabilitation programs have  

increasingly integrated technology-assisted ap-

proaches, including stabilometric platforms, bio-

feedback systems, wearable sensors, and interactive 

training devices, which support individualized in-

tervention planning, objective performance moni-

toring, and patient engagement during therapy 

(Franzò et al., 2024; Saunders et al., 2015; Jarbi et 

al., 2022). In addition, home-based rehabilitation 

and supervised exercise programs may contribute to 

sustained functional improvement and long-term 

continuity of care when patient adherence is main-

tained (Keller et al., 2014; Jarbi et al., 2022). 

 

Technology-assisted rehabilitation in patients 

with SCA1 

Recent advances in neurological rehabilitation 

increasingly emphasize the integration of technol-

ogy-assisted rehabilitation approaches in patients 

with hereditary cerebellar ataxias, including SCA1. 

Modern rehabilitation technologies aim to improve 

the precision of assessment, enhance patient en-

gagement, support motor learning, and provide in-

dividualized feedback during rehabilitation inter-

ventions (Franzò et al., 2024; Lacorte et al., 2021). 

One of the most frequently applied approaches 

involves the use of stabilometric platforms and 

computerized posturography systems. These tech-

nologies enable objective quantification of postural 

sway, balance asymmetry, and compensatory pos-

tural strategies during static and dynamic tasks. 

Compared with conventional clinical scales alone, 

stabilometric assessment provides more sensitive 

detection of subtle balance impairments and allows 

continuous monitoring of rehabilitation-related 

changes over time (Saunders et al., 2015; Ata-

maniuk et al., 2016). 

Biofeedback-based rehabilitation has also 

gained increasing attention in the rehabilitation of 

cerebellar disorders. Visual, auditory, and vibrotac-

tile feedback systems may enhance sensorimotor in-

tegration by providing real-time information about 

body position, movement accuracy, and postural 

control. Preliminary studies suggest that biofeed-

back-assisted balance and coordination training 

may improve motor performance and increase pa-

tient awareness of compensatory movement strate-

gies (Jarbi et al., 2022). 

Another emerging direction is the implementa-

tion of virtual reality (VR), mixed reality (MR), and 

interactive gaming technologies in neurological  

rehabilitation. These approaches create enriched 

multisensory environments that promote task-ori-

ented motor training, dynamic balance control, and 

repetitive practice under motivating conditions. Re-

cent studies indicate that mixed reality-based occu-

pational and rehabilitation programs may improve 

adherence to rehabilitation, facilitate motor learn-

ing, and support functional mobility in patients with 

cerebellar ataxia (Franzò et al., 2024; Lacorte et al., 

2021). Recent meta-analytic evidence also suggests 

that virtual reality-based rehabilitation interventions 

may improve balance performance, motor coordina-

tion, and overall functional outcomes in patients 

with ataxic disorders, supporting their growing role 

in neurorehabilitation practice (Piñar-Lara et al., 

2026).  

Home-based digital rehabilitation programs and 

wearable sensor technologies are increasingly ex-

plored as tools for long-term rehabilitation manage-

ment. These systems allow remote monitoring of 

exercise performance, individualized adjustment of 

training intensity, and improved continuity of reha-

bilitation outside specialized clinical centers. Such 

approaches may be particularly relevant for patients 

with progressive neurodegenerative disorders re-

quiring prolonged rehabilitation support. 

Narrative evidence summarized by Matsugi et al. 

(2021) further suggests that continuous home-based 

exercise programs, robotic-assisted rehabilitation, 

and non-invasive neuromodulation techniques may 

support motor learning and gait stability in patients 

with cerebellar ataxia. 

Despite promising preliminary findings, the clin-

ical implementation of technology-assisted rehabil-

itation in SCA1 remains limited by several factors, 

including high equipment costs, insufficient proto-

col standardization, limited accessibility in routine 

neurological practice, and the lack of large-scale 

longitudinal studies. Further research is required to 

establish evidence-based recommendations regard-

ing optimal intervention parameters, patient selec-

tion, and long-term therapeutic effectiveness. 

 

Monitoring and outcome evaluation 

Rehabilitation in SCA1 is a cyclic process that 

requires continuous monitoring and outcome evalu-

ation. Reassessment using the same clinical scales 

and instrumental methods applied at baseline allows 

clinicians to quantify functional changes (Tinetti, 

1986), evaluate intervention effectiveness, and 

modify rehabilitation programs accordingly (Berg,  
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Table 2 Contemporary rehabilitation approaches in patients with spinocerebellar ataxia type 1: therapeutic targets, 

modern technologies, reported effects, current limitations, and supporting literature 

Rehabilitation 

approach 

Main thera-

peutic target 

Modern technolo-

gies/tools 

Reported thera-

peutic effects 

Current limita-

tions 

Supporting 

literature 

Balance and pos-

tural stability 

training 

Improvement of 

static and dy-

namic balance, 

reduction of fall 

risk 

Stabilometric plat-

forms, force plat-

forms, visual bio-

feedback systems 

Improved postural 

control, increased 

balance confidence, 

reduction in sway 

variability 

Lack of stand-

ardized balance 

protocols; varia-

bility in assess-

ment methods 

Franzò et al., 

2024; Jarbi 

et al., 2022 

Gait rehabilitation 

 

Improvement of 

gait symmetry, 

coordination, 

and walking en-

durance 

Treadmill training, 

body-weight sup-

port systems, mo-

tion analysis sys-

tems 

Improved gait 

speed, step coordi-

nation, and func-

tional mobility 

Small sample 

sizes and limited 

long-term fol-

low-up 

Bando et al., 

2024; Keller 

et al., 2014 

Coordination and 

motor control ex-

ercises 

Enhancement of 

limb coordina-

tion and move-

ment precision 

Sensor-based mo-

tion tracking, task-

oriented motor 

training devices 

Improved upper- 

and lower-limb co-

ordination and mo-

tor accuracy 

Heterogeneity of 

intervention in-

tensity and dura-

tion 

Synofzik et 

al., 2014; 

Matsugi et 

al., 2025 

Intensive multidis-

ciplinary rehabili-

tation 

Maintenance of 

functional inde-

pendence and 

slowing of 

functional de-

cline 

Structured rehabili-

tation programs 

with repetitive 

task-oriented train-

ing 

Long-term im-

provement or stabi-

lization of SARA 

scores and func-

tional performance 

Limited availa-

bility of special-

ized neuroreha-

bilitation centers 

Bando et al., 

2025; Miyai 

et al., 2012 

Occupational ther-

apy interventions 

Improvement of 

activities of 

daily living and 

fine motor skills 

Adaptive devices, 

task-specific train-

ing, assistive tech-

nologies 

Increased independ-

ence in self-care 

and daily activities 

Insufficient evi-

dence regarding 

long-term effec-

tiveness 

He et al., 

2021; 

Lacorte et 

al., 2021 

Virtual reality 

(VR)-based reha-

bilitation 

Enhancement of 

balance, coordi-

nation, and pa-

tient motivation 

Immersive and 

semi-immersive 

VR systems, exer-

gaming platforms 

Increased patient 

engagement, im-

proved postural 

control and motor 

learning 

High equipment 

costs and limited 

accessibility 

Jarbi et al., 

2022; Franzò 

et al., 2024 

Biofeedback-as-

sisted rehabilita-

tion 

Optimization of 

motor perfor-

mance through 

sensory feed-

back 

Visual and audi-

tory biofeedback 

systems 

Improved balance 

reactions and move-

ment correction 

Absence of uni-

fied clinical im-

plementation 

guidelines 

Franzò et al., 

2024 

 

Neuromodulation-

assisted rehabilita-

tion 

 

Facilitation of 

neuroplasticity 

and motor adap-

tation 

 

Non-invasive brain 

stimulation com-

bined with physio-

therapy 

 

Potential enhance-

ment of motor 

learning and bal-

ance performance 

Limited clinical 

evidence and 

lack of standard-

ized protocols 

 

Matsugi et 

al., 2025 

 

Home-based and 

tele-rehabilitation 

programs 

 

Continuity of 

rehabilitation 

and increased 

accessibility 

Telemedicine plat-

forms, wearable 

sensors, remote 

monitoring sys-

tems 

Improved adher-

ence to therapy and 

continuity of exer-

cise programs 

Technological 

barriers and dif-

ferences in pa-

tient digital liter-

acy 

Bando et al., 

2025; He et 

al., 2021 

Technology-as-

sisted monitoring 

and assessment 

Objective eval-

uation of dis-

ease progres-

sion and ther-

apy outcomes 

Wearable motion 

sensors, digital gait 

analysis, mobile 

assessment appli-

cations 

More precise moni-

toring of functional 

changes and reha-

bilitation outcomes 

Lack of validated 

standardized dig-

ital assessment 

systems 

Franzò et al., 

2024; 

Matsugi et 

al., 2025 

Future directions 

in rehabilitation 

Development of 

personalized 

and standard-

ized rehabilita-

tion strategies 

AI-assisted moni-

toring systems, 

wearable technolo-

gies, digital reha-

bilitation platforms 

Potential improve-

ment in individual-

ized therapy plan-

ning and long-term 

outcome monitoring 

Need for valida-

tion through 

large multicenter 

clinical studies 

Bando et al., 

2025; Franzò 

et al., 2024; 

Matsugi et 

al., 2025 
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1989; Saunders et al., 2015; Chien et al., 2022). Im-

provements are typically observed in balance con-

trol, gait stability, and task performance, although 

the magnitude and duration of effects vary across 

studies. 

Objective monitoring is particularly important 

in progressive disorders such as SCA1, as it enables 

timely adjustment of rehabilitation strategies in re-

sponse to functional decline or changing patient 

needs (Bando et al., 2025; Ilg et al., 2023). 

Recent longitudinal evidence suggests that an-

nual intensive rehabilitation may slow the progres-

sion of ataxic symptoms for up to six years in pa-

tients with hereditary cerebellar ataxia, although 

balance deterioration may still progress over time 

despite continued intervention (Bando et al., 2025). 

The analysis of contemporary literature 

demonstrates that rehabilitation in patients with 

SCA1 increasingly relies on individualized and 

technology-assisted approaches aimed at improving 

balance control, coordination, gait stability and 

functional independence. Current rehabilitation 

strategies integrate conventional exercise-based in-

terventions with modern technologies such as stabi-

lometric platforms, biofeedback systems, virtual re-

ality, and wearable monitoring devices. 

Table 2 summarizes contemporary rehabilita-

tion approaches used in patients with spinocerebel-

lar ataxia, including modern technological tools, re-

ported therapeutic effects, and current limitations 

identified in recent literature. 

As demonstrated in Table 1, modern rehabilita-

tion management in patients with SCA1 extends be-

yond conventional rehabilitation and increasingly 

incorporates objective assessment tools and tech-

nology-assisted interventions. However, despite 

promising clinical outcomes, substantial heteroge-

neity of rehabilitation protocols and limited stand-

ardization continue to restrict the comparability and 

clinical implementation of existing approaches. 

 

Current limitations and gaps 

Despite reported benefits of rehabilitation inter-

ventions, the analysis reveals significant limitations 

in current clinical practice. Rehabilitation protocols 

remain highly heterogeneous with respect to exer-

cise content, intensity, frequency, and duration (He 

et al., 2021; Matsugi et al., 2025). Outcome 

measures vary widely across studies, limiting com-

parability and the formulation of unified clinical 

recommendations. Similar methodological limita-

tions were already highlighted in earlier systematic 

reviews, which reported insufficient standardization 

of physiotherapy protocols and limited evidence re-

garding long-term retention of rehabilitation effects 

in patients with spinocerebellar ataxia (Martins et 

al., 2013). Furthermore, long-term effects of reha-

bilitation and optimal dosing strategies remain in-

sufficiently explored (Bando et al., 2024, 2025). 

These gaps highlight the need for standardized, 

evidence-based rehabilitation frameworks and well-

designed clinical studies to support their implemen-

tation in patients with SCA1. 

 

DISCUSSION 

Given the limited efficacy of currently available 

pharmacological interventions, including antioxi-

dant therapy investigated in hereditary ataxias (Ros-

enberg, 2020), rehabilitation remains the primary 

long-term management strategy. 

The present analysis highlights the central role 

of rehabilitation and occupational therapy in the 

management of patients with SCA1 in the absence 

of effective disease-modifying therapies (Synofzik 

et al., 2014; Matsugi et al., 2025). Consistent with 

contemporary evidence, rehabilitation interventions 

focusing on balance, coordination, and functional 

mobility represent the most effective non-pharma-

cological strategy for preserving functional capacity 

and quality of life in this patient population (He et 

al., 2021; Ilg et al., 2009; Weber et al., 2024). 

The results of the reviewed studies indicate that 

structured, balance-oriented rehabilitation programs 

can lead to measurable improvements in postural 

control, gait stability, and motor coordination. 

These findings are in line with recent long-term and 

intensive rehabilitation studies demonstrating that 

targeted exercise interventions may partially coun-

teract functional decline associated with progressive 

cerebellar degeneration. Importantly, the effective-

ness of rehabilitation appears to depend on the indi-

vidualization of programs according to the predom-

inant type of ataxia and the patient’s baseline func-

tional status. 

Recent longitudinal studies have shown that an-

nual intensive rehabilitation may slow the progres-

sion of ataxic symptoms in hereditary cerebellar 

ataxia over several years (Bando et al., 2025). Nev-

ertheless, balance function continued to deteriorate 

progressively despite ongoing intervention, indicat-
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ing the need for more targeted long-term balance re-

habilitation strategies. These findings support the 

importance of continuous and individualized reha-

bilitation programs in patients with progressive cer-

ebellar disorders. 

Objective assessment and monitoring emerge as 

critical components of the rehabilitation process. 

The combined use of standardized clinical scales 

and instrumental methods, such as stabilometry and 

biofeedback-based systems, allows for more precise 

characterization of balance impairments and reha-

bilitation-related changes. This approach facilitates 

timely adjustment of intervention strategies and 

supports a cyclical model of rehabilitation, particu-

larly relevant for progressive neurological disorders 

such as SCA1 (Saunders et al., 2015; Chien et al., 

2022; Ilg et al., 2023). 

Contemporary neurorehabilitation increasingly 

emphasizes individualized and technology-assisted 

rehabilitation approaches in patients with cerebellar 

ataxias. The growing integration of stabilometric 

platforms, biofeedback technologies, wearable mo-

tion sensors, virtual and mixed reality systems, and 

other interactive rehabilitation tools may enhance 

the precision of rehabilitation interventions, facili-

tate objective monitoring of motor performance, 

and support more effective sensorimotor training. In 

addition to improving balance control, coordination, 

and gait stability, these technologies may increase 

patient engagement and adherence to long-term re-

habilitation programs. Despite their promising clin-

ical potential and encouraging preliminary out-

comes, the routine implementation of technology-

assisted rehabilitation remains limited in neurologi-

cal practice due to insufficient protocol standardiza-

tion, restricted accessibility, and economic and or-

ganizational barriers. 

Previous reviews have also emphasized the po-

tential role of high-intensity motor training and ex-

ergame-based interventions in degenerative ataxias. 

According to Lanza et al. (2019), continuous and in-

dividually tailored rehabilitation may enhance re-

sidual cerebellar circuitry and compensatory neural 

mechanisms, although rehabilitation effects often 

decline after training discontinuation. 

Despite these encouraging findings, substantial 

challenges remain. The lack of standardized rehabil-

itation protocols, variability in exercise dosage and 

session frequency, and heterogeneity of outcome 

measures significantly limit the comparability of 

published results. Furthermore, long-term effects 

and optimal training parameters are insufficiently 

defined, underscoring the need for well-designed 

clinical studies and consensus-based rehabilitation 

guidelines (Bando et al., 2024; Matsugi et al., 2025). 

Future research should focus on the development 

and validation of standardized, evidence-based re-

habilitation frameworks that integrate rehabilita-

tion, occupational therapy, and modern technologi-

cal tools. Such frameworks should incorporate clear 

criteria for patient stratification, goal setting, inter-

vention selection, and outcome evaluation. Ad-

dressing these issues will contribute to improving 

the consistency and clinical applicability of rehabil-

itation programs for patients with SCA1. 

From a clinical perspective, the proposed struc-

tured approach may support more consistent reha-

bilitation planning in neurological practice. 

This narrative review has several limitations. 

The analysis included heterogeneous rehabilitation 

studies differing in intervention protocols, duration, 

and outcome measures. Due to the limited number 

of studies specifically focused on SCA1, evidence 

from broader cerebellar ataxia populations was also 

considered. In addition, the narrative design does 

not allow quantitative comparison of intervention 

effectiveness. Nevertheless, the review provides an 

evidence-informed overview of current physiother-

apy approaches and emerging technological trends 

in the rehabilitation of patients with SCA1. 

 

CONCLUSION 

Despite significant advances in understanding 

the genetic and neurophysiological mechanisms of 

spinocerebellar ataxia type 1, effective disease-

modifying treatments remain unavailable. Conse-

quently, symptomatic therapy and rehabilitation 

constitute the cornerstone of patient management. 

Rehabilitation and occupational therapy pro-

grams aimed at improving balance, coordination, 

gait, and functional independence demonstrate con-

siderable potential to mitigate disease-related disa-

bility and enhance quality of life (Synofzik et al., 

2014; Matsugi et al., 2025; Weber et al., 2024). The 

integration of balance training, task-specific exer-

cises, and modern technologies such as stabilometry 

and biofeedback allows for more precise assessment 

and individualized intervention planning (Saunders 

et al., 2015; Jarbi et al., 2022; Atamaniuk et al., 

2016). 

However, the absence of standardized rehabilita-

tion protocols and unified outcome criteria  



Zdravotnícke listy, Ročník 14, Číslo 3, 2026                                                                                                                                  ISSN 2644-4909 

  

PÔVODNÉ PRÁCE / ORIGINAL WORKS   
38 

underscores the need for further clinical research. 

Future studies should focus on the development, 

validation, and long-term evaluation of evidence-

based rehabilitation programs tailored to the type 

and severity of ataxic manifestations in patients 

with SCA1. 
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