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Introduction
The spinocerebellar ataxias (SCA) are a group of  autosomal dominant 

degenerative diseases characterized by cerebellar ataxia. The most 
accepted classification of  the SCAs is to name them according to the 
order of  gene discovery, SCA 1–SCA 48. Although genetic testing is 
increasingly available, it is essential to know the specific features of  the 
SCAs – clinical, laboratorial, and neuroradiological (NR) – to improve 
diagnostic accuracy, especially when genetic testing is not available. 
Neuroimaging cannot predict the genotype of  any specific person with an 
SCA due to the overlap between symptomatology and macroscopic 
pathology; however, it is possible to cluster subgroups of  SCAs, thereby 
limiting the diagnostic possibilities. Magnetic resonance imaging (MRI) 

and computed tomography (CT) are widely available, and can facilitate 
investigation of  symptomatic cases. In the presymptomatic scenario, the 
relevance of  neuroimaging is not yet widely accepted, although quantita-
tive and functional imaging is becoming more and more useful in under-
standing the disease progression and its preclinical stage.1,2

The main findings in NR examinations are cortical cerebellar atrophy 
(known as “pure” cerebellar degeneration), spinal atrophy, or olivoponto-
cerebellar atrophy. These are not characteristic of  any subtype of  SCA, 
but together with other information (specifically ethnicity, and extracere-
bellar motor and nonmotor symptoms and signs, including systemic find-
ings), these studies can guide the genetic diagnosis. It is also of  note that, 
within the same genotype, there may be some individuals showing atrophy 
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Abstract
Background: The spinocerebellar ataxias (SCAs) are a group of  autosomal dominant degenerative diseases characterized by cerebellar ataxia. Classified accord-

ing to gene discovery, specific features of  the SCAs – clinical, laboratorial, and neuroradiological (NR) – can facilitate establishing the diagnosis. The purpose of  this 

study was to review the particular NR abnormalities in the main SCAs.

Methods: We conducted a literature search on this topic.

Results: The main NR characteristics of  brain imaging (magnetic resonance imaging or computerized tomography) in SCAs were: (1) pure cerebellar atrophy; 

(2) cerebellar atrophy with other findings (e.g., pontine, olivopontocerebellar, spinal, cortical, or subcortical atrophy; “hot cross bun sign”, and demyelinating lesions); 

(3) selective cerebellar atrophy; (4) no cerebellar atrophy.

Discussion: The main NR abnormalities in the commonest SCAs, are not pathognomonic of  any specific genotype, but can be helpful in limiting the diagnostic 

options. We are progressing to a better understanding of  the SCAs, not only genetically, but also pathologically; NR is helpful in the challenge of  diagnosing the 

specific genotype of  SCA.
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presymptomatically and others with normal neuroimaging, despite the 
presence of  symptoms3,4,5 (Table 1).

The most prevalent SCAs worldwide are 1, 2, 3, 6, 7, 10, and 
DRPLA. Genetic testing for these subtypes is currently widely available, 
but is often not economically accessible. The SCAs can be grouped into 
two major groups on the basis of  their common genetic mechanisms: 
microsatellite repeat expansions and point mutations (e.g., SPBTN2 for 
SCA 5). The first group can be divided into those caused by polygluta-
mine coding CAG repeat expansion in the gene (e.g., ATXN1 for SCA 1, 
ATXN2 for SCA 2, ATXN3 for SCA 3 [Machado Joseph disease], 
CACNA1A for SCA 6, ATXN7 for SCA 7, ATN1 for DRPLA), and 
expansion of  intronic repeats or molecular changes in other noncoding 
regions (e.g., ATXN10 for SCA 10). Further details are reviewed 
elsewhere.4,5–9

Atrophy of  the cerebellum and pons worsens with disease progres-
sion; using diffusion tensor imaging (DTI) and fixel-based analysis 
(FBA), a novel tractography method, it was possible to detect cross-sec-
tional microstructural alterations in patients, especially with FBA. 
These  methodologies allow the use of  volumetric markers in large 
studies, with more reproducible and reliable measurement procedures 
than simple scales.10

Some specific abnormalities, although uncommon, could help in 
identifying specific genotypes. These include calcifications of  the 
dentate nucleus (SCA 20), signal abnormalities in the basal ganglia 
(SCAs 2 and 17), atrophy in the basal ganglia (SCAs 3 and 17), and 
severe atrophy of  the pons (SCAs 2 and 7). If  present, these features 
can be very helpful, but their absence does not exclude the diagnosis2 
(Table 1).

Several sophisticated assessments using functional and quantitative 
imaging can also contribute to the diagnosis, although these are in more 
limited use (Table 2). Cerebellar nuclei can be visualized by susceptibil-
ity imaging, due to the paramagnetic property of  iron, which is substan-
tially present in these structures. T2-weighted images, 
susceptibility-weighted images (SWI), and quantitative susceptibility 
mapping (QSM, a more precise postprocessing method) are promising 
noninvasive methods of  quantifying iron load in the cerebellar nuclei in 
the degenerative ataxias.3

A systematic review of  quantitative central nervous system MRI find-
ings demonstrated that the cerebellar hemispheres and vermis, whole 
brainstem, midbrain, pons, medulla oblongata, cervical spine, striatum, 
and thalamus were significantly atrophied in SCA 3 (in the majority of  
studies). This article also emphasized the necessity of  cross-sectional 

Table 1.  Main Neuroradiological (NR) Characteristics of  Brain Imaging (Magnetic Resonance Imaging or Computerized Tomography) in 
the Spinocerebellar Ataxias (SCAs)

NR Finding SCAs

Pure cerebellar atrophy 4, 5S, 6S, 10, 11, 13S, 14S, 15/16V, 18Mi, 19/22Mi, 21Mi, 24Mi,, 
25–28, 29S,V, 30–32, 35, 37V, 38, 41Mi,V, 42V, 43Mo,V, 44, 47Mi,V

Cerebellar atrophy with other findings

Pontine atrophy 3, 7, 8S, 13Mo, 34, 40

Olivopontocerebellar atrophy 1, 2S, 36

Spinal cord atrophy 3, 7

Cortical atrophy 2, 3, 12

Pontocerebellar, cortical, and subcortical atrophy 17 (frontotemporal lobes, basal ganglia), 23S (frontotemporal 
lobes)

Atrophy of  the brainstem, superior cerebellar peduncle, and 
abnormal signals in the brainstem, cerebellum, and thalamus

DRPLA

Calcifications of  the dentate nuclei 20Mo

“Hot cross bun sign” 1, 2, 3, 6, 7, 8, 34

Demyelinating lesions on brain MRI 9

Selective cerebellar atrophy 

Cerebellar vermis atrophy and hemosiderin deposits in the 
mesencephalon.

45

Posterior area of  the vermis and paravermis 48

No cerebellar atrophy

Generally normal, when present, mild cerebellar atrophy 46

Source:  Adapted from references 2,3,62.
Abbreviations:  V, Main Involvement of Vermis; S, Severe Cerebellar Atrophy; Mi, Mild Cerebellar Atrophy; Mo, Moderate Cerebellar Atrophy;
DRPLA, Dentatorubral-Pallidoluysian Atrophy; SCA, Spinocerebellar Ataxias; NR, Neuroradiological; MRI, Magnetic Resonance Imaging.

http://www.tremorjournal.org


Meira AT, Arruda WO, Camargo CHF, et al. Neuroimaging in SCAs

Columbia University Libraries
Tremor and Other Hyperkinetic Movements
http://www.tremorjournal.org 3

and prospective volumetric analysis, MR spectroscopy, DTI studies, and 
preclinical (presymptomatic) disease biomarker studies.11

Currently, there are no preventive or curative treatments for the SCAs, 
although emerging therapeutic strategies, mainly in the genetic field, are 
being developed and are under investigation. Thus neuroimaging bio-
markers are very important to identify patients in the presymptomatic 
disease stages, with the aim of  performing successful clinical trials of  dis-
ease-modifying drugs (DMDs). Use of  biomarkers can improve clinical 
trials in two ways: first, the preclinical patient is the target, and thus clini-
cal scales are not applicable; and second, using biomarkers as primary 
outcome measures can enable reduction of  the sample size of  the study. It 
should be noted, however, that reduction of  a biomarker measure does 
not necessarily correlate with a reduction in disease progression.6,12

The purpose of  this study is to review the particular NR abnormalities 
in the main SCAs. The authors do not intend to review clinical, genetic 
and pathological evolution related to each one. The text presented here 
seeks to summarize the main NR observations in the commonest SCAs. 
Table 1 summarizes the findings of  all SCAs already known.

SCA 1
Structural MRI typically shows olivopontocerebellar atrophy (OPCA) 

and white matter (WM) atrophy, less severe than in SCA 2. In VBM stud-
ies, there is atrophy of  frontal and cerebellar hemispheric white matter 
surrounding the dentate nuclei.2,13 In one study using spectroscopy, middle 
cerebellar peduncle (MCP) and medulla oblongata signals were signifi-
cantly decreased compared to asymptomatic correlates.14 The “hot cross 
bun sign” or “cross sign,” a typical but not pathognomonic sign of  

multiple system atrophy (MSA – Figure 1), can also be found in SCA 
1.15,16 Another finding reported is midline hyperintensity in the basis 
pontis.15

Morphometric analyses of  spinal cord (SC) area and eccentricity 
show significant reductions compared to controls; area reduction signifi-
cantly correlates with scale for the assessment and rating of  ataxia 

Table 2.  Main Neuroimaging Modalities Available for Spinocerebellar Ataxias Evaluation

Modality Information Afforded Clinical Utility Current Availability

CT Identification of  gross brain 
abnormalities.

Useful to characterize the main partners of  atrophy, but not 
specifically.

Widely available.

MRI Identification of  
abnormalities with accuracy 
to gray matter, white matter, 
and cerebrospinal fluid.

Useful to characterize the main partners of  atrophy and signal 
changes, specifically; more sensitive to subtle alterations.

Available in developed 
geographic regions. 
Limited availability in 
underdeveloped areas.

Three-dimensional (3D) true volumetric methods and voxel-based 
morphometry allow automated segmentation and comparison 
between groups, in both cross-sectional and longitudinal studies.

Limited to specialized 
research centers.

MRS Identification and 
interpretation of  altered 
metabolites concentration in 
specific areas.

Assess physiological function of  the observable metabolites and 
their concentration changes. Specific areas should be assessed.

Limited to specialized 
centers.

fMRI Analyses of  perfusion-induced 
changes in image contrast, 
during performance of  a task.

Color maps superimposed on morphological images allows 
visualizing both positive correlation (greater activation during 
task) and negative correlation (reduced activation during task).

Limited to specialized 
research centers.

FDG-PET Regional brain glucose 
metabolism

Downstream marker of  neuronal injury and neurodegeneration. 
Important for presymptomatic evaluation.

Limited to specialized 
centers.

Source: Adapted from references 2,3,62.
Abbreviations: CT, Computed Tomography; MRI, Magnetic Resonance Imaging; MRS, Magnetic Resonance Spectroscopy; fMRI, Functional Magnetic Resonance 
Imaging; FDG-PET, Positron Emission Tomography  with 18F-Fluorodeoxyglucose.

Figure 1.  The “Hot Cross Bun Sign” or “Cross Sign”, Typical but Not 
Pathognomonic Sign of  Multiple System Atrophy (MSA), Can be 
Found in the Spinocerebellar Ataxias (SCAs): (A) a case of  MSA and 
(B) SCA 2. Circles – T2 hyperintensity forms a cross on axial images through 
the pons, representing selective degeneration of  pontocerebellar tracts. (A) Axial 
T2 image shows atrophy in the pons, bilateral middle cerebellar peduncle, and 
cerebellum. (B) Axial T2 FLAIR image shows severe atrophy in pons and cere-
bellum. A larger dilatation of  the fourth ventricle is also noted.
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(SARA) scores, CAGn expansion, and disease duration in the multiple 
variable regression analysis.17

One study of  supratentorial/spinal damage, in which the structural 
findings on MRI were correlated with the clinical features of  the dis-
ease, demonstrated association of  deep gray matter (amygdalae and red 
nuclei) atrophy with motor handicap (SARA) and poor cognition (mem-
ory) skills, and correlation of  spinal cord atrophy with motor handicap. 
This study showed another interesting positive correlation; of  red nuclei 
volumes and CAG repeat length. The authors identified that the spinal 
cord, lobule IX of  the cerebellum, and brainstem WM tracts were the 
initial structures involved in SCA 1.18

SCA 2
As in SCA 1, but more severe, MRI in SCA 2 shows typical 

OPCA. In both VBM and subjective studies, there is WM atrophy of  
the pons, mesencephalon, the MCP, cerebellar hemispheric WM 
surrounding dentate nuclei, frontal, temporal, and precuneus 
lobes.2,13,19 The most prominent finding is the pontine atrophy, with 
flattening of  the inferior part. The degree of  OPCA correlates with 
clinical disability, but not with CAGn length.2,19 Again, the “hot cross 
bun sign” (Figure 1), the midline basis pontis, and basal ganglia 
hyperintensity can be found in SCA 2.2,15,20 In early disease stages, 
hypometabolism of  glucose in the pontocerebellar area can be 
detected with positron emission tomography (PET), and later, fron-
totemporal atrophy and general ventricular enlargement can be 
visualized.21

In one study comparing preclinical and symptomatic SCA 2 
mutation carriers, using semi-automated quantitative volumetry of  
the cerebellum and brainstem, atrophy was found in both the cere-
bellum and the pons, but was more pronounced in the latter. CAG 
repeats correlated with atrophy of  the cerebellum, brainstem, pons, 
and age of  onset. Pontine atrophy correlated with saccade velocities 
preclinically, with earlier age of  onset, and cerebellar volume cor-
related with subjects’ ability to suppress responses to stimuli.22 
Cognition is related to cerebellar atrophy in SCA 2: decrease in gray 
matter volume of  posterior lobules correlated with visuospatial, ver-
bal memory, and executive functions, while motor anterior and pos-
terior lobule volume loss were correlated with motor and planning 
tasks.23

SCA 3
Also known as Machado-Joseph disease (MJD), SCA 3 is both the 

most common genotype of  SCA worldwide and the most clinically het-
erogeneous. The clinical characteristics are much more important to the 
diagnostic approach than neuroimaging;  the phenotype can vary from 
pure cerebellar ataxia to apparent hereditary neuropathy. Bulging eyes, 
facial myokymia, and dystonia are informative signs.24–27

VBM studies of  presymptomatic patients demonstrate decreases in 
WM volume, mainly in the cerebellar peduncles and crus cerebri, and 
also volumetric reduction of  the midbrain, spinal cord, and substantia 
nigra. These abnormalities began in the infratentorial structures, and 
evolved supratentorially with disease progression.28,29

Progression of  the disease is accompanied by progressive intra-
cranial atrophy, with the pathological process involving more struc-
tures. In early disease stages, atrophy of  the cerebellar vermis and 
hemispheres, pons, brainstem, and the MCP are noted, although 
are less pronounced than in SCA 2. These alterations, mainly in 
structures close to the fourth ventricle, result in enlargement of  the 
fourth ventricle as a common NR finding in SCA 3 (Figure 2). In 
addition to areas in common with SCA 2, other areas are also 
affected in SCA 3, specifically the caudate nucleus, putamen, and 
superior cerebellar peduncles. As the disease progresses, frontal 
and temporal lobes, and globus pallidus can be affected. As with 
SCA 1 and SCA 2, the “hot cross bun sign” in the pontine axial 
images can be observed (Figure 1).2,20,26,30–33

Gait and limbic ataxia and posture instability, as measured by 
SARA, are inversely correlated to the brainstem and cerebellar 
hemispheric volumes, and spinal cord area.29,34 Dentate nuclei vol-
umes are also reduced compared to controls, as measured by SWI. A 
correlation between CAGn expansion and SARA with the degree of  
atrophy of  cerebellar cortex and nuclei has not yet been clearly 
documented.31,35,36

One VBM study of  neocortical structures in MJD patients demon-
strated decreased gray matter density in frontal, parietal, and tempo-
ral and occipital lobes. CAGn, disease duration, and age were 
significant factors in determining the degree of  atrophy of  these 
areas. Changes in these areas were important determinants of  the 
final International Cooperative Ataxia Rating Scale (ICARS) score.37 
This study did not demonstrate any differences in WM volumes; 
other authors, however, found significant losses of  both gray and 
white matter in the cerebellar hemispheres, brainstem and in lateral 

Figure 2.  Spinocerebellar Ataxia 3 (SCA 3): Initial And Advanced 
Stages of  the Disease. Sagittal T1-weighted images of  the brain in patient 
with SCA 3. Brain stem and cerebellum atrophy are clearly visible from the onset 
of  clinical manifestations. With the evolution of  the disease, there is an increase 
mainly in cortical and cerebellar atrophy.
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thalamus, and the WM network, which strongly and positively cor-
related with SARA scores.38

SCA 6
SCA 6 is a late-onset slowly progressive pure cerebellar ataxia, 

mainly found in the people of  Japanese ancestry. The main NR 
abnormalities are cortical cerebellar vermis and hemisphere atrophy, 
with less pronounced atrophy of  pons, MCP, and red nucleus. No 
abnormalities of  signal, SC and WM are found.32,39 The cerebellar 
volume, including the nuclei, is smaller when compared to SCA 3, 
while the brainstem is less atrophic than in SCA 3.31,40 The major 
previous studies regarding SCA 6 NR and its clinical features failed 
to demonstrate any significant correlation between clinical scores 
and volumetric abnormalities.32,39,40

A study of  cognitive function in patients with SCA 6 demonstrated 
that the integrity of  medial superior hemispheric regions is important in 
motor task performance as measured by several cognitive tests, while 
impairments in executive cognitive function are related to disease 
involvement of  different inferior regions in the cerebellum.41

SCA 7
The hallmark of  SCA 7 is visual loss due to macular degeneration 

(pigmentary retinal dystrophy), which leads to progressive and irre-
versible blindness. This is followed by slowly progressive cerebellar 
ataxia (typically at a younger age than in the other autosomal domi-
nant cerebellar ataxias), in addition to other findings, such as cogni-
tive impairment and ophthalmoplegia.42 The main NR findings in 
VBM studies are pontocerebellar atrophy, with greater involvement 
of  the pons than in the other SCAs; cerebellar atrophy correlates 
with disease progression.43 SARA scores are inversely correlated to 
cerebellar volume, mainly due to atrophy of  WM of  the hemispheres, 
and also some cortical fields (parahippocampal gyrus, post- and pre-
central gyrus, cingulate gyrus, insula, inferior and medial frontal, 
parietal inferior, and parahippocampal and occipital cortices).44 A 
decrement in fractional anisotropy in other areas, including corona 
radiata, optical radiations, and occipital lobe WM, clearly indicates 
that neurodegeneration in SCA 7 extends beyond the cerebellum and 
the pons.45

SCA 10
SCA 10 was first described in Mexico, and in this region a typical 

feature of  this type of  SCA is epilepsy. In southern Brazil, however, this 
characteristic is absent, and the main phenotype is pure cerebellar 
ataxia.46 Additional symptoms such as ocular dyskinesia, pyramidal 
signs, cognitive impairment, and behavioral disturbances can be 
found.47–49 NR subjective imaging reveals predominant atrophy of  the 
cerebellar hemispheres and the vermis (Figure 3).2,49

Dentatorubral-pallidoluysian atrophy
Dentatorubral-pallidoluysian atrophy (DRPLA) is also included in 

the group of  autosomal dominant spinocerebellar ataxias, specifically 
when it presents with a choreoathetoid phenotype. This disease is 

divided into the ataxo-choreoathetoid phenotype (late-onset), the pseu-
do-Huntington phenotype, and the myoclonic epilepsy phenotype 
(infantile-onset). The choreoathetoid form is mainly characterized in 
the brain imaging by T2-weighted MRI showing subjective symmetrical 
high-signal lesions in the cerebral WM, globus pallidus, thalamus, mid-
brain, inferior olive, and pons. Atrophy of  the cerebellum, superior cer-
ebellar peduncle, and brainstem (Figure 4). The characteristics of  the 
infantile and juvenile-onset are different from those cited, but are out-
side the scope of  this article.50–52

Other SCAs
Although rare, some other specific SCAs have characteristics on sub-

jective NR that should be noted. SCA 20 has three important hallmarks: 
dysphonia, palatal myoclonus (which correlates with olivary degenera-
tion), and dentate calcification on CT scan. Cerebellar atrophy is another 
common finding.53 SCA 29 is an infantile-onset nonprogressive cerebellar 
ataxia, which causes hypotonia, gross motor delay, and mild-to-moderate 
cognitive impairment; on MRI, the main findings are nonspecific (cere-
bellar and pontine atrophy); however, one individual showed increased 
extra-axial fluid, possibly associated with cerebral atrophy.54 Patients with 
SCA 45 can have deposition of  hemosiderin in the mesencephalon on 
brain MRI, in addition to atrophy of  the cerebellar vermis.55

Advanced neuroimaging modalities
In a study of  metabolite concentrations in the cerebellar vermis and 

pons of  a cohort of  patients with SCA 1, SCA 2, SCA 3, and SCA 7, 

Figure 3.  Spinocerebellar Ataxia 10 (SCA 10) Image. Sagittal T1-weighted 
image of  the brain in patient with SCA 10 showing cerebellar atrophy.

http://www.tremorjournal.org
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patients were found to have lower concentrations of  N-acetylaspartate 
and glutamate (neuronal loss/dysfunction), and elevated myoinositol 
(glial marker), compared to healthy controls. As in another polygluta-
mine disorder, Huntington’s disease, patients also showed elevated cre-
atine. A strong correlation between SARA and neurometabolite levels 
was found in both cerebellar vermis and pons. The concentration of  
metabolites (N-acetylaspartate, glutamate, myoinositol, and total cre-
atine) were able to distinguish SCA 2 and SCA 3, but not SCA 1 and 
SCA 7, from controls.56

Another study of  spectroscopy correlated N-acetyl aspartate (NAA)/
creatine (Cr) ratio with SARA score in patients with SCA 2, 3, and 6. 
The NAA/Cr ratio decreased with increasing age in patients, but this 
finding was not seen in controls. For SCA 2 and 3, NAA concentration 
in the vermis correlated with SARA, while for SCA 6 the score cor-
related with NAA of  the right cerebellar hemisphere. In this study, the 
NAA concentration in the cerebellum was also correlated with CAGn 
and patient-reported age of  onset. Because the NAA ratio was closely 
correlated with the SARA score, measurements of  NAA could be used 
to predict the progression of  SCA even when the CAG repeat number 
is controlled for. As NAA ratios correlate with the SARA score, NAA 
ratios could also be used as an indicator of  the patient’s current disease 
severity.57

In a study using fluorine-18 fluorodeoxyglucose (18F-FDG) PET 
imaging of  eight cerebellar regions, there was a significant decrease 
in the anterior/posterior ratio of  18F-FDG uptakes in patients with 
SCA (0.45) compared with controls (0.73). Glucose hypometabolism 
is preferentially decreased in the anterior rather than the posterior 
lobes, consistent with clinical observations.58 In another study, using 
dopamine transporter PET, the binding potential of  [11C]

d-threo-methylphenidate, which identifies dopamine terminal loss, 
was reduced in the striatum in SCA 2 and SCA 3, but without spe-
cific loss in the putamen, as is found in Parkinson’s disease. Cerebral 
glucose metabolism was decreased in the cerebellum (SCA 1, 2, 3, 6), 
brainstem (SCA 1, 2, 3), thalamus and putamen (SCA 3), parietal 
cortex (SCA 2), and was increased in the temporal cortex of  all 
patients, mainly SCA 6.59

Functional MRI shows activation of  the ventral dentate nucleus to be 
significantly higher than in controls in SCA 3 patients, with the implica-
tion that there is activation of  pontocerebellar areas to compensate for 
the dysfunction of  the spinocerebellum.31

SCA 36 is a late-onset, slowly progressive cerebellar ataxia syndrome, 
typically associated with sensorineural hearing loss. In one study, in 
which patients were assessed at asymptomatic, nonspecific symptom-
atic, and ataxic symptomatic stages (SARA ranged from 0 to 24.5), 
FDG-PET revealed hypometabolism in the asymptomatic stage in the 
cerebellum (vermis and right hemisphere). MRI was normal in asymp-
tomatic and preataxic individuals. In the symptomatic stage, there was 
hypometabolism of  both cerebellar hemispheres and brainstem.60 
In SCA 38, FDG-PET studies in two patients showed selective hypome-
tabolism of  the cerebellar vermis and, to a lesser extent, of  the cerebel-
lar hemispheres.61

Table 2 summarizes the main neuroimaging modalities that are 
useful for evaluation of  the SCAs, and their current utility and 
availability.

Conclusion
The main NR abnormalities (cerebellar, pontine, olivary, cortical, 

and spinal cord atrophy; demyelinating lesions; calcification of  the 
dentate nuclei; “Hot cross bun sign”; hemosiderin deposits in the 
mesencephalon; signal abnormalities in white matter and basal gan-
glia) in the commonest SCAs are not pathognomonic of  any specific 
genotype, but can be helpful in limiting the diagnostic options. 
Functional neuroimaging can be informative, and is increasingly used 
in clinical practice. The main findings with these studies are hypome-
tabolism of  the cerebellar structures; in addition, there can be loss of  
cerebral dopamine terminal (SCA 2 and 3). With further advances we 
will be able to develop NR biomarkers that will allow us to conduct 
clinical trials with DMD more effectively. We are progressing to a 
better understanding of  the SCAs, not only genetically, but also 
pathologically; NR is helpful in the challenge of  diagnosing the spe-
cific genotype of  SCA.
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