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ABSTRACT
Objective: To describe the alterations observed in electronystagmography (ENG) of 
patients with spinocerebellar ataxia (SCA) types 2 and 3. Method: Sixteen patients were 
studied and the following procedures were carried out: anamnesis, otorhinolaryngological 
and vestibular evaluations. Results: The clinical findings in the entire group of patients 
were: gait disturbances (93.75%), dysarthria (43.75%), headache (43.75%), dizziness (37.50%) 
and dysphagia (37.50%). In the vestibular exam, the rotatory (62.50%) and caloric (75%) tests 
were among those which presented the largest indexes of abnormalities; the presence of 
alterations in the exams was 87.50%, with a predominance of central vestibular disorders in 
68.75% of the exams. Conclusion: Vestibular exams could be an auxiliary tool to investigate 
SCAs, besides a precise clinical approach and, particularly, molecular genetic tests.
Key words: spinocerebellar ataxias, vestibular dysfunction, electronystagmography. 
 
Eletronistagmografia em ataxia espinocerebelar do tipo 3 (SCA3) e do tipo 2 (SCA2)

RESUMO
Objetivo: Verificar as alterações do exame de eletronistagmografia (ENG) em pacientes 
com ataxia espinocerebelar (AEC) tipos 2 e 3. Método: 16 pacientes foram estudados, 
com a utilização dos seguintes procedimentos: anamnese, avaliação otorrinolaringológica 
e avaliação vestibular. Resultados: As principais queixas encontradas na anamnese foram, 
desequilíbrio na marcha (93,75%), dificuldades da fala (43,75%), cefaleia (43,75%), tontura 
(37,50%) e disfagia (37,50%). No exame vestibular, o teste rotatório e o teste calórico 
apresentaram os maiores índices de anormalidades, respectivamente, 62,50% e 75%, com 
a predominância de distúrbio vestibular do tipo central em 68,75% dos casos. Conclusão: 
O exame vestibular pode ser um exame auxiliar na investigação das AECs, junto com a 
avaliação clínica precisa e, particularmente, com os testes de genética molecular.
Palavras-Chave: ataxia espinocerebelar, disfunção vestibular, eletronistagmografia. 
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Autosomal dominant cerebellar ataxias, 
currently denominated spinocerebellar 
ataxias (SCAs), represent a heteroge-
neous group of neurodegenerative dis-
orders primarily affecting the cerebellum 
and its afferent and efferent connections, 
particularly brainstem, and spinal cord1-4. 
Classical clinical findings of SCAs are pro-
gressive gait and limb cerebellar ataxia, as-
sociated with nystagmus, dysarthria, and 
ophthalmoparesis. SCAs may also in-

clude varying degree of additional signs 
from other parts of the nervous system: 
other movement disorders (dystonia, par-
kinsonism, tremor, and myoclonus), spas-
ticity, peripheral neuropathy, cognitive 
impairment, epilepsy, autonomic distur-
bances, optic atrophy, and retinopathy. 
Neuroimaging techniques, particularly 
MRI, have been useful to demonstrate cer-
ebellar, brainstem, and occasionally whole 
brain atrophy in some forms of SCAs2-5.
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SCAs have a prevalence of around 3 to 4.2 cases per 
100,000 people6,7.

The ever growing number of SCA subtypes currently 
reaches up to 30 distinct loci with the most common 
been types 1, 2, 3 (Machado Joseph disease), 6, and 7. By 
far, SCA 3 is the most common subtype worldwide, par-
ticularly in Portugal, Brazil, Japan and China, but there 
are some expected geographic variations of prevalence. 
SCA type 2 has a high incidence in Cuba, and India2-5,8,9.

The most common types of SCAs (types 1, 2, 3, 6 and 
7) are caused by CAG trinucleotide repeat expansions in 
the respective genes2-5,8-10.

Electronystagmography (ENG) has allowed the pos-
sibility of sensitizing the study of the vestibular labyrinth 
and its links and pathways to the central nervous system 
(SNC), and has brought about the completion of a topo-
diagnosis for peripheral and central vestibular loss. 

The fundamental element for vestibular analysis is 
nystagmus, which is a series of ocular movements with 
fast and slow components in opposite directions, and 
which occur alternately. The tests which comprise the 
vestibular exam allow an evaluation of the relationship 
between balance and posterior vestibular labyrinth func-
tion, the vestibular branches of the VIII cranial nerve, 
the vestibular nuclei in the floor of the IV ventricle, the 
vestibular pathways and especially, the vestibulo-oculo-
motor, vestibulocerebellar, vestibulospinal and vestibu-
loproprioceptive-cervical inter-connections. In central 
otoneurological syndromes it is observed that manifes-
tations of disorders in the central vestibular system are 
predominant in the labyrinthic tests11.

The objective of this study is to describe the altera-
tions observed in ENG of patients with SCA types 2 and 3.

METHOD
This study was approved by the Committee of Insti-

tutional Ethics, ruling nº. 058/2008 and all patients gave 
informed consent. 

Sixteen patients (7 female and 9 male) were evalu-
ated in the Movement Disorders Unit, from Neurology 
Service, Hospital de Clínicas, of Federal University of 
Paraná, with a final diagnosis of SCA (9 SCA type 3 and 7 
SCA type 2), according to molecular genetic techniques 
with the use of polymerase chain reaction (PCR)10,12,13. 
Their ages ranged between 17 and 54 years (mean, 41.1; 
standard deviation (SD), 9.5) and the disease duration 
ranged between 2 and 18 years (mean, 9.7; standard 
deviation (SD), 3.9.) All patients were evaluated in the 
Otoneurology Unit of the Tuiuti University of Paraná. 
Patients with significant visual, psychiatric, rheumato-
logical, and musculoskeletal vulnerabilities or any abnor-
mality that prevented completion of the protocol, were 
excluded in the study. 

The patients were submitted to the following pro-
cedures: 

Anamnesis – A questionnaire was administered 
with emphasis on otoneurological signs and symptoms.

Otorhinolaryngological evaluation – Adminis-
tered with the objective of excluding any other altera-
tion that might interfere with the exam.

Patients undertook a special diet, starting 72 hours 
before the otoneurological exams (abstaining from the 
intake of coffee, any kind of soda or caffeinated tea, choc-
olate, smoke, or alcohol). Analgesics, tranquilizers, anti-
histaminic and antivertigo medications were suppressed 
during this period to minimize possible interferences 
with the test results. Three hours of fasting was recom-
mended prior to the exam. 

Vestibular evaluation – Vestibular function eval-
uation is composed of many labyrinthine function and 
ocular tests. The first part of our patients evaluation was 
clinical and consisted of a systematic search for spon-
taneous, gaze, and positional nystagmus - Brandt and 
Daroff ’s maneuver14. The second part consisted of in-
terpretation of the ENG test results, which is the objec-
tive register of the variations in the corneoretinal po-
tentials, captured by sensitive electrodes. The ENG test 
is composed of calibration of ocular movements, search 
for spontaneous and gaze nystagmus, the oscillatory 
tracking test, optokinetic nystagmus search, and rota-
tory and caloric tests.

We performed ENG with three-channel equipment 
(Berger Eletromedicina, model VN316, made in São 
Paulo, São Paulo, Brazil), rotating chair (Ferrante, model 
COD 14200, made in São Paulo, São Paulo, Brazil), a vi-
sual stimulator (Neurograff Eletromedicina, model EV 
VEC, São Paulo, São Paulo, Brazil), and an air caloric 
stimulator (Neurograff Eletromedicina, model NGR 05, 
São Paulo, São Paulo, Brazil).

We compared results with normal standards, ob-
tained from epidemiological studies for the Brazilian 
population15-17. The criteria used to analyze each test as 
well as to distinguish central from peripheral vestibulop-
athy as shown in Table 1.

Statistical method
The descriptive analysis of the data from the anam-

nesis and the vestibular evaluation was performed. 

RESULTS
The most reported symptoms in the anamnesis were 

the prevalence of gait disturbances (93.75%), dysarthria 
(43.75%), headache (43.75%), dizziness (37.50%) and dys-
phagia (37.50%) as shown in Table 2. 

The evaluation of vestibular function, including posi-
tional, gaze nystagmus, oscillatory track test, optokinetic 
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nystagmus, the rotation and caloric tests were abnormal 
in both SCA groups, as depicted in Table 3. 

In the group of altered tests in both SCA, the highest 
prevalence occurred in the caloric test (75%), demon-
strating labyrinthic hypofunction, and in the rotation test 
(62.50%), denoting an absence of reaction in the lateral, 
anterior and posterior semicircular ducts, as observed 
in Table 3. 

Regarding the result of entrance examination, there 
was a higher incidence of central vestibular abnormality 
(68.75%), as shown in Table 4.

DISCUSSION
Several studies have studied specific involvement of 

the vestibular system in SCAs18-21.
Oculomotor integration is due to brainstem struc-

tures and the combination of vestibular dysfunction with 
the presence of cerebellar atrophy can contribute signif-
icantly to the emergence of instability during walking, 
which is part of the initial symptoms of SCA22.

Oculomotor phenotypes in differents SCAs were 
studied by Buttner et al.18 described that oculomotor 
findings are consistent with pure cerebellar involvement 
in SCA type 6, pontine involvement in SCAs type 1 and 2 
and vestibular nerve or nuclei involvement in SCA type 3.

On the other hand, Gordon et al.19 published in 2003 
a very interesting study evaluating the presence of ves-
tibulo-ocular arreflexia in SCA type 3 patients and the 
authors concluded that this finding is very suggestive of 
SCA type 3.

Table 2. Frequency of symptoms of 16 patients with spino-
cerebellar ataxia.

Symptoms
Number of 

patients
Frequency

(%)

Gait disturbances 15 93.75

Dysarthria 7 43.75

Headache 7 43.75

Dizziness 6 37.50

Dysphagia 6 37.50

Falls 5 31.25

Diplopia 5 31.25

Hearing loss 5 31.25

Tremor 4 25.00

Voice alteration 4 25.00

Upper and lower limbs paresthesias 4 25.00

Pain, irradiated to shoulder, arm 3 18.75

Pain, difficulty in neck movement 3 18.75

Depression 3 18.75

Blurred vision 3 18.75

Anxiety 3 18.75

Migraine 3 18.75

Tinnitus 2 12.50

Insomnia 2 12.50

Fatigue 1 6.25

Table 3. Frequency of abnormal findings in the vestibular evaluation in 16 patients with  spinocerebellar ataxia (SCA).

Findings

SCA 3 SCA2 Total

n % n % n %

Bilateral vestibular hyporeflexia 8 88.89 4 57.14 12 75.00

Rotative nystagmus absent 6 66.67 4 57.14 10 62.50

Gaze nystagmus unidirectional 1 11.11 1 14.29 2 12.50

Gaze nystagmus multiple 2 22.22 – 0 2 12.50

Optokinetic nystagmus asymmetrical 1 11.11 1 14.29 2 12.50

Gaze nystagmus bidirectional 1 11.11 – 0 1 6.25

Positional vertigo and/or nystagmus – 0 1 14.29 1 6.25

n: number of patients; %: frequency.

Table 4. Frequency of results in the vestibular evaluation in 16 patients with spinocerebellar ataxia (SCA).

Vestibular exam

SCA 3 SCA2 Total

n % n % n %

Central vestibular disorders 7 77.78 4 57.14 11 68.75

Peripheral vestibular disorders 2 22.22 1 14.29 3 18.75

Normal vestibular exam – 0 2 28.57 2 12.50

n: number of patients; %: frequency.
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In SCA type 6, vertigo and vestibular abnormalities 
on bedside vestibular examination are common, with 
forms of nystagmus typical of cerebellar disease, instead 
labyrinthine disease20.

The involvement of the cranial nerves and their nu-
clei in SCA type 2 were studied by Gierga et al.21 using 
a pathoanatomical analysis in 6 patients who had a clin-
ical diagnosis previously. 

Regarding the ENG test, the highest prevalence  
of vestibular hypofunction was observed in our study  
in 88.89% of patients with SCA type 3 and in 57.14% of 
patients with SCA type 2. Caloric tests were abnormal 
in 75%, associated to absence of reaction to the rotation 
test in 62.50%, and presence of gaze-evoked nystagmus 
in 31.25%. Central vestibular disorders were detected  
in the vestibular exam in 77.78% of patients with SCA 
type 3 and 57.14% of patients with SCA type 2, and  
peripheral vestibular disorders were found in 22.22%  
of patients with SCA 3 and 14.29% of patients with SCA 
type 2.

Lesions of the cerebellar vermis cause ataxia of the 
superior limbs, titubeation, dysmetria and tremors of the 
ocular movements and it is this part that manifests elec-
trical activity during extension of the ocular and neck 
muscles. Some evidence suggests that lesions of the cer-
ebellar vermis cause vertical dysmetria while more lat-
eral or paravermianas lesions cause horizontal dysmetria. 
Furthermore, the more anterior the lesion, the more in-
tense the dysmetria in superior vision and the more pos-
terior the lesion, the more intense the dysmetria in in-
ferior vision23. The most exhibited alterations in other 
studies11,24,25 were the presence of positional nystagmus, 
irregular calibration of ocular movements, spontaneous 
rebound nystagmus, multiple gaze nystagmus, optoki-
netic abnormality, pendular tracking, vestibular hypo-
function and the absence of the inhibitory effect of oc-
ular fixation. 

In the group of damaged neuronal structures, vestib-
ular hypofunction is known to occur, but little is known 
regarding when and why it happens19,24. Yoshizawa et 
al.26 evaluated two patients with SCA type 3 after genetic 
confirmation of the disease and at the onset of symptoms 
of the disease; that is one year in case 1 and three years 
in case 2. It was observed that in both cases there was 
no response to the caloric test. Takegoshi et al.27 in other 
study demonstrated that spinocerebellar degeneration is 
one of the clinical entities of vestibular system disorders. 

Yoshizawa et al.28 reported a reduction in the size of 
the pontine tegmentum revealed in the MRI scan, in pa-
tients with SCA type 3, thus demonstrating, that it is in 
this region where the vestibular nuclei, prepositus nu-
cleus of perihypoglossal nuclei and neurons of the para-
median group which are related to the vestibular system, 

are all located. The precocious degeneration of these 
structures may lead to atrophy of the brainstem.

Zeigelboim et al.11 reported that loss of ciliated cells 
in the ampullary cupula and the maculae, decline in the 
number of neurons of the vestibular ganglion (of Scarpa), 
degeneration of otoliths, decrease in labyrinthic blood 
flow, progressive depression of neural stability, reduc-
tion in the capacity for compensation of the vestibulo-
ocular and vestibulospinal reflexes, all contribute to the 
decrease in speed of tracking movements and to rotary 
and caloric hyporeactivity of the central and peripheral 
vestibular system, which are characteristics present in 
SCAs types 2 and 3. 

SCA type 2 is characterized by cerebellar atrophy 
with loss of Purkinje and granular cells, olivary neu-
rons, substantia nigra and cells in the anterior horn of 
the spinal cord2,4,5.

Anatomopathologic studies of the vestibular complex 
and its association of fibre bundles in four patients with 
SCA type 3, revealed that the five nuclei of the complex 
(interstitial, lateral, medial, inferior and superior vestib-
ular nuclei) undergo neurodegenerative processes owing 
to the disease, thus demonstrating that all the associated 
fibre bundles (ascending tract of Deiters, juxtarestiform 
body, lateral and medial vestibulospinal tracts, medial 
longitudinal fascicle, vestibular portion of the VIII cra-
nial nerve) undergo disseminated neuronal loss causing 
atrophy and demyelination of its structures29. These le-
sions may explain the alterations in the brainstem, pos-
tural instability with imbalance, oculomotor deficits 
(impaired optokinetic nystagmus, slow saccadic eye 
movements and absent caloric response) and the pres-
ence of a pathological vestibulo-ocular reflex18,29. 

Molecular genetic tests are the most important com-
plementary exam to make the diagnosis of SCAs. On the 
other hand, clinical approach to SCAs, in general, is very 
difficult, because, there is a overlapping of clinical mani-
festations of the different genotypes, so vestibular exams 
could be an important auxiliary tool to investigate pa-
tients with SCAs.
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