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Abstract 

Background: Cerebellar Ataxia is caused due to damage to the cerebellum or the pathways connecting to it. 

Degenerative diseases, hereditary diseases also autosomal dominant diseases are leading causes of cerebellar ataxia. 

Balance and gait are most severely affected along with other clinical features named Dysmetria, Tremors, 

Dysdiadochokinesia, hypotonia, and ocular involvement. Outcome tools for assessing the diagnosis and severity of 

ataxia are the scale for the assessment and rating of ataxia (SARA), and International cooperative ataxia (ICARS). 

MRI can be used for accuracy to locate the area of incoordination by cerebellar atrophy in the intermediate and lateral 

lobule. 

Method: We have extensively searched PubMed, Scopus, Cochrane Databases in which we included publications from 

the last 5 years.  

Result: We found out that there is a positive impact in balance and gait in assistance with body weight support (BWS) 

along with the management of fatigue for patients with cerebellar ataxia. 

Conclusion: Hence this communication reveals the combined management for ataxic patients focusing on areas of 

coordination like balance and gait by evaluating the areas of motor dysfunction. 
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1. INTRODUCTION 

The cerebellum is the most unique brain structure 

which is easily noticeable on the dorsal surface of the 

brain stem. Motor coordination of movement and 

sensory feedback is the function that is regulated by the 

cerebellum. The main cause for cerebellar Ataxia is 

due to damage to the cerebellum or the pathways 

connecting to it [1]. The word ‘Ataxia’ means an 

abnormal wide base of support result in motor 

imbalance while walking or standing [2]. At times there 

is a delayed inactivation of muscle concerning time 

and duration or decreased magnitude with voluntary 

movement due to the acquired ataxic pattern of the 

person with cerebellar ataxia [3]. Cerebellar Strokes are 

not uncommon but in comparison with Cerebral 

Stroke, they are rare resulting in an incidence of less 

than 5 percent [2]. Degenerative diseases are also a 

contributing factor for the cause of cerebellar ataxia 

such as hereditary diseases and spinocerebellar ataxia 

(SCA) referred to as autosomal dominant disorders [1]. 

The clinical signs of a person with cerebellar 

dysfunction include limb involvement such as 

Dyssynergia, dysmetria, tremors, dysdiadochokinesia, 

asthenia, and hypotonia. Balance and gait dysfunction 
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are also leading features for patients with ataxia. 

Nystagmus, saccadic smooth pursuit, abnormal 

vestibular-ocular reflex, the reduced velocity of 

divergent eye movement, and dysarthria subsidize as 

ocular involvement resulting in the clinical 

manifestation for the same [4].  

2. OUTCOME MEASURE FOR ASSESSMENT 

OF CEREBELLAR ATAXIA. 

Activities of daily living (ADL) and the functions of 

the patients should be evaluated to ensure that patients 

and therapists understand the difference between the 

effectiveness of the pre and post-intervention [5,6]. The 

common scales used to recognize the severity of 

cerebellar ataxia are the Scale for assessment and 

rating of ataxia (SARA) [7,8,9,10,11] and also International 

cooperative ataxia rating scale (ICARS) [11] are the 

specialized measures that are widely used. These 

scales not only account for incoordination for the 

upper and lower limb but also a perception of stability 

while walking, standing, and sitting [5,11,12]. In Ataxic 

patients, postural disorder scales were used with an 

isometric testing mode along with a Biodex 

dynamometer (Medical Inc., Shirley, NY) which is 

used for force control. This was an important course 

that helped to estimate the contraction ability of the 

muscle to manage force in the lower limb. A change in 

the Posture and gait can be characterized by disruption 

in muscle contraction with reduced force control [13]. 

Walking and pedaling, movement is accomplished 

with both legs while patients with cerebellar ataxia 

possess difficulty with repetitive motion, amplitude, 

and pace [14]. Magnetic resonance imaging (MRI) can 

be used to pinpoint the exact location of 

incoordination. According to the study based on 

functional magnetic resonance imaging (fMRI), any 

interference with the rostral cortex lobules and caudal 

spinocerebellar sub-lobules comprises somatotopic 

maps of the cerebellum which are associated with 

voluntary limb movement are easily noticed [15]. 

People with cerebellar atrophy in the intermediate and 

lateral lobule have difficulty in voluntarily moving 

their limbs are detected using MRI [16,17,18].    

3. PHYSIOTHERAPY AND 

REHABILITATION FRAMEWORK IN 

PATIENTS WITH CEREBELLAR ATAXIA: 

Treatment approach targeting Balance 

Impairment -  

The exercise program designed by Jl Kellar et al 

included the exercises which were to be performed at 

home after the session which was carried out at the 

hospital. The instruments were modified based on the 

severity of the disease which was a part of the program 

included a chair, an exercise ball, as well as a balance 

disc. At the end of four weeks of the treatment 

protocol, it was observed that gait functions were 

improved. After a hospital stay, this postural training 

was advised to be practiced at home based on the 

patient's comfort [19]. In the patient with cerebellar 

ataxia, an upper-extremity function was improved 

through core stability exercises. Improved trunk 

stability is thought to improve distal stability and 

controlled upper-extremity movement. The movement 

of the shoulders was ensured by trunk stability, the 

elbow, wrist, and fingers which resulted in gradual 

stability for the glenohumeral joint. Abdominal 

exercises help to benefit with upper limb component 

by enhancing trunk stabilization [20]. The further study 

revealed that the patients with ataxic neuropathy were 

given foot sensory stimulation along with balance and 

gait training as a part of the training program. These 

findings revealed that the intervention could help 

patients to enhance their motor function in association 

with coordination and gait[21]. Based on the previous 

study, the standardized physiotherapy activities for 

training static and dynamic standing balance were 

started with a single leg followed by sitting movement 

along with reach out and walking with assistance for 

21 hrs. The intervention was practiced as a 3-month 

weekly protocol. Rhythmic PNS, activities for 

stabilization, and Frenkel drills were a training 

protocol including 4 weeks for thrice a week to 

develop balance in static and dynamic motion [3] 

Correction of the gait pattern -  

Cernak et al emphasized the Bodyweight support 

training (BWST)  as a  4 weeks protocol for 5 times 

per week, using the system with overground walking 

practice. Following, four months of home training with 

BWST were accomplished. The amount of body 

weight support was changed to maximize upright 

posture across session posters and self-contained 

stepping. Firstly, around 30% of the body's weight was 

facilitated by the strap. Assistance with treadmill 

walking as well as while walking above ground was 

practiced by the second month, this leads to a reduction 

of body weight support by 10 percent. With the 

assistance of the therapist in lowering the leg to 

facilitate the leg, place one hand on top of each foot. 

Heel strike and toe clearance mostly during swing 

phase in the first stance and to prevent knee 

hyperextension; place the other hand behind the knees. 

Through the training session, the amount of type of 
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assistance from a manual was reduced. Training speed 

was gradually increased tailored to each individual’s 

needs and ability to maintain adequate motor control 

of the legs. Progression of this training on a treadmill, 

the patient spent an hour and a half 15 minutes is a 

good starting point however the amount of time spent 

walking above ground as patients stepping ability and 

tolerance improved the dose was increased for physical 

activity[22]. An intervention included ten people with 

cerebellar ataxia and eight healthy people of the same 

age who participated in this study. Only once the 

perturbation was given to the people. The individual 

walked on a treadmill when doing so, Spontaneous 

waist-pull perturbation was applied either by an active 

tethered pelvic support device. During steady motion 

and preventive responses, spatiotemporal variables 

and dynamic stability were analyzed, both before and 

after training. Individuals with cerebellar ataxia 

showed a significant change than healthy individuals 

in the aspects related to maintaining a before and after 

the treatment, a larger base of support for restorative 

responses, and a consistent gait secondly through this 

training also does patients anterior and posterior 

margins of stability were shown to be effective during 

steady walking[23]. 

Assistive devices which facilitate gait training -  

A recent study has shown to be effective in improving 

the mobility for the patient with spinocerebellar ataxia 

using an exoskeletal gait training device. The program 

was practiced for 8 weeks as three-session was held for 

30 min. The program was practiced in three categories 

such as static standing balance for 5 min followed by 

weight-bearing and weight transfer exercises for 5 min 

overground walking with the support of the 

exoskeleton device. The speed and cadence for the 

patient are set based on the patients walking ability. 

The immobility of the patient was achieved through 

stimulation to the nervous or musculoskeletal system. 

Along with the muscular and nervous system, the 

cardiovascular endurance peak for the patient was been 

improving [24]. 

Fatigue -  

Fatigue has been linked to many neurodegenerative 

disorders, and it has been shown to reduce the quality 

of life. In spinocerebellar ataxia, there is a lack of a 

systemic evaluation of this clinical feature. The study’s 

primary purpose was to measure out how often people 

are getting tired and the factors that contribute to it in 

people with spinocerebellar ataxia. The Modified 

Fatigue Impact Scale (MFIS), the Beck Inventory 

Depression (BDI), and the Epworth Sleepiness Scale 

are all used to assess fatigue (ESS). The incidence of 

ataxia was determined using the Scale for the 

Assessment and Rating of Ataxia (SARA). To analyze 

the group’s average score and proportion, we utilized 

Mann-Whitney and Fisher exact tests. To study 

parameters linked to fatigue in SCA3/MJD, linear 

regression analyses were used [25]. 

Role of the treadmill in cerebellar ataxia 

management -  

Treadmill training improved SCA1 mice's cerebellum 

by motor coordination and neuronal ability to survive. 

They were encouraged at 12 m/min for 50 minutes 

each day for four weeks. In Purkinje cells, the 

mechanism is linked to the induction of rpS6 

phosphorylation but not autophagy. The session 

positively impacted the cerebellum's NPAS4, a neural 

plasticity protein, and rise cell activity. This research 

helped to educate that treadmill training has a very 

powerful impact on the activation of the mTOR 

signaling mechanism[26].  

REFERENCES 

[1] Rolando T. Lazaro, Sandra Reina – Guerra, 

Myla U. Quiben, Umpred Neurological 

Rehabilitation, Seventh Edition, page no.560.  

[2] Jones TM, Shaw JD, Sullivan K, Zesiewicz TA. 

Treatment of cerebellar ataxia. Neurodegener 

Dis Manag. 2014 Oct;4(5):379-92. doi: 

10.2217/nmt.14.27, PMID 25405651. 

[3] Martin CL, Tan D, Bragge P, Bialocerkowski 

A. Effectiveness of physiotherapy for adults 

with cerebellar dysfunction: a systematic 

review. Clin Rehabil. 2009 Jan;23(1):15-26. 

doi: 10.1177/0269215508097853, PMID 

19114434. 

[4] Morton SM, Bastian AJ. Relative contributions 

of balance and voluntary leg-coordination 

deficits to cerebellar gait ataxia. J 

Neurophysiol. 2003 Apr 1;89(4):1844-56. doi: 

10.1152/jn.00787.2002, PMID 12612041. 

[5] Marquer A, Barbieri G, Pérennou D. The 

assessment and treatment of postural disorders 

in cerebellar ataxia: a systematic review. Ann 

Phys Rehabil Med. 2014 Mar 1;57(2):67-78. 

doi: 10.1016/j.rehab.2014.01.002, PMID 

24582474. 

[6] Tyson S, Watson A, Moss S, Troop H, Dean-

Lofthouse G, Jorritsma S, Shannon M, Greater 

Manchester Outcome Measures Project. 

Development of a framework for the evidence-



Letters in High Energy Physics 
ISSN: 2632-2714 

Volume 2024 

 

71 

based choice of outcome measures in 

neurological physiotherapy. Disabil Rehabil. 

2008 Jan 1;30(2):142-9. doi: 

10.1080/09638280701216847, PMID 

17852285. 

[7] Fonteyn EM, Heeren A, Engels JJ, Den Boer JJ, 

van de Warrenburg BP, Weerdesteyn V. Gait 

adaptability training improves obstacle 

avoidance and dynamic stability in patients 

with cerebellar degeneration. Gait Posture. 

2014 May 1;40(1):247-51. doi: 

10.1016/j.gaitpost.2014.04.190, PMID 

24786476. 

[8] Kim BR, Lim JH, Lee SA, Park S, Koh SE, Lee 

IS, Jung H, Lee J. Usefulness of the Scale for 

the Assessment and Rating of Ataxia (SARA) 

in ataxic stroke patients. Ann Rehabil Med. 

2011 Dec;35(6):772-80. doi: 

10.5535/arm.2011.35.6.772, PMID 22506205. 

[9] Chang YJ, Chou CC, Huang WT, Lu CS, Wong 

AM, Hsu MJ. Cycling regimen induces spinal 

circuitry plasticity and improves leg muscle 

coordination in individuals with 

spinocerebellar ataxia. Arch Phys Med Rehabil. 

2015 Jun 1;96(6):1006-13. doi: 

10.1016/j.apmr.2015.01.021, PMID 25668777. 

[10] Yabe I, Matsushima M, Soma H, Basri R, 

Sasaki H. Usefulness of the Scale for 

Assessment and Rating of Ataxia (SARA). J 

Neurol Sci. 2008 Mar 15;266(1-2):164-6. doi: 

10.1016/j.jns.2007.09.021, PMID 17950753. 

[11] Schmitz-Hübsch T, Du Montcel ST, Baliko L, 

Berciano J, Boesch S, Depondt C, Giunti P, 

Globas C, Infante J, Kang JS, Kremer B, 

Mariotti C, Melegh B, Pandolfo M, Rakowicz 

M, Ribai P, Rola R, Schöls L, Szymanski S, van 

de Warrenburg BP, Dürr A, Klockgether T, 

Fancellu R. Scale for the assessment and rating 

of ataxia: development of a new clinical scale. 

Neurology. 2006 Jun 13;66(11):1717-20. doi: 

10.1212/01.wnl.0000219042.60538.92, PMID 

16769946. 

[12] Salcı Y, Fil A, Armutlu K, Yildiz FG, Kurne A, 

Aksoy S, Nurlu G, Karabudak R. Effects of 

different exercise modalities on ataxia in 

multiple sclerosis patients: a randomized 

controlled study. Disabil Rehabil. 2017 Dec 

18;39(26):2626-32. doi: 

10.1080/09638288.2016.1236411, PMID 

27794631. 

[13] Harris-Love MO, Siegel KL, Paul SM, Benson 

K. Rehabilitation Mnagement of Friedreich 

ataxia: lower extremity force-control 

variability and gait performance. Neurorehab 

Neural Repair. 2004 Jun;18(2):117-24. doi: 

10.1177/0888439004267241, PMID 

15228808. 

[14] Matsuo Y, Asai Y, Nomura T, Sato S, Inoue S, 

Mizukura I, Yoneda T, Miki A, Abe K. 

Intralimb incoordination in patients with ataxia. 

NeuroReport. 2003 Nov 14;14(16):2057-9. doi: 

10.1097/00001756-200311140-00010, PMID 

14600497. 

[15] Grodd W, Hülsmann E, Lotze M, Wildgruber 

D, Erb M. Sensorimotor mapping of the human 

cerebellum: fMRI evidence of somatotopic 

organization. Hum Brain Mapp. 2001 

Jun;13(2):55-73. doi: 10.1002/hbm.1025, 

PMID 11346886. 

[16] Timmann D, Brandauer B, Hermsdörfer J, Ilg 

W, Konczak J, Gerwig M, Gizewski ER, 

Schoch B. Lesion-symptom mapping of the 

human cerebellum. Cerebellum. 2008 Dec 

1;7(4):602-6. doi: 10.1007/s12311-008-0066-

4, PMID 18949530. 

[17] Timmann D, Konczak J, Ilg W, Donchin O, 

Hermsdörfer J, Gizewski ER, Schoch B. 

Current advances in lesion-symptom mapping 

of the human cerebellum. Neuroscience. 2009 

Sep 1;162(3):836-51. doi: 

10.1016/j.neuroscience.2009.01.040, PMID 

19409233. 

[18] Burciu RG, Reinold J, Rabe K, Wondzinski E, 

Siebler M, Müller O, Theysohn N, Gerwig M, 

Donchin O, Timmann D. Structural correlates 

of motor adaptation deficits in patients with 

acute focal lesions of the cerebellum. Exp Brain 

Res. 2014 Sep 1;232(9):2847-57. doi: 

10.1007/s00221-014-3956-3, PMID 24798401. 

[19] Keller JL, Bastian AJ. A home balance exercise 

program improves walking in people with 

cerebellar ataxia. Neurorehab Neural Repair. 

2014 Oct;28(8):770-8. doi: 

10.1177/1545968314522350, PMID 

24526707. 

[20] Miyake Y, Kobayashi R, Kelepecz D, 

Nakajima M. Core exercises elevate trunk 

stability to facilitate skilled motor behavior of 

the upper extremities. J Bodyw Mov Ther. 2013 

Apr 1;17(2):259-65. doi: 

10.1016/j.jbmt.2012.06.003, PMID 23561876. 

[21] Missaoui B, Thoumie P. Balance training in 

ataxic neuropathies. Effects on balance and gait 

parameters. Gait Posture. 2013 Jul 1;38(3):471-



Letters in High Energy Physics 
ISSN: 2632-2714 

Volume 2024 

 

72 

6. doi: 10.1016/j.gaitpost.2013.01.017, PMID 

23465318. 

[22] Cernak K, Stevens V, Price R, Shumway-Cook 

A. Locomotor training using body-weight 

support on a treadmill in conjunction with 

ongoing physical therapy in a child with severe 

cerebellar ataxia. Phys Ther. 2008 Jan 

1;88(1):88-97. doi: 10.2522/ptj.20070134, 

PMID 17940104. 

[23] Aprigliano F, Martelli D, Kang J, Kuo SH, 

Kang UJ, Monaco V, Micera S, Agrawal SK. 

Effects of repeated waist-pull perturbations on 

gait stability in subjects with cerebellar ataxia. 

J Neuroeng Rehabil. 2019 Dec;16(1):50. doi: 

10.1186/s12984-019-0522-z, PMID 30975168. 

[24] Kim SH, Han JY, Song MK, Choi IS, Park HK. 

Effectiveness of robotic exoskeleton-assisted 

gait training in spinocerebellar ataxia: A case 

report. Sensors (Basel). 2021 Jan;21(14):4874. 

doi: 10.3390/s21144874, PMID 34300613. 

[25] Martinez AR, Nunes MB, Faber I, D’Abreu A, 

Lopes-Cendes Í, França MC. Fatigue and its 

associated factors in spinocerebellar ataxia type 

3/Machado–Joseph disease. Cerebellum. 2017 

Feb 1;16(1):118-21. doi: 10.1007/s12311-016-

0775-z, PMID 27021342. 

[26] Chuang CS, Chang JC, Soong BW, Chuang SF, 

Lin TT, Cheng WL, Orr HT, Liu CS. Treadmill 

training increases the motor activity and neuron 

survival of the cerebellum in a mouse model of 

spinocerebellar ataxia type 1. Kaohsiung J Med 

Sci. 2019 Nov;35(11):679-85. doi: 

10.1002/kjm2.12106, PMID 31271500. 


