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Abstract 

Purpose: In cases with inherited ataxias an attack of stroke could prove to be instigating factor 

for worsening symptoms of primary disease. A graded exercise intervention approach would 

create significant improvement. The purpose of this study was to assess the applicability of an 

exercise protocol to improve balance and gait abnormalities in the patient. 

Materials and Methods: A 63 year old male with history of inherited cerebellar ataxia, had 

an attack of stroke, after which his symptoms of cerebellar ataxia worsened. He had difficulty 

in standing, walking and writing. Level of ataxia and stroke severity was calculated by Scale 

for Assessment and Rating of Ataxia (SARA) and National Institutes of Health Stroke Scale. 

The physiotherapy protocol was of 6 weeks duration and modified every 2nd week depending 

upon the patient’s progress. The protocol aimed at improving the balance and gait 

abnormalities along with cognition. Tinneti’s Performance Oriented Mobility Scale and Timed 

Up and Go Test were assessed as outcomes at the baseline, and after every two weeks of 

intervention till 6 weeks. 

Results: Post readings demonstrated significant changes in balance and gait of patient but the 

improvement showed to be neutral after follow up assessment. Pertaining to the fact that 

institution based or clinical based rehabilitation was much effective when compared to follow 

ups. 

Conclusion: The protocol effectively reduced patient’s symptoms and enhanced balance and 

stability which propels that it could be used effectively in future for such cases.   

Keywords: Ataxia, Gait, Physical Therapy Modalities, Postural balance, Spinocerebellar 

Degenerations, Stroke, Walking.  

 

Introduction: 

Spinocerebellar ataxia is the most common autosomal dominant hereditary anomaly found in Indian 

population.1 Type 2 of SCA prevails to be the most common among various alleles of SCA. Depending 

upon its occurrence ataxia can be genetic or developed (acquired)2. Neurological findings adhering to 

SCAs are more or less involved with cerebellum impairments3. It is a broader term used to define the 

general characteristics of gait disturbances, in-coordination of functions of the extremities and balance 

abnormalities.2. These symptoms are can be further deteriorated by any trauma or disturbance created 

in the vascular supply of the cerebellum leading to worsening of symptoms.4 One of these is the 

occurence of Transient Ischemic Attack (TIA) or stroke which is most prevalent cause of disability in 

Indian population, with an incidence rate of 119-145/100,000.5 Thus, symptoms like dysmetria, tremors 

which may be intentional or resting, dysdiadochokinesia, hypotonia and unsteadiness of walking 

patterns along with other classical features of ataxia can be deteriorated.6, 7,8 But a recent study suggests 

that there is a high chance of prevalence of cognitive deficit along with motor deficits in patients with 

SCAs.9 

Physiotherapy can play a mainstay role in limiting effects of stroke as well as in facilitating 

improvement in symptoms of ataxia. Rehabilitation and exercise therapeutics are key domains of 

treatment for the disease10’ 11 Exercise protocols defined for the treatment of balance abnormality and 
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ataxic gait such as Bobath approach, dynamic balance trainings, task oriented interventions and 

interventions for improving balance are practised regularly10. For the purpose of balance training, 

locomotor treadmill training equipped with or without weights was proved to be efficient12. Body 

weight supported treadmill training has proven to be effective and used worldwide. Researchers have 

also utilized dance like movement patterns for the same purpose12. Interventions rendered to ataxic 

patients mostly revolve around static and dynamic balance regimes. But when these symptoms get 

worsened by stroke, it needs a more detailed and accurate approach which can suggest improvising 

cognition along with motor deficits.9 For improving cognition in these patients Cranial Electrical 

Stimulations (CES) can be implied effectively.13 

The basic aim of this report was to discuss about a case of inherited cerebellar ataxia which get worsened 

by stroke and the physiotherapeutic intervention designed for him which would be beneficial to 

overcome his super headed disabilities. So it becomes a challenge to treat such a patient and rehabilitate 

him through this intervention. It becomes important to evaluate the appropriate exercise regime and it 

may prove to be helpful for such type of patients in future researches. 

 

Material and Method: 

Patient background and examination: 

A 63 year old male businessman presented with chief complaints of weakness in the left side 

of body with difficulty in writing, difficulty in standing for prolonged duration and fear of 

walking since 1 month. He lived with his spouse and lead an independent working life. He had 

right side dominant with body built mesomorphic. The patient had a history of inherited 

spinocerebellar ataxia, the symptoms of which got worsened following the episode of stroke 

on 20th July 2019, resulting into an additional left side hemiparesis. He was facing mild balance 

impairments for last 3 years but stroke exaggerated the symptoms of balance and gait 

abnormalities. Medical and personnel history of the patient revealed high blood pressure and 

irregular sleep patterns respectively. Diagnosis of spinocerebellar ataxia was made on the basis 

of a T2 Flair MRI scan which depicted reduction of grey matter volume in the cerebellar 

hemispheres.  

On observation, patient demonstrated an ataxic gait pattern with reduced cadence and increased 

step length. Analysis of posture in sagittal plane substantiated the presence of rounded 

shoulders with forward head. On assessing the higher mental functions of patient through Mini- 

Mental State Examination (MMSE), attention was slightly distractible, judgement was slightly 

impaired, speech was slurry and repetitions were irregular with total score of 18/30 depicting 

moderate cognitive impairment. Sensory functions were intact. Comparison of muscle strength 

of both sides of patient’s extremities were done and there was peculiar weakness in left sided 

lower limb flexors and dorsi-flexors (Grade 3+ out of 5 according to Medical Research Council 

scale) along with slight weakness in the left arm too which can be accounted for age factor. 

Prominent dysmetria with presence of intentional tremors, especially on the right side while 

writing or concentrating to write, was also seen. Diagnosis of the patient for ataxia was done 

on the basis of Scale for Assessment and Rating of Ataxia (SARA) whose score came to be 

22/40.14 The score of patient depicted his lineage towards maximal dependency. The stroke 

severity of the patient was measured by the National Institutes of Health Stroke Scale 

(NIHSS)15 scoring 10/42, depicting moderate stroke severity. 
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Design and Outcome: 

The study design of this research is single subject A-B-A design case study. Balance and Gait 

were taken as dependent variables as these were the major challenges for the patient to lead an 

independent life. The tests which are used as primary outcome measures are Tinneti’s POMA 

scale and Timed Up and Go test (TUG). National Institutes of Health Stroke Scale (NIHSS) 

and Scale for Assessment and Rating of Ataxia (SARA) were considered as secondary 

outcomes. POMA has domains of both balance and gait. Balance domain of scale includes 

markings for sitting balance, sit-to stand balance, standing balance, turning around and again 

stand-to-sit balance.16 The highest marking for balance domain is 16. Markings of gait domains 

were done on the basis of activities such as initiation of gait, step length and height, step 

symmetry, step continuity, estimation of path, trunk stability and walking stance. The 

maximum scoring for gait domain is 12. The total score for the whole scale equals to be 28.17  

For the TUG test, the patient was asked to sit in a chair with back and elbow support in front 

of a passage of 15 feet. He was then asked to stand, walk normally, return back to the chair and 

sit. The total time taken by him to complete whole ambulation was recorded.18 

Intervention: 

Informed consent was obtained from the patient prior to the treatment as well as for 

presentation of his case. The whole intervention was given in 3 sessions of 60 minutes each for 

6 weeks. Each intervention was continued for 2 weeks and assessment was taken after each 

intervention. Follow up assessment was also taken after 6 weeks of intervention following 

home exercises.  Refer to table 1 for detailed physiotherapeutic interventions performed for all 

the T1, T2, T3 and home exercise programme. The treatment session started from 5th August 

2019.  

(Place figure 1 almost here) 

(Place table 1almost here) 

Outcomes: 

The outcome measures were assessed at the baseline, after first session, after second session, 

post third session and at follow up. Pre assessment (A0) was performed at the beginning of 

treatment i.e. prior to first day of intervention which was considered as a baseline parameter. 

Post assessments were taken after every two weeks of intervention upto six weeks which were 

coined as A1, A2 and A3. A follow up assessment (A4) was also taken after 2 weeks of home 

exercises program following interventions. POMA assessments scores for whole interventions 

were A0score 10/28 constituting 35.71%, A1 scores found to be 13/28, i.e., 46.43%, A2 scores 

were 18/28 or 64.29%, A3 score was found to be 22/28 or 78.57%. Post these sessions the 

patient was taught home exercises and (A4) was taken post 2 weeks which was 16/28, i.e., 

57.14%. Results depicting separate values for balance and gait domains are listed in figure 2. 

Another outcome measure was Timed Up and Go Test. The assessment scores were initially 

(A0) patient took 3 minutes 25 seconds, post 2 weeks of intervention (A1) the patient took 3 

minutes 10 minutes, after another two weeks of intervention (A2) the patient took 

approximately 3 minutes. After the completion of third session (A3) patient took an approx. 2 

minutes and 44 seconds time duration. At the follow up session (A4) the patient took 3 minutes 

approximately to complete the test. The graph depicting patient’s overall result as recorded by 

TUG test are depicted in figure 3. On completion of 6 weeks of treatment protocol, the Scale 

for Assessment and Rating of Ataxia (SARA) score reached 14/40 from 22/40, changing from 
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maximal dependent to moderate dependent category and the National Institutes of Health 

Stroke Scales (NIHSS) score reached 4/42 from 10/42, promoting the patient from moderate 

stroke severity to minor stroke severity.   

(Place figure 2 and 3 almost here) 

Discussion: 

The present study was aimed to evaluate the effects of a definite rehabilitation based protocol 

for patients with inherited cerebellar ataxia which may benefit the patient with the utmost care. 

A thorough rehabilitation protocol for this patient including the physiotherapeutic exercises 

and simple task related exercises could create a vast difference in improvements over pre-set 

time duration.19 After 6-week’s protocol, patient showed improvements in his walking pattern, 

his balance anomalies, and his distance judgement capabilities after the rehabilitation which 

was rendered to the patient. He also reported that his quality of life was improved and he was 

able to accomplish his daily activities with more precision.  

Post 6 weeks intervention programme, the scoring of NIHSS score made the patient fall in 

minor stroke severity category and scoring of SARA depicted moderate dependency from 

maximal dependency. However intentional tremor didn’t show any significant improvement 

but there was comparatively less occurrence of tremors while performing the activities of his 

daily living. The effect of task oriented exercises which were actively performed by the patient 

was beneficial in making his concentration and coordination.20 Balance and gait abnormalities 

were the main difficulties faced by the patient which were benefitted from the hurdle gait 

training and static balance exercises.  Mostly patients with cerebellar ataxia have symptoms 

like balance and postural instabilities.12 This was the main stay of the rehabilitation protocol to 

be laid emphasis on. 

 Frenkel’s exercises along with the hurdle training and 8 pattern walking training exercises 

have been proven to beneficial for abnormalities of gait and redeem normal gait walking pattern 

with improvements in decision making while walking or stopping. Findings of the therapy 

showed that while the patient received physiotherapy treatment in supervision of therapists the 

scores of patient’s progress continually increased every 2 weeks. But it also concludes that 

however home treatment procedures were not capable of pertaining the progress of the patient’s 

health. However he also had problems with his tremors and his strength which were 

significantly enhanced. Patients with stroke are often treated according to their presenting 

symptoms. This study helps to identify that not only patients present condition but their past 

diagnosis could cause a great impact over the type of treatment chosen for the patient. Cranial 

Electrotherapy stimulation is proved to affect the cognition in patients with mild to moderate 

cognitive deficits and thus results of this case study is in line with previous literature.13 

If proper diagnosis is not made it could lead to revolving around a protocol which won’t be 

benefiting the patient’s condition. The strengths of this case study is that the intervention 

rendered to patient involves not only his presenting symptoms but interventions which would 

treat the cause of such symptoms, feasibility of protocol devised and a combined protocol 

including conventional and recent evidence based treatment methods. Although this case study 

has a limitation which includes that protocol applied for this patient cannot be generalized as 

it is a single case study.  
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Conclusion: 

The study concludes that the protocol applied for this patient may benefit other patients too 

which are suffering from stroke and having symptoms or genetic history of ataxia. A specific 

treatment regime of physiotherapy in accordance with the symptoms presented by patient 

makes treatment more concentrated and helpful.  

 

References: 

1.  Sinha KK, Worth PF, Jha DK, Sinha S, Stinton VJ, Davis MB, et al. Autosomal 

dominant cerebellar ataxia: SCA2 is the most frequent mutation in eastern India. J 

Neurol Neurosurg Psychiatry. 2004;75(3):448–52.  

2.  Hadjivassiliou M, Martindale J, Shanmugarajah P, Grünewald RA, Sarrigiannis PG, 

Beauchamp N, et al. Causes of progressive cerebellar ataxia: Prospective evaluation of 

1500 patients. J Neurol Neurosurg Psychiatry. 2017;88(4):301–9.  

3.  Alves CAPF, Fragoso DC, Gonçalves FG, Marussi VH, Amaral LLF do. Cerebellar 

Ataxia in Children: A Clinical and MRI Approach to the Differential Diagnosis. Top 

Magn Reson Imaging. 2018;27(4):275–302.  

4.  Belas Dos Santos M, Barros de Oliveira C, Dos Santos A, Garabello Pires C, Dylewski 

V, Arida RM. A Comparative Study of Conventional Physiotherapy versus Robot-

Assisted Gait Training Associated to Physiotherapy in Individuals with Ataxia after 

Stroke. Behav Neurol. 2018;2018:1–6.  

5.  Pandian JD, Sudhan P. Stroke Epidemiology and Stroke Care Services in India. J Stroke. 

2013;15(3):128–34.  

6.  Ranavolo A, Serrao M, Varrecchia T, Casali C, Filla A, Roca A, et al. The Working Life 

of People with Degenerative Cerebellar Ataxia. Cerebellum. 2019;18(5):910–21.  

7.  Winser S, Pang MYC, Rauszen JS, Chan AYY, Chen CH, Whitney SL. Does integrated 

cognitive and balance (dual-task) training improve balance and reduce falls risk in 

individuals with cerebellar ataxia? Med Hypotheses [Internet]. 2019;126(March):149–

53. Available from: https://doi.org/10.1016/j.mehy.2019.03.001 

8.  Pavone P, Praticò AD, Pavone V, Lubrano R, Falsaperla R, Rizzo R, et al. Ataxia in 

children: Early recognition and clinical evaluation. Ital J Pediatr [Internet]. 2017;43:1–

9. Available from: http://dx.doi.org/10.1186/s13052-016-0325-9 

9.  Mastammanavar VS, Kamble N, Yadav R, Netravathi M, Jain S, Kumar K, et al. Non-

motor symptoms in patients with autosomal dominant spinocerebellar ataxia. Acta 

Neurol Scand. 2020;142(4):368–76.  

10.  Kelly G, Shanley J. Rehabilitation of ataxic gait following cerebellar lesions: Applying 

theory to practice. Physiother Theory Pract. 2016;32(6):430–7.  

11.  Helen Hartley EC. Exercise and Physical Therapy Interventions for Children with 

Ataxia: A Systematic Review. Cerebellum. 2019;18.  

12.  Song YG, Ryu YU, Im SJ, Lee YS, Park JH. Effects of dance-based movement therapy 

on balance, gait, and psychological functions in severe cerebellar ataxia: A case study. 

Physiother Theory Pract [Internet]. 2019;35(8):756–63. Available from: 

https://doi.org/10.1080/09593985.2018.1457119 

13.  Brunyé TT, Patterson JE, Wooten T, Hussey EK. A Critical Review of Cranial 

Electrotherapy Stimulation for Neuromodulation in Clinical and Non-clinical Samples. 



Journal of Cardiovascular Disease Research 
 

 ISSN: 0975-3583, 0976-2833           VOL12, ISSUE 01, 2021 

1003 
 

Front Hum Neurosci. 2021;15(February):1–16.  

14.  Saute JAM, Donis KC, Serrano-Munuera C, Genis D, Ramirez LT, Mazzetti P, et al. 

Ataxia rating scales-psychometric profiles, natural history and their application in 

clinical trials. Cerebellum. 2012;11(2):488–504.  

15.  Harrison JK, McArthur KS, Quinn TJ. Assessment scales in stroke: Clinimetric and 

clinical considerations. Clin Interv Aging. 2013;8:201–11.  

16.  Canbek J, Fulk G, Nof L, Echternach J. Test-retest reliability and construct validity of 

the tinetti performance-oriented mobility assessment in people with stroke. J Neurol 

Phys Ther. 2013;37(1):14–9.  

17.  Jahantabi-Nejad S, Azad A. Predictive accuracy of performance oriented mobility 

assessment for falls in older adults: A systematic review. Med J Islam Repub Iran. 

2019;33(1).  

18.  Alghadir AH, Al-Eisa ES, Anwer S, Sarkar B. Reliability, validity, and responsiveness 

of three scales for measuring balance in patients with chronic stroke. BMC Neurol. 

2018;18(1):1–7.  

19.  Miyai I, Ito M, Hattori N, Mihara M, Hatakenaka M, Yagura H, et al. Cerebellar ataxia 

rehabilitation trial in degenerative cerebellar diseases. Neurorehabil Neural Repair. 

2012;26(5):515–22.  

20.  Sartor-Glittenberg C, Brickner L. A multidimensional physical therapy program for 

individuals with cerebellar ataxia secondary to traumatic brain injury: A case series. 

Physiother Theory Pract. 2014;30(2):138–48.  

 

 

TABLE  

Table 1: Shows detailed physiotherapy interventions. 

 

Intervention Type of Exercise Description of Exercise Intensity 

T1 (for 1st and 

2nd week) 

Pelvic bridging 

exercises 

The patient is asked to lie down supine with knees flexed and 

foot resting on the plinth. Then he is asked to raise his pelvis 

upwards. 

10 reps 

Single leg bridging Patient in spine position with one knee flexed and other 

extremity extended and is asked to raise the pelvis in the same 

position bilaterally. 

10 reps 

Frenkel’s exercise 

in sitting 

Patient is in high sitting position and is asked to step on a 

semi-circular arch at equidistance.  

5 reps 

Figure of 8 

walking 

With a chalk a figure 8 is marked on floor and the patient is 

asked to walk over it. 

5 reps 

Straight walking 

training  

Patient is asked to walk over a straight line. 5 reps 

Resisted exercises 

for upper limb and 

lower limb 

On every movement pattern a slight resistance was applied at 

the distal end of the extremity being moved. 

10 reps 
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Hurdle training 4 hurdles were placed on floor and patient was asked to move 

keeping distance from them. 

5 reps 

Discrimination 

exercises 

In this the patient was asked to keep his eyes closed and asked 

to identify different objects handed to him and practised with 

eyes open. 

10 reps 

T2 (for 3rd and 

4th week) 

Frenkel’s exercise 

in standing 

Patients were standing upright and were asked to step in a 

semi-circular arch having foot prints on it. Since patients were 

in high fall risk category, constant support was provided by 2 

physiotherapists on side by the patient. 

1. 2 sets, 

5 reps 

 

 

2. 2 sets, 

5 reps 

 

3. 2 sets, 

5 reps 

 

4. 5 reps 

 

 

5. 5 reps 

 

6. 2 sets, 

5 reps 

 

 

 

7. 2 sets, 

5 reps 

8. 2 sets, 

5 reps 

9. 5 reps 

 

10. 3 sets, 

5 reps 

 

Single leg bridging  Patient in spine position with one knee flexed and other 

extremity extended and is asked to raise the pelvis in the same 

position bilaterally. 

Pelvic bridging  The patient is asked to lie down supine with knees flexed and 

foot resting on the plinth. Then he is asked to raise his pelvis 

upwards. 

Pelvic rotation  The patient was asked to lie down in supine position and 

manually therapist performed pelvic rotations on both sides 

one by one. 

Single leg standing Patient was asked to stand on his one leg for 30 seconds 

bilaterally supported by physiotherapists on both sides 

Proprioceptive 

exercises  

Patient was told that different colours were assigned to his 

upper and lower extremities. Patient was asked to sit in high 

sitting position. Therapist when pronounced the assigned 

colour patient had to flex the extremity assigned that colour. 

Figure of 8 

training 

With a chalk a figure 8 is marked on floor and the patient is 

asked to walk over it. 

Hurdle training 5 hurdles were placed on floor and patient was asked to move 

keeping distance from them. 

Hand Gripping 

exercises 

Patient was asked to practise on hand exercises for gripping 

activity 

Resisted exercise 

for left upper limb 

and lower limb 

On every movement pattern a slight resistance was applied at 

the distal end of the extremity being moved. 

T3 ( for 5th and 

6th week) 

1. Frenkel’s 

exercise in 

standing 

 

 

2. Single leg 

bridging 

 

 

3. Pelvic bridging 

 

1. Patients were standing upright and were asked to step in a 

semi-circular arch having foot prints on it. Since patients 

were in high fall risk category, constant support was 

provided by 2 physiotherapists on side by the patient. 

2. Patient in spine position with one knee flexed and other 

extremity extended and is asked to raise the pelvis in the 

same position bilaterally. 

3. The patient is asked to lie down supine with knees flexed 

and foot resting on the plinth. Then he is asked to raise his 

pelvis upwards. 

1. 2 

sets,5 

reps 

 

 

2. 2 sets, 

5 reps 

 

3. 5 reps 
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4. Single leg 

standing 

 

5. Gait training 

combined 

 

 

6. Proprioceptive 

exercises  

 

 

 

7. Hurdle training  

 

8. Resisted 

training of left 

upper limb and 

lower limb  

9. Figure of 8 

training  

 

10. Gripping 

exercises 

 

4. Patient was asked to stand on his one leg for 30 seconds 

bilaterally supported by physiotherapists on both sides. 

5. During this training patient is asked to walk according to 

the instructions by the therapist i.e., when asked to walk 

straight walk straight, when asked to walk in sideways 

walking in sideways. 

6. Patient was told that different colours were assigned to his 

upper and lower extremities. Patient was asked to sit in 

high sitting position. Therapist when pronounced the 

assigned colour patient had to flex the extremity assigned 

that colour. 

7. 6 hurdles were placed on floor and patient was asked to 

move keeping distance from them. 

8. On every movement pattern a slight resistance was applied 

at the distal end of the extremity being moved. 

 

9. With a chalk a figure 8 is marked on floor and the patient 

is asked to walk over it. 

10. Patient was asked to practise on hand exercises for 

gripping activity. 

 

4. 2 sets, 

5 reps 

5. 3 sets, 

5 reps 

 

 

6. 3 sets, 

5 reps 

 

 

 

7. 3 sets 

5 reps 

8. 3 sets, 

5 reps 

 

9. 2 sets, 

5 reps 

10. 5 reps 

 

Home 

exercises 

programme 

 

1. Gripping 

exercises with 

utensils easily 

available at 

home like ball, 

pen, pencil, 

etc. 

2. Figure of 8 

walking 

pattern  

 

 

3. Single leg 

bridging 

 

 

4. Pelvic bridging 

exercise  

 

5. Single leg 

standing for 3 

minutes each 

1. Patient was asked to practise his hand gripping exercises 

by holding of different utensils at home. 

 

 

 

2. With a chalk a figure 8 is marked on floor and the patient 

is asked to walk over it. 

 

 

3. Patient in spine position with one knee flexed and other 

extremity extended and is asked to raise the pelvis in the 

same position bilaterally. 

4. The patient is asked to lie down supine with knees flexed 

and foot resting on the plinth. Then he is asked to raise his 

pelvis upwards. 

5. Patient was asked to stand on his one leg for 30 seconds 

bilaterally supported by walls or any support on both 

sides. 

1. Atleast  

thrice 

a day. 

 

 

2. Twice 

or 

thrice 

a day. 

 

3. 3 sets, 

10 

reps. 

 

4. 2 sets, 

10 

reps. 

 

5. 1 

minute

s each 

leg 
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leg thrice a 

day. 

 

thrice 

a day 

 

 

Figure 1: Treatment Flowchart 
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Figure 2: Showing improvements in POMA scale domains 

 

 
 

 

Figure 3: Showing results of Timed Up and Go Test 
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