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Ataxia is derived from the Greek word ataxis (ατάξις) meaning “lack of order”. In neurology, 

cerebellar ataxia is characterized by the loss of smooth, goal directed movements.1-4 The typical 

features of cerebellar ataxia were first described by the neurologists Babinski, Friedreich and 

Holmes in 1922,5 including abnormal limb (intentional or action tremor, dysdiadochokinesis 

and dysmetria), trunk (sway and staggering) and eye movements (nystagmus and over- and 

undershoots) plus speech abnormalities (dysarthria).1,5 This thesis focuses on cerebellar ataxia 

starting before the 25th year of life, Early Onset Ataxia (EOA),6-8 which has an estimated prevalence 

of 14.6 per 100.000 individuals.9 

For the pathophysiologic understanding of EOA, we will briefly address cerebellar development 

and anatomy in Box 1 and Box 2.

Figure 1: Timeline of cerebellar development

Legend: A schematic overview of the developmental timeline of the cerebellum from conception to 20 years” postnatal life. 
In bars the timing of different neurodevelopmental processes is indicated. In the top of the figure, three schematic figures are 
inserted to illustrate the migration of different cells from the cerebellar plate to form the cerebellar cortex. M = Mesencephalon; 
RL = Rhombic lip; VZ = Ventricular zone; PCP = Purkinje cell precursor; NTZ = nuclear transitory zone; CN = (deep) cerebellar 
nuclei; PCC = Purkinje cell clusters; EGZ = External Germinal layer; PCL = Purkinje cell layer; GL = Granule cell layer.
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Box 1: Cerebellar development

Cerebellar neurodevelopment involves two important processes: 1. neurogenesis and cellular 

migration and 2. formation of synapses and circuits. In early prenatal life, around the third 

week postconceptional age, cerebellar development starts at the isthmus (the boundary 

between the mid- and hind-brain) with the formation of the cerebellar plate. Due to the 

interaction with homeobox genes, cerebellar structures start to grow in accordance with 

an organized temporal scheme. Over the last few years, cerebellar neurogenesis has been 

redefined regarding the presence of two distinctly different germinative compartments: 

the ventricular zone and the rhombic lip.10-12 The ventricular zone gives rise to progenitor 

cells of all GABAergic (inhibitory) neurons of the cerebellum (Purkinje cells, neurons of the 

deep cerebellar nuclei and all inhibitor interneurons (basket, stellate, and Golgi cells)).10 The 

rhombic lip gives rise to all glumatinergic (excitatory) neurons (i.e. the projection neurons to 

the deep cerebellar nuclei, unipolar brush cells and granulate cells).10 After the formation of 

projection neurons, Purkinje cell progenitor cells will undergo miosis. Cells with exactly the 

same birthday will migrate in waves of newly formed cells to the same cortical locations.13 

Purkinje cell subtype specialization is likely to happen by this time. The cerebellar cortex 

builds around these different clusters of Purkinje cells, resulting in a compartmentalized 

structure (with microzones and stripes).14,15 Microzones consist of Purkinje cell groups, that 

receive specific subsets of climbing fibers from the olivary nuclei, that only activate Purkinje 

cells from one microzone. These Purkinje cells will also project to specific cell clusters in 

the deep cerebellar nuclei. In this way, each body part maps to a specific location of the 

cerebellar cortex within specific microzones, resulting in fast and accurate signal processing. 

From the eighth postconceptional week onwards, cerebellar synapses and network 

connections are already being formed and shaped by activity dependent pruning and 

elimination of abundant synapses. This process continues until puberty, resulting in a well-

organized network with the cerebral cortex, thalamus, basal ganglia and the spinal cord. 

The prolonged neurodevelopmental period imposes cerebellar vulnerability for insults, 

extending from prenatal life throughout childhood.12,14,16-18 For a timeline of cerebellar 

development, see figure 1. 
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Figure 2: Anatomy of the cerebellum

Legend: (A) Caudal view of the cerebellum in which the two cerebellar hemispheres, vermis and flocculus are visible. (B) 
Lateral view of the cerebellum and brainstem. In this figure the relation and connection through the medial cerebellar 
peduncle is clearly visible. Also the division of the anterior lobe and the posterior lobe by the primary fissure is seen. On the 
border of the pons and the medulla oblongata the important pre-cerebellar olivary nuclei is situated.

Figure 3: Functional anatomy of the cerebellum

Legend: Posterior view of the cerebellum. The cerebellum is divided in three cortico-nuclear zones. The medial (red) zone 
with the fastigial nuclei regulates vestibular function, tone, posture, locomotion and equilibrium of the trunk. The intermediate 
zone (blue) with the emboliform nuclei is involved in the coordination of intended movements of the ipsilateral limbs. The 
lateral zone (green) with the dentate nuclei has strong connections with the basal ganglia and cerebral cortex and is mainly 
involved in the planning of intended movements.
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Box 2: Cerebellar (functional) anatomy

The anatomy of the cerebellum is indicated in figure 2A and 2B. The cerebellum consists of 

a vermis with the floccular lobe and two cerebellar hemispheres. The primary fissure divides 

the cerebellum in an anterior and a posterior lobe. Due to the strict organization, cerebellar 

function can be divided into three specific bilateral longitudinal zones, see figure 3.

The medial zone consists of the vermis and the floccular lobe with the fastigial nuclei 

regulating vestibular function, tone, posture, locomotion, control of eye movements and 

equilibrium of the body. The vermis is somatotopically organized with receptive fields for the 

head, neck and eyes in the posterior part of the vermis and the lower limbs in the anterior 

part. The intermediate zone is formed by the paravermal cortex and the emboliform nuclei. 

Lesions of the intermediate zone will result in tremor, ataxia and unstable posturing of the 

ipsilateral limb. The lateral zone consists of hemispheral cortex and the dentate nuclei, which 

project to the thalamus and cerebral cortex, which plays an important role in the planning of 

intended movements.5

In addition to its role in coordinative motor function, the cerebellum also encompasses 

linguistic, cognitive and affective non-motor functions.19 Through cerebro-cerebellar 

pathways, the cerebellum and association areas influence each other.20 Already in 1998, this 

has induced the paradigm that the overshoot and inability of the motor system might be 

equated in the cognitive/affective realm with “dysmetria of thought”, associated with erratic 

attempts to correct thought and behavior.19 Subsequently, the involvement of the cerebellum 

in cognitive functioning has been supported by many studies, involving language, working 

memory, spatial data elaborations, procedural learning and action inhibition.21-23 Current 

evidence indicates that cognitive regions are located in the hemispheric cortex of the posterior 

lobe, whereas the limbic cerebellum is represented in the posterior vermis.24,25 These regions 

are considered to have an important regulatory role in social cognition, mood regulation 

and executive function.5 Acquired lesions to the cognitive and limbic cerebellum and 

associated nuclei may lead to the cerebellar cognitive affective syndrome.23 This syndrome 

is frequently observed in children after cerebellar tumor surgery and potentially resulting 

in neuropsychiatric symptoms, mood disturbances and mutism. Until now, the underlying 

mechanism of this syndrome is still unclear. 
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Due to the complex (functional) anatomy of the cerebellar networks, many functions of the 

cerebellum can be jeopardized by heterogeneous causes during different developmental 

stages. From this perspective, EOA can be regarded as a heterogeneous group of disorders with 

ataxia as the main phenotype. In addition to an indisputable EOA presentation of “core ataxia”, 

ataxic diseases may also involve pronounced comorbidity including other movement disorders, 

spasticity, myopathy, neuropathy, epilepsy, cognitive and behavioral deficits. Due to the 

heterogeneous EOA etiologies and complex disease presentations, clinical tools to recognize, 

categorize, quantify and qualify the disorder are important for clinical diagnostic, surveillance 

and treatment strategies.26-29 

In perspective of the above, the present thesis focuses on clinical tools to evaluate, categorize, 

measure and describe the features of EOA. This thesis will discuss the biomarkers for quantitative 

evaluation of EOA and address potential difficulties in the interpretation of quantitative ataxia 

rating scale scores and in the phenotypic recognition of EOA. Finally, the obtained insight in 

quantitative and qualitative EOA assessment will be integrated in a unifying diagnostic algorithm 

to optimize homogeneous phenotypic characterization, diagnostic assessment, European data 

entry and potential treatment options in children with EOA. 

Phenotypical assessment of Early Onset Ataxia
EOA is a heterogeneous group of diseases regarding onset (acute, subacute and chronic), etiology 

(genetic, metabolic or acquired), disease progression and phenotypic presentation. Phenotypic 

presentation, may vary from “core ataxia” (i.e. ataxia is the indisputable and dominant feature) 

to “combined or comorbid ataxia” (when other symptoms concur as well).30,31 In comparison 

with Adult Onset Ataxia (AOA), EOA is associated with more comorbidity, which may hamper 

unanimous phenotypic assessment.31 Furthermore, young children display immature motor 

behavior that can share features that resemble ataxia. For example, when typically developing 

children start to walk, their gait will be broad-based, unstable with frequent sidesteps. Physiologic 

gait development will involve a gradual reduction of the broad-based appearance and by the 

age of 6 to 7 years, the child is able to perform tandem gait.32 Another example is provided by 

the physiologic, age-related performance of kinetic movement patterns. In typically developing 

young children, grasping and pointing can occur with sway and overshoots, resembling ataxic 

kinetic movement features. These physiologically normal, immature characteristics of motor 

coordination are attributed to the ongoing development and wiring of the cerebellum and 

its networks. Especially processes such as the selective elimination of neural connections and 

the ongoing myelinisation of the preserved connections, will eventually underlie the optimal 

cerebellar network conditions for motor learning, coordination and non-motor tasks.19,33,34

Altogether, in EOA children, description of the phenotype should be interpreted against 

the age-related phenotypic background of typically developing children. This may impose 

difficulties for unanimous assessment. 
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Quantification of ataxia severity by ataxia rating scales
Uniform and reproducible quantification of ataxia severity is important for the evaluation of 

the disease course and the effect of therapeutic interventions. In perspective of a lacking gold 

standard for phenotypic EOA assessment, it is understandable that quantification of EOA severity 

is difficult as well. Over the past years, multiple ataxia rating scales have been developed for the 

assessment of ataxia in adults: the “International Cooperative Ataxia Rating Scale” (ICARS),35 the 

“Scale for Assessment and Rating of Ataxia” (SARA),36 and the “Brief Ataxia Rating Scale” (BARS),37 

see Table I. 

Table I: Characteristics of Ataxia Rating Scales

Ataxia Rating 
Scales Sub-scales Number 

of items
Maximum 

score Advantages Disadvantages

ICARS
(International 
Cooperative Ataxia 
Rating Scale)

- Gait and posture
- Kinetic function
- Speech
-  Oculomotor 

function

19 100

-  Most detailed 
scale

-  Long 
administration time

-  Training is 
recommend for 
administration

SARA
(Scale for 
Assessment and 
Rating of Ataxia)

- Gait and posture
- Kinetic function
- Speech

8 40

-  Relative short 
administration 
time

-  Best inter-
observer 
reliability

-  Less detailed scale
-  No syllable 

repetition task in 
sub-scale speech

BARS
(Brief Ataxia Rating 
Scale)

- Gait and posture
- Kinetic function
- Speech
-  Oculomotor 

function

5 30

-  Short 
administration 
time

-  Easy 
applicable 
in clinical 
practice

- Less detailed scale
- Lowest inter-rater 
reliability

Legends: Characteristics of the three most frequently used ataxia rating scales

Each of these scales evaluate the severity of ataxia in different domains, involving gait, kinetic 

function, speech and oculomotor function. The ICARS is the most detailed scale,35,38 the SARA 

reveals the highest inter-observer reliability36,39,40 and the BARS is the briefest scale.37 Before 

applying these scales in children, it is important to realize that these scales have been mainly 

developed and were found to be reliable diagnostic tools in adults with AOA and not in children 

with EOA.35-40 As both populations differ regarding genotype, phenotype (including comorbid 

factors) and age-related cerebellar maturation,41 we set out to assess the reliability of ataxia 

rating scales in children. 

Diagnostic evaluation
Within perspective of the above, phenotypic and quantitative assessment of EOA can provide a 

reliable basis for clinical EOA recognition, characterization, evaluation and surveillance (with or 
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without therapeutic intervention). To determine the etiology of a child presenting with ataxic 

features, a uniform approach is necessary. First, it is important to rule out acquired causes before 

genetic tests are performed. By using new genetic techniques (gene panels) it is possible to 

screen many genes at the same time. Recently, new diagnostic algorithms for dystonia and 

myoclonus have incorporated these genetic tests,42,43 resulting in a higher diagnostic yield.44 In 

this perspective, such an algorithm is warranted for EOA as well. 

 

Aim and outline of the thesis
The aim of this thesis is to determine the reliability of diagnostic tools and biomarkers in EOA 

patients. In the first part of the thesis, we address the application of ataxia rating scales in 

children. We investigate whether the scales can be reliably applied, and if so, how to interpret 

the scores. In the second part of the thesis, we discuss the phenotypic assessment and the 

subsequent diagnostic evaluation of EOA. In chapter 2, we determine the inter-observer 

reliability and the possibility of an age-related effect on ataxia rating scale scores in 52 typically 

developing children. To allow further use of ataxia rating scales for international application, 

we assess the speech sub-scale in chapter 3. We evaluate inter-observer reliability of the SARA 

speech sub-scale in 52 typically developing children and 40 patients with EOA. If international 

speech data would reflect reliable and reproducible scores, SARA speech sub-scores could be 

considered for international multicenter studies. In chapter 4, we present the results of a large, 

cross-sectional, European SARA study. In a cohort of 156 children, we determine age-related 

reference values and inter-observer agreement. We hypothesize that age inversely relates with 

total SARA scores and reveal higher variability in the youngest children. In young children this 

implicates that total SARA scores might be less reliable. We expect that the variability of the 

SARA sub-scale gait is less and could therefore be used as a surrogate biomarker. In chapter 
5, we therefore investigate the construct validity of the SARA sub-scale gait in a group of 28 

EOA patients. As age could influence ataxia rating scale scores, other comorbid (movement 

disorders) features, could influence ataxia rating scale scores as well. In chapter 6, we investigate 

the inter-observer agreement and the discriminant validity of all three ataxia rating scales in 

40 heterogeneous (regarding movement disorder phenotype) EOA patients. In chapter 7, we 

describe the reliability of phenotypic EOA assessment. The outcomes of a group of movement 

disorder specialists, who phenotypically characterized 40 EOA patients, are compared. Finally, 

in chapter 8, we provide a diagnostic algorithm for EOA patients in strong collaboration with 

the Childhood Ataxia and Cerebellar Group of the European Pediatric Neurology Society (CACG-

EPNS). This algorithm, with emphasis on genetic testing, will guide the clinician through the 

diagnostic process after phenotypic assessment of ataxia. 
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ABSTRACT

Aim: To investigate ataxia rating scales in children for reliability and the effect of age and gender.

Methods: Three independent neuro-pediatric observers cross-sectionally scored a set of 

pediatric ataxia rating scales in a group of 52 healthy children aged 4 to 16 years. The investigated 

scales involved commonly applied ICARS, SARA, BARS and PEG-board tests. We investigated the 

inter-relatedness between individual ataxia scales, the influence of age and gender, inter- and 

intra-observer agreement and test- retest reliability.

Results: Spearman rank correlations revealed strong correlations between ICARS, SARA BARS 

and PEG-board test (all p<.001). ICARS-, SARA-, BARS- and PEG-board test outcomes were age-

dependent until 12.5, 10, 11 and 11.5 years of age, respectively. Intra-class correlation coefficients 

(ICC’s) varied between moderate to almost perfect [inter-observer agreement: .85, .72 and .69; 

intra-observer agreement: .92, .94 and .70; and test-retest reliability: .95, .50 and .71; for ICARS, 

SARA and BARS, respectively]. Inter-observer variability decreased after the sixth year of life.

Interpretation: In healthy children, ataxia rating scales are reliable, but should include age-

dependent interpretation in children up to 12 years of age. To enable longitudinal interpretation 

of quantitative ataxia rating scales in children, European pediatric normal values are necessary.
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INTRODUCTION

Early onset ataxia (EOA) is defined as chronic ataxia (of heterogeneous origin) starting before 

the 25th year of life. Underlying conditions are relatively rare, resulting in an estimated EOA 

prevalence of 1.0 per 100.000 (Friedreich disease excluded).1 Knowledge about the etiology, 

potential treatment and clinical course is still incomplete.2 To clarify the phenotypic spectrum 

and EOA disease course, European adult and the Childhood Ataxia and Cerebellar Group strive 

to assemble one longitudinal European EOA-database. Until now, both children and adults are 

scored with identical ataxia rating scales. However, in children, age-related maturation of the 

nervous system is associated with improved coordination and fine motor skills. This could result 

in false “ataxia” scores in young children. For longitudinal inclusion of ataxic patients in the EOA 

database from child- until adulthood, this means that age validated ataxia rating scale norms 

could be warranted.

Frequently applied ataxia rating scales in children and adults comprise the “International 

Cooperative Ataxia Rating Scale (ICARS)”3, its derivate the “Brief Ataxia Rating Scale (BARS)”4 and 

the “Scale for Assessment and Rating of Ataxia (SARA)”.5 These scales quantify the ataxia severity 

on a scale from zero (optimal) to the maximal score of 100, 30 and 40 (for ICARS, BARS and SARA, 

respectively). The assessed ataxia parameters concern four different domains: 1. Posture and gait, 

2. Kinetic limb function, 3. Oculomotor function and 4. Speech.3-5 ICARS involves a frequently 

applied, relatively detailed scale. BARS concerns a shortened version of ICARS, which may facilitate 

scoring in children with fatigue or a limited concentration span. One of the drawbacks of ICARS 

and BARS is that they involve oculomotor sub-scores, which are influenced by cerebellar, cerebral 

and other oculomotor pathology. This diversity may impair the specificity as “ataxia” indicator.5 

Furthermore, it was indicated that ICARS might be less suitable for the follow-up of cerebellar 

degenerative disorders than for focal cerebellar lesions.6 SARA was originally developed for 

adult patients with ataxia, with the advantages that the test time is relatively short and that it 

excludes oculomotor scores.5 In healthy children, it is still unknown to what extent and in which 

manner ataxia rating scales are influenced by age-related development. In the present study, we 

therefore aimed to investigate ataxia rating scales in children for the inter-relatedness between 

individual ataxia scales, the influence of age and gender, inter- and intra-observer agreement 

and test- retest reliability. 

METHODS

Participants
For this pilot study, we estimated the number of children to include by already published inter-

observer agreement data in adults.5 Assuming an Intraclass Correlation Coefficient (ICC) of .90 

(based on the .97 observed in adults)5, at least 31 subjects would be needed. The associated 95% 
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confidence interval is .801 - .951. After informed consent by the parents and children (≥ 12 years of 

age), we included 52 healthy children between the age of 4 and 16 years, i.e. two boys and two 

girls per year of age. Characteristics are shown in Table I. 

Table 1: Patients characteristics

Girls
 (n=26)

Boys 
(n=26)

Total 
(n=52)

Dutch 
population 

(in %)

Age (in years)

Range 4-16 4-16 4-16

Mean (SD) 10.5 (3.9) 10.4 (3.9) 10.4 (3.9)

Sports activities

< 1 hour   2   (7.7%) 2   (7.7%) 4   (7.7%) 45.0%

1-2 hours 11 (42.3%) 8 (30.8%) 19 (36.5%) 23.2%

2-4 hours   5 (19.2%) 8 (30.8%) 13 (25.0%) 14.7%

4-6 hours 4 (15.4%) 5 (19.2%) 9 (17.3%) 7.8%

> 6 hours   4 (15.4%) 3 (11.5%) 7 (13.5%) 9.3%

School performances

A 14 (53.8%) 8 (30.8%) 22 (42.3%) 22.4%

B 8 (30.8%) 7 (26.9%) 15 (28.8%) 24.2%

C 3 (11.5%) 7 (26.9%) 10 (19.2%) 28.1%

D 1   (3.9%) 0   (0.0%) 1   (1.9%) 13.3%

E 0   (0.0%) 4 (15.4%) 4   (7.7%) 12.0%

Highest education achievement mother

Higher education   22 (84.6%) 19 (73.1%) 41 (78.9%) 25.9%

Vacational education    4 (15.3%) 6 (23.1%) 10 (19.2%) 56.9%

Secondary school    0   (0.0%) 0   (0.0%) 0    (0.0% 16.9%

Missing value    0   (0.0%) 1   (3.8%) 1   (1.9%) 0.3%

Highest education achievement father

Higher education 20 (76.9%) 17 (65.5%) 37 (71.2%) 29.6%

Vacational education 6 (23.1%) 7 (26.9%) 13 (25.0%) 54.8%

Secondary school 0   (0.0%) 0   (0.0%) 0   (0.0%) 14.7%

Missing value 0   (0.0%) 2   (7.6%) 2   (3.8%) 0.9%

Legend: Participation in sports is indicated in hours per week; school performances are indicated as mean achievements 
(reported by parents). A = excellent (> +2.5SD), B = above average, C = average, D = below average, E = failed (> -2.5 SD).  SD 
= standard deviation. There were three missing data points. One on educational level of the mother and two of the father. 
Dutch population numbers were determined from Central Statistical Office of the Netherlands and the Trimbos institute.8,9
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The exclusion criteria involved: neurological or skeletal disorders interfering with coordination, 

a positive Gowers manoeuvre, mental retardation prohibiting regular mainstream education 

and medication with known side-effects on motor-behaviour. We deliberately did not exclude 

for pediatric behavioural diagnoses such as Attention Deficit Disorder (ADD) and/or Attention 

Deficit Hyperactive Disorder (ADHD). Children were recruited by open advertisement (at a local 

primary school and at the Beatrix Children’s Hospital, Groningen, the Netherlands; n=37 and 

n=15, respectively). The latter group involved children from colleagues (n=9) and children (to 

whom the exclusion criteria were not applicable) visiting the hospital for diagnostic reasons for 

a short period of time (n=6).

Methods
The medical ethical committee of the University Medical Center Groningen, the Netherlands 

approved the study. Collected growth data involved length, weight and head circumference. 

Parents of the included children completed a small questionnaire concerning sports activities, 

education of the parents, school achievement of the child and prescribed medication. 

To avoid repetition of overlapping items we video-recorded an assembled set of ataxia rating 

scales, involving ICARS, SARA, BARS and a 9-hole PEG-board test. The presence of parents and/

or siblings was allowed during the recording. To minimize anxiety, young children were allowed 

to perform the test together with their peers. To ensure that the combined test outcomes are 

interpretable as a representative test for separate ICARS, SARA and BARS outcomes, we assessed 

the combined test outcomes and compared outcomes with separately recorded ICARS, SARA 

and BARS outcomes in a separate group of 13 healthy children (aged 4-16 years, one boy or girl 

per year of age).

Three independent observers scored all individually numbered video-fragments off-line, 

according to ICARS, SARA and BARS guidelines. Prior to assessment, observers were not informed 

about the children’s characteristics (involving age, school achievement, sports activities and 

parental degree of education).

We determined the association between ICARS, SARA and BARS and the children’s 

characteristics. Furthermore, we determined ICARS, SARA and BARS outcomes for: 1. The 

association between individual tests and the PEG-board test; 2. Age- and gender relationship; 

3. Inter-observer reliability; 4. Intra-observer reliability and test-retest reliability (separately 

determined in a subgroup of 12 children). In 12 children we separately determined test-retest 

reliability by repeating ICARS, SARA and BARS [after a median time interval of 5 (range 3-7) weeks]. 

In the same 12 children we determined intra-observer agreement by repeating the assessor’s 

scores of the 12 children’s first video recorded combined ataxia scale test [after a median time 

interval of 5 (range 3-7) weeks]. Observers were not allowed to review the results of their first 

recording.
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Statistical analysis
Statistical analysis was performed using PASW Statistics 18 for Windows. In the 52 included 

children, we determined ICARS, SARA and BARS mean total scores from the first assessments by 

three observers. We assessed normality using Kolmogorov-Smirnov test for ICARS, SARA, BARS 

total scores and the 9-hole PEG-board test. We determined whether the combined ataxia tests 

were interpretable as a representative test for ICARS, SARA and BARS outcomes by Wilcoxon 

matched pair signed rank test. With multivariable regression analysis we determined the 

influences of age, gender, sports activities, school achievements and educational achievements 

of the parents on ICARS, SARA, BARS total scores, sub-scale scores, and the 9-hole PEG-board 

test. We determined the correlation between the three ataxia scales as well as the correlation 

between the 9-hole PEG-board test and the ataxia scales by the Spearman rank correlation test. 

In the 52 children we assessed inter-observer agreement by Intraclass Correlation Coefficient 

(ICC). Thereafter, we also determined intra-observer and test-retest reliability in 12 children by 

ICC. According to Landis et al. criteria that could be used in the interpretation of ICC involve: 

<.20 slight; .21-.40 fair; .41-.60 moderate; .61-.80 substantial; >.81 almost perfect.7 We subjectively 

pre-defined a cut-off value for ICC of .80 as sufficient. We determined variance per observer from 

the mean total score (i.e. individual total score per observer minus mean total score) and plotted 

this against age.

All statistical tests were two-sided. P-values of <.05 were regarded as statistically significant.

RESULTS

Characteristics of included children
Included children originated mostly from parents with academic or comparable educational 

degrees. Included children revealed above average school achievements (A’s and B’s) and 

participated more frequently in sports (i.e. more than 2 times per week) than scheduled for 

an average primary school curriculum, see Table I. Comparing the presently included children 

with the Dutch population8,9, revealed relatively more sports participation, higher school 

achievements and higher parental education in the first group, see Table I. Specifications of 

ICARS, SARA and BARS scores according to gender are shown in Table II. 
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Table II: Quantitative ataxia rating scale characteristics according to sex

Girls Boys

ICARS (0-100)

Range 0 – 19 3 – 17 

Mean 3.69 5.08

Median 2.00 3.00

Lower quartile 0.50 1.50

Upper quartile 5.00 7.00

SARA (0-40)

Range 0 – 5 0 – 8 

Mean 0.81 1.20

Median 0.00 0.50

Lower quartile 0.00 0.00

Upper quartile 1.00 1.00

BARS (0-30)

Range 0 – 5 0 – 5 

Mean 0.75 1.00

Median 0.00 0.50

Lower quartile 0.00 0.00

Upper quartile 1.00 1.00

Legend: ICARS, SARA and BARS characteristics from our study population subdivided by gender

Total scores of ICARS, SARA and BARS
ICARS, SARA and BARS total scores were not normally distributed (Kolmogorov-Smirnov test; 

p <.001 for all three scales). Comparison of ICARS, SARA and BARS outcomes obtained in a 

combined setting versus ICARS, SARA and BARS outcomes obtained in a separate setting 

revealed no differences (n=.13; Wilcoxon signed rank test; NS). 

Multivariable regression analysis reveals that ataxia rating scale scores are significantly predicted 

by age in ICARS (β=-.778, p<.001), SARA (β=-.695, p<.001) and BARS (β=-.704, p<.001). Age explained 

a significant proportion in variance of the ataxia rating scale scores in ICARS (R2=.605, p<.001), SARA 

(R2=.483, p<.001) and BARS (R2=.495, p<.001). Other variables, such as gender, sports activities, school 

achievements and parental education did not render significant F-changes and were thus omitted 

from our regression model for further analysis.  See for F-change values Table III.
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Table III: Multivariable regression analysis for the prediction of ataxia rating scale total scores

ICARS total score SARA total score BARS total score

F 
change B° β F 

change B° β F 
change B° β

Age 76.70*** -.995 (.11) -.778*** 46.71*** -.314 (.05) -.695*** 49.07*** -.276(.04) -.704***

Gender 2.07 1.08 1.50

Sport activities 1.17 0.33 1.02

School 
achievements 0.99 0.83 1.83

Educational 
level mother 0.43 0.47 1.64

Educational 
level father 2.18 3.05 2.26

Legend: Regression analysis results for the effects of age, gender sport activities, school achievement, educational level 
of mother and father on ataxia rating scale total score; when the potential confounders significantly influence the model 
(F change) we calculated B° (unstandardized coefficients with standard error in parenthesis) and β (standardized regression 
coefficient); * p<.05; ** p<.01; *** p<.001

Since age appeared the only significantly predicting variable for ataxia rating scale scores, we 

performed a polynomimal analysis with one phase decay trend to assemble figure 1. In figure 

1a-c, we estimated the age at which adult optimum values are reached by the age at which the 

curve reaches its plateau. The age at which included children approached their “adult” optimum 

score was estimated at 12.5, 10 and 11 years of age (for ICARS, SARA and BARS respectively). 

Quantitative ataxia rating sub-scale scores
Since BARS is derived from ICARS, we performed multivariable regression analysis on ICARS 

and SARA sub-scales involving gait, kinetic function and speech (oculomotor function is not 

included in SARA and was therefore left out). Regression analysis revealed that age significantly 

predicts ICARS and SARA gait sub-scale scores (β=-.665, p<.001 and β=-.492, p<.001; respectively). 

Adult optimum gait sub-scale scores were reached at 10.2 and 8.2 years for ICARS and SARA, 

respectively (figure 2). 

Regression analysis revealed that age significantly predicts ICARS and SARA kinetic sub-scale 

scores (β = -.778, p<.001 and β = -.749, p<.001; respectively). Adult optimum kinetic sub-scale 

scores were reached at 14.2 and 13.0 for ICARS and SARA respectively (figure 2).  Regression 

analysis revealed that age and gender significantly predict ICARS speech sub-scale scores (β = 

-.596, p<.001 and β = .232, p =.04; age and gender respectively). Regression analysis revealed that 

age significantly predicts SARA speech sub-scale scores (β = -.514, p<.001). Adult optimum speech 

sub-scale scores were reached at 9.0 and 8.2 years for ICARS and SARA respectively (figure 2). 

The other variables, such as sport activities, school achievements and parental education did 

not render significant F-changes and were thus omitted from our regression model for further 

analysis.  See for F-change values Table IV-VI. For SARA we determined adult optimum per 

individual sub-scale items, see Table VII.
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Legend: Polynominal analysis with one phase decay trend line was used to form plots of total scores related to age. The 
vertical axis indicates the total scores of ICARS (a), SARA (b) and BARS (c) and the timed performance of the 9-hole PEG-board 
test (d). The horizontal axis indicates the age of the child in years. For each individual child, mean data points are given. The 
blue line represents outcomes in boys and the red line represents outcomes in girls. The scales show age-dependency until 
12.5, 10 and 11 years of age (for ICARS, SARA and BARS, resp.). The 9-hole PEG-board test shows age-dependency until 11.5 
years of age. Ataxia rating scales ranges from zero refl ecting no “ataxia”, to 100; 40 and 30 representing maximum “ataxia” in 
ICARS, SARA and BARS respectively.

Figure 1: Ataxia rating scales (ICARS, SARA and BARS) and the 9-hole PEG-board test related to age

Figure 2: Sub-scales of ICARS ans SARA related to age

Legend: Polynominal analysis with one phase decay trend line was used to form plots of sub-scores related to age. The sub-
scores are indicated for ICARS (a) and SARA (b). The vertical axis indicates the achieved score, expressed as percentage of the 
theoretical maximum score (% of max.) per sub-score. The horizontal axis indicates the age of the child in years. Figures reveal 
that speech tends to develop earlier than gait and gait earlier than kinetic function. 
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Table IV: Multivariable regression analysis for the prediction of ataxia rating scale gait sub-scores

ICARS Gait sub-score SARA Gait sub-score

F change B° β F change B° β

Age 39.68*** -.223 (.04) -.665*** 15.95*** -.094(.02) -.492***

Gender 1.14 0.01

Sport activities 0.85 0.28

School achievements 0.30 1.03

Educational level mother 0.14 0.14

Educational level father 1.22 1.17

Legend: Regression analysis results for the effects of age, gender sport activities, school achievement, educational level of 
mother and father on ataxia rating scale gait sub-score; when the potential confounders significantly influence the model  
(F change) we calculated B° (unstandardized coefficients with standard error in parenthesis) and β (standardized regression 
coefficient); * p<.05; ** p<.01; **p<.00

Table V: Multivariable regression analysis for the prediction of ataxia rating scale kinetic sub-scores

ICARS Kinetic sub-score SARA Kinetic sub-score
F change B° β F change B° β

Age 76.76*** -.678(.08) -.778*** 63.89*** -.201(.03) -.749***

Gender 1.41 3.26

Sport activities 1.00 0.39

School achievements 1.49 0.61

Educational level mother 0.44 0.73

Educational level father 2.65 4.81

Legend: Regression analysis results for the effects of age, gender sport activities, school achievement, educational level of 
mother and father on ataxia rating scale kinetic sub-score; when the potential confounders significantly influence the model 
(F change) we calculated B° (unstandardized coefficients with standard error in parenthesis) and β (standardized regression 
coefficient); * p<.05; ** p<.01; *** p<.001

Table VI: Multivariable regression analysis for the prediction of ataxia rating scale speech sub-scores

ICARS Speech sub-score SARA Speech sub-score

F change B° β F change B° β

Age 27.53*** -.678(.08) -.778*** 17.96*** -.019(.01) -.514***

Gender 4.46*  .115(.06)  .232* 0.32

Sport activities 0.94 0.38

School achievements 0.25 0.91

Educational level mother 0.60 0.37

Educational level father 2.18 0.79

Legend: Regression analysis results for the effects of age, gender sport activities, school achievement, educational level of 
mother and father on ataxia rating scale speech sub-score; when the potential confounders significantly influence the model 
(F change) we calculated B° (unstandardized coefficients with standard error in parenthesis) and β (standardized regression 
coefficient); * p<.05; ** p<.01; *** p<.001
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Table VII: SARA sub-scales and items according to adult optimum

SARA items Adult optimum (in years)

Speech sub-score 8.2

Posture and Gait sub-score 8.2

Sitting item 5.3

Stance item 6.5

Gait item 7.3

Kinetic function sub-score 13.0

Nose-finger item 4.4

Finger chase item 5.4

Knee shin item 14.0

Fast alternating movements item 14.3

Legend: SARA sub-scale items with adult optimum in years

Correlation between ataxia rating scales
All three ataxia scales were significantly correlated with each other. Spearman rank correlation 

between ICARS and SARA; between ICARS and BARS and between SARA and BARS revealed a r
s 

of .82, .77 and .68, respectively (all p<.001).

Observer agreement and test-retest reliability
The ICC for the inter-observer agreement of ICARS, SARA and BARS “total” scores was .856, .809 

and .695, respectively (p<.007); see Table VIII. Comparing outcomes in children younger and older 

than 6 years of age, revealed a reduction in scored ICARS and SARA variance per observer (from 

the mean total score) in children older than 6 years of age (figure 3 and figure 4).

ICC’s in children older than 6 years of age were interpreted as substantial to perfect (.702 and 

.849; SARA and ICARS, respectively), whereas ICC’s in children younger than 6 years of age were 

interpreted as fair to moderate (.457 and .703; for SARA and ICARS, respectively). For BARS, ICC’s 

were interpreted as moderate in children older than 6 years of age and fair in children younger 

than 6 years of age (.288 and .491, respectively).

Intra-observer agreement showed median ICC’s of .918, .940 and .696, for ICARS, SARA and 

BARS, respectively. The ICC’s for test-retest reliability in ICARS, SARA and BARS were .945, .499 and 

.710, respectively. (p<.041); see Table VIII.
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Table VIII: The Intraclass Correlation Coeffi  cient (ICC) for Ataxia Rating Scales 

Inter-
observer 

agreement
Intra-observer agreement Test-retest 

reliability

ICARS total .856 .918 .729 .921 .945

Gait .796 .773 .493 .935 .786

Kinetic .815 .937 .786 .835 .909

Speech .380 = = = =

Oculomotor .456 .772 .293 .766 =

SARA total .809 .940 .845 .957 .499

Gait .776 .899 = = .600

Kinetic .794 .896 = .557 .521

Speech .185 = .734 = =

BARS total .695 .615 .774 .696 .710

Gait .686 = = = =

Kinetic .553 .453 .727 .491 .520

Speech .535 = = = =

Oculomotor .230 = .474@ = =

Legend: * = signifi cant with p<.007; §= significant with p<.014; $= signifi cant with p<.003; = agreement is 1.0 (total agreement); 
@ p=.051
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Legend: The vertical axis indicates the variance per observer from the mean total score (i.e. individual mean total score of 
observers minus mean total score). The horizontal axis indicates the age of the child in years. The variance is indicated for the 
three ataxia rating scales (ICARS (a), SARA (b) and BARS (c)). The upper and lower horizontal lines indicates the 95% prediction 
interval determined by linear regression analysis. Comparison between age groups reveals a higher variation in scores in 
children younger than 6 years of age than in children older than 6 years of age.

Figure 3: Variance from total score per observer according to age
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9-hole PEG-board test
Kolomgorov-Smirnov test revealed that the 9-hole PEG board test-score is not normally 

distributed (p <.001). Multivariable regression analysis revealed that age predicts the 9-hole PEG 

board test signifi cantly (β=-.701, p<.001). Age explained a signifi cant proportion of the 9-hole PEG 

board test (R2=.491, p<.001). Other variables such as gender, sports activities, school achievements 

and parental education did not render signifi cant F-changes and were thus omitted from our 

regression model for further analysis. See for F-change values Table IX. Since age appeared the 

only signifi cantly predicting variable for the 9-hole PEG board test, we performed a polynomimal 

analysis with one phase decay trend to assemble fi gure 1d. Adult optimum was reached at 11.5 

years of age. 

Spearman rank correlation between 9-hole PEG board test and ICARS, SARA, BARS revealed 

r
s
 of .65, .69 and .62 respectively (p<.001).

Table IX: Multivariable regression analysis for the prediction of the timed 9-hole PEG board test

9-hole PEG board performances

F change B° β

Age 48.32*** -.847 (.12) -.701***

Gender 0.14   

Sport activities 0.85

School achievements 1.67

Educational level mother 0.98

Educational level father 2.29

Legend: Regression analysis results for the eff ects of age, gender sport activities, school achievement, educational level of 
mother and father on 9-hole PEG board perfomances; when the potential confounders signifi cantly infl uence the model (F 
change) we calculated B° (unstandardized coeffi  cients with standard error in parenthesis) and β (standardized regression 
coeffi  cient); * p<.05; ** p<.01; *** p<.001
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Figure 4: Linear regression analysis for subgroups according to age

Legend: In children younger, respectively older than 6 years of age, the linear regression analysis is shown for ICARS (a), SARA 
(b) and BARS (c).
The vertical axis indicates the total score for ICARS (a), SARA (b) and BARS (c). The horizontal axis indicates age in years. Linear 
regression equations for ataxia rating scales in children < 6 years of age versus those in children ≥ 6 years of age are:
ICARS total score = 40 – 5.98*age versus ICARS total score = 9.17 – 0.58*age. R2 = .583 versus R2 =.439, resp;
SARA total score = 17.6 – 2.98*age versus SARA total score = 1.91 – 0.13*age. R2 = .457 versus R2 = .527 resp;
BARS total score = 12.6 – 1.96*age versus BARS total score = 1.69 – 0.11*age. R2 = .445 versus R2 = .296, resp;
For ICARS, SARA and BARS the slopes of the regression lines diff er signifi cantly between children younger versus older than 
6 years of age (*p<.001)
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DISCUSSION

This is the first comparative study of ataxia rating scales in children. Our results reveal that 

the investigated scales and the PEG board test are age-dependent until 12 years of age. Our 

data revealed that, inter-observer and intra-observer reliability for ICARS and SARA appears to 

coincide with our assumed ICC (0.90; 95% CI: 0.801-0.951), which was based on ICC values found 

in adults. This implicates, that the presently observed inter-observer agreement was the same 

as that published in adults 4-6, 10, Comparison between the three tests revealed slightly better 

outcomes for ICARS and SARA than for BARS.

As previously suggested for ICARS, present results in healthy children confirm an age-

relationship for ataxia rating scales.11 At a certain age, ICARS and SARA total scores reach a 

plateau phase (see figure 1), which shows similar results as for ICARS and SARA total scores in 

healthy adults (ICARS mean score; 1.56 (SD 4.29) and SARA mean score; 0.4 (SD 1.1)).5, 12 From 

this point on age-dependency disappears. Concurrent neuro-developmental processes which 

could induce this confounding age-relationship involve: 1. Cerebellar growth and development 

2. Selective elimination of abundant neuronal connections; and 3. Myelination of the central and 

peripheral nervous system.13 Especially the cerebellum is important for the execution of refined, 

coordinated movements and postural control. It receives a vast amount of input signals from the 

sensory, motor and visual cortex, the vestibular system and the spinal cord. Cerebellar processing 

occurs by interconnecting loops involving the cortex, thalamus, basal ganglia, limbic system 

and cerebellum. The efferent fibers connect with the red nucleus, thalamus, vestibular complex 

and reticular formation, providing adapted information for balance control and decision-making 

regarding speed, force and direction of intended movements.14 Since ataxia rating scales involve 

the scoring of timed and coordinated performances, it is inherent that cerebellar performance 

is assessed during the execution of the involved tasks. In children, cerebellar growth and 

development reveals a delayed peak compared to the rest of the brain.15 For instance, growth 

of the vermis (determining axial stability) is completed at the 8th year of life, whereas growth 

of the anterior and superior posterior- cerebellar regions (determining kinetic and executive 

functions, respectively.) stabilizes at 14 to 17 years of age.15 Whether this differential cerebellar 

growth underlies the presently observed developmental order of sub-scores, remains largely 

speculative.16 However, when comparing age-dependency between individual sub-score items, 

we observed that the highest scores (i.e. the smallest outcomes) concurred with the sub-score 

items that develop latest, see Table VII. The selective elimination of neuronal synapses may 

additionally induce age-dependent improvement of motor performances. In literature, selective 

elimination of synapses is described in association with declined cerebral glucose consumption,17 

which may continue until the end of adolescence (at the prefrontal and temporal lobe).18 Finally, 

ongoing myelination allows faster propagation of stimuli within the central and peripheral 

nervous system. Myelination is not completed until adulthood.19,20 Altogether, in young children 

under 12 years of age, several physiologic neuro-developmental processes can explain why 
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ataxia rating scales are confounded by age.11,21 Although such age-related influences do not 

necessarily overlap with advanced ataxic scores in EOA patients, one may need to consider 

such influences before attributing intra-individual longitudinal quantitative “improvements” to 

potential treatment effects. 

Comparing ICARS and SARA, reveals that SARA develops earlier than ICARS (approaching adult 

optimum scores at 12.5 and 10 years of age, in ICARS and SARA respectively). We speculate 

that this could be attributed to the more detailed scoring parameters involved in ICARS when 

compared to SARA. SARA outcomes are rated as averages from several attempts and subsequently 

calculated as the average of the left and right side, leaving out small imperfections. Regarding 

sub-scales, SARA speech scores involve spontaneous speech production, allowing the child 

to avoid complex words, which are learned later in life. This is contrasted by ICARS speech 

guidelines involving difficult sub-scores combinations of consonants, which can be optimally 

pronounced at later ages.22 Since speech are thus dependent upon the intrinsic difficulty of the 

native language, one should evaluate the different European language profiles before inclusion 

of speech in the EOA database. In future studies, we will therefore obtain additional information 

by including assessment of non-wordly speech (such as “pata-pata-pata”, etc) in SARA speech 

sub-scores. Altogether, it is comprehensive that SARA outcomes are averaged and less detailed, 

rendering a relatively more stable and age-independent ataxia score (at least in children older 

than 10 years of age). This is contrasted by the more detailed ICARS outcomes, which appear age 

related until 12.5 years of age. In this perspective, it is tempting to speculate that SARA could be 

more suitable for long term quantitative ataxia assessment from child to adulthood (such as for 

the EOA database), whereas ICARS could be more suitable for detailed, short-term therapeutic 

comparisons between age matched groups.

Interestingly, our regression analysis did not reveal a significant association between gender 

and ataxia rating scale outcomes. From the general assumption that girls and boys differ in the 

performance of complex sequential motor tasks, one could have expected slight differences 

between boys and girls.23 However our study population was relatively small and we did observe 

a trend that girls developed total- and sub-scores earlier than boys. Before further conclusions 

can be drawn, we would advise to await results from the European SARA validation trail. 

The limitations of the present pilot study include the lack of a population based study group. 

The parents and children volunteering for the present pilot study revealed higher educational 

levels and school achievements than average and, furthermore, the included children revealed 

a relatively high frequency in sports participation. Although we do not provide sufficient data 

on a potential bias by cognition and physical activity on ataxia rating scale outcomes, we would 

hypothesize that larger, stratified study samples could elucidate this. Beside the lack of a stratified 

study group, our study population was small and therefore should be used with caution. The 

forthcoming European SARA validation trial aims to obtain healthy norm values according to age 

in a larger stratified European population. Another limitation is that all observers originated from 
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the same pediatric neurology department (UMCG, the Netherlands), which could theoretically 

induce higher ICC outcomes. However, preliminary international SARA validation data (by a panel 

of European pediatric neurologists) also tends to reveal an ICC within the reliable (i.e. moderate 

to substantial) range. Finally, for future application of ataxia rating scales in EOA children, it is 

important to realize that present data concern healthy children. When one would apply the 

rating scales for what they are actually designed for (i.e. the quantification of “ataxia” instead 

of “maturation”), ICC outcomes would expected to be higher. Furthermore, it is important to 

realize that pediatric ataxic disorders often concern a “mixed” phenotype. Before interpreting 

longitudinal quantitative SARA data in EOA children, one may need to consider these potentially 

confounding influences as well. 

In summary, present pilot data reveal that ataxia rating scales are age-dependent and reliably 

applicable in healthy children. For reliable interpretation of longitudinal EOA data from child- to 

adulthood, we would recommend to await the forthcoming SARA age validation trial by the 

Childhood Ataxia and Cerebellar Group first.

chapter 2

2



39

ataxia scales in healthy children

2

REFERENCES 

1.  Chio A, Orsi L, Mortara P, Schiffer D. Early onset cerebellar ataxia with retained tendon reflexes: prevalence and gene 
frequency in an Italian population. Clin Genet 1993;43: 207-211. 

2.  Harding AE. Classification of the hereditary ataxias and paraplegias. Lancet 1983;1: 1151-1155. 
3.  Trouillas P, Takayanagi T, Hallett M, Currier RD, Subramony SH, Wessel K, et al. International Cooperative Ataxia Rating 

Scale for pharmacological assessment of the cerebellar syndrome. The Ataxia Neuropharmacology Committee of the 
World Federation of Neurology. J Neurol Sci 1997;145: 205-211. 

4.  Schmahmann JD, Gardner R, MacMore J, Vangel MG. Development of a brief ataxia rating scale (BARS) based on a 
modified form of the ICARS. Mov Disord 2009;24: 1820-1828. 

5.  Schmitz-Hubsch T, du Montcel ST, Baliko L, Berciano J, Boesch S, Depondt C, et al. Scale for the assessment and rating 
of ataxia: development of a new clinical scale. Neurology 2006;66: 1717-1720. 

6.  Schoch B, Regel JP, Frings M, Gerwig M, Maschke M, Neuhauser M, et al. Reliability and validity of ICARS in focal 
cerebellar lesions. Mov Disord 2007;22: 2162-2169. 

7.  Landis JR, Koch GG. The measurement of observer agreement for categorical data. Biometrics 1977;33: 159-174. 
8.  Central statistical office the Netherlands (CBS). Nederlanders (25 - 64 jaar) naar opleidingsrichting, opleidingsniveau, 

leeftijd en geslacht. http://www.cbs.nl/nl-NL/menu/themas/onderwijs/cijfers/incidenteel/maatwerk/2007-
maatwerktabel-onderwijs2343.htm  Accessed 09/10, 2013. 

9.  Trimbos Institute. (2009) Sporten en psychische gezondheid; resultaten van “the Netherlands Mental Healthy Survey 
and Incidence Study”. http://www.trimbos.nl/webwinkel/productoverzicht-webwinkel/psychische-gezondheid/af/~/
media/files/inkijkexemplaren/af0927%20sporten%20en%20psych%20%20gezondheid%20compleet.ashx. Accessed 
09/13, 2013. 

10.  Schmitz-Hubsch T, Tezenas du Montcel S, Baliko L, Boesch S, Bonato S, Fancellu R, et al. Reliability and validity of the 
International Cooperative Ataxia Rating Scale: a study in 156 spinocerebellar ataxia patients. Mov Disord 2006;21: 699-
704. 

11.  Sival DA, Brunt ER. The International Cooperative Ataxia Rating Scale shows strong age-dependency in children. Dev 
Med Child Neurol 2009;51: 571-572. 

12.  Tison F, Yekhlef F, Balestre E, Chrysostome V, Quinn N, Wenning GK, et al. Application of the International Cooperative 
Ataxia Scale rating in multiple system atrophy. Mov Disord 2002;17: 1248-1254. 

13.  Purves D, Lichtman J. (1985) chapter 12: Rearrangement of developing neuronal connections. In: Anonymous Principles 
of Neural Development. 1st edn. : Sinauer Associates. p 271-300. 

14.  Kandel E, Schwartz J, Jessel T. (2000) chapter 42: Cerebellum. In: Anonymous Principles of neural sciences. 4th edn. : Mc 
Graw Hill. p 832-850. 

15.  Tiemeier H, Lenroot RK, Greenstein DK, Tran L, Pierson R, Giedd JN. Cerebellum development during childhood and 
adolescence: a longitudinal morphometric MRI study. Neuroimage 2010;49: 63-70. 

16.  Touwen B. (1976) Neurological Development in Infancy. London: Spastics International medical Publications. 
17.  Chugani HT. A critical period of brain development: studies of cerebral glucose utilization with PET. Prev Med 1998;27: 

184-188. 
18.  Gogtay N, Giedd JN, Lusk L, Hayashi KM, Greenstein D, Vaituzis AC, et al. Dynamic mapping of human cortical 

development during childhood through early adulthood. Proc Natl Acad Sci U S A 2004;101: 8174-8179. 
19.  Caviness VS,Jr, Kennedy DN, Richelme C, Rademacher J, Filipek PA. The human brain age 7-11 years: a volumetric analysis 

based on magnetic resonance images. Cereb Cortex 1996;6: 726-736. 
20.  Durston S, Hulshoff Pol HE, Casey BJ, Giedd JN, Buitelaar JK, van Engeland H. Anatomical MRI of the developing human 

brain: what have we learned? J Am Acad Child Adolesc Psychiatry 2001;40: 1012-1020. 
21.  Sival DA, Pouwels ME, VAN Brederode A, Maurits NM, Verschuuren-Bemelmans CC, Brunt ER, et al. In children with 

Friedreich ataxia, muscle and ataxia parameters are associated. Dev Med Child Neurol 2011;53: 529-534. 
22.  Priester GH, Post WJ, Goorhuis-Brouwer SM. Phonetic and phonemic acquisition: normative data in English and Dutch 

speech sound development. Int J Pediatr Otorhinolaryngol 2011;75: 592-596. 
23.  Largo RH, Fischer JE, Rousson V. Neuromotor development from kindergarten age to adolescence: developmental 

course and variability. Swiss Med Wkly 2003;133: 193-199. 



40



Assessment of Speech in Early Onset 
Ataxia: A Pilot Study

MJ Kuiper1, R Brandsma1, TF Lawerman1, RJ Lunsing1, AL Keegstra2, H Burger3, TJ de Koning4, MAJ 

Tijssen1 and DA Sival4

Depts of 1Neurology, 2Ear Nose and Troat, 3General Practice and 4Pediatrics,

Beatrix Children’s Hospital, University Medical Center Groningen, University of Groningen, 

The Netherlands

Dev Med Child Neurol 2014; 56(12):1202-6

41

CHAPTER 3



42

ABSTRACT

Aim: To determine whether pediatric ataxia speech sub-scores are reliably applicable for 

international early onset ataxia (EOA) databases. If so, we reasoned that ataxia speech sub-scores 

should be associated with ataxia scores and involve high inter-observer agreement, including 

those for internationally applicable Scale for Assessment and Rating of Ataxia (SARA) syllable 

repetition tasks (SARASRT).

Methods: Three independent pediatric neurologists and a speech therapist scored speech in 

52 healthy children (mean age 10 years, range 4–16 years) and 40 EOA patients (mean age 15 

years, range 5–34 years). We compared ataxia speech sub-scores for the association with age and 

ataxia scores as well as inter-observer reliability.

Results: In healthy children, ataxia speech sub-scores were moderately associated with age 

(ICARS: r=-0.515; SARA: r=-0.321; p<0.05) and with ataxia scores (ICARS: r=0.552; SARA: r=0.336; 

p<0.05), and revealed slight to moderate inter-observer agreement (ICARS-ICC: 0.380; SARA-

ICC: 0.185; SARASRT-ICC: 0.509). In EOA, speech sub-scores have a strong association with ataxia 

scores (ICARS: r=0.735; SARA: r=0.730; p<0.001) and revealed substantial to nearly perfect inter-

observer agreement [ICARS-ICC: 0.812; SARA-ICC: 0.854; SARASRT-ICC: 0.724].

Interpretation: EOA speech sub-scores are associated with ataxia and also reveal high inter-

observer agreement, including those internationally applicable to SARASRT. We conclude that 

SARASRT appears to be applicable for EOA databases. However, before syllable repetition tasks 

are included, we would advise to wait for the results published by the international Childhood 

Ataxia and Cerebellar Group.
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INTRODUCTION

Early onset ataxia (EOA) characterizes the initiation of ataxia before the 25th year of life.1 The 

underlying conditions are highly heterogeneous and are often rare. For clarification of the 

clinical and phenotypic EOA disease course from childhood to adulthood, European adult and 

childhood ataxia interest groups aim to assemble one longitudinal European EOA database.2 

In adults, quantitative ataxia progression is often assessed by ICARS (International Cooperative 

Ataxia Rating Scale)3 and more recently also by SARA (Scale for Assessment and Rating of Ataxia).4

However, before pediatric ataxia speech sub-scores become applicable for the international 

EOA database, one may need to consider several drawbacks. Firstly, age-related speech sub-

score reference values in children are still lacking. Since young children generally improve 

articulation with age, “ataxia” speech sub-scores could be confounded by maturation of the 

nervous system (i.e. by the age of the child).5 Secondly, internationally applied speech sub-

scores should consider variation in the complexity of different languages.6 For example, English 

speaking children generally acquire their consonant clusters by the age of 5 years, whereas 

Dutch speaking children generally acquire their consonant clusters by the age of 6 to 10 years.6 

Thirdly, international research groups are likely to involve investigators who speak a different 

native language than the child, which may hamper reproducibility. Finally, one may realize that 

children with ataxia do not always present with a purely ataxic disorder. Particularly in children, 

ataxia may occur with manifest signs of other movement disorders,7,8 which could influence the 

scores as well.

In relation to these potential issues, our aim was to investigate whether pediatric ataxia speech 

sub-scores are reliably applicable for international EOA databases. We reasoned that EOA speech 

sub-scores could be applicable if outcomes are stronger indicators for ataxia than for age, and 

also if outcomes are obtained with sufficiently high inter-observer agreement. For uniform 

international application, we hypothesized that replacement of official speech sub-scores by 

syllable repetition tasks (involving a fixed set of syllables, such as “la-la-la”),9–11 could help to avoid 

potential language bias. ICARS already involves a syllable repetition task that is integrated in the 

official test score, whereas SARA does not.3,4 For this reason we compared outcomes between 

“official” speech sub-scores and syllable repetition tasks for SARA only. Finally, we determined 

speech sub-scores for two different EOA groups, one group involving “core ataxic” children and 

the other group involving “combined” phenotypes.

In the present study of healthy children and children with EOA (with “core” and “combined” 

phenotype), we aimed to investigate ataxia speech sub-score for the association with age and 

ataxia scores and for inter-observer agreement. We reasoned that if EOA speech sub-scores 

(involving syllable repetition tasks) revealed a sufficiently strong association with ataxia scores 

and if speech sub-scores also revealed a sufficiently high inter-observer agreement, then speech 

sub-scores could provide applicable parameters for the EOA database.
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METHODS

Participants
The medical ethical committee of the University Medical Center Groningen, the Netherlands, 

approved the present pilot study. After informed consent by the parents and children (when 

older than 12 years of age), we included 52 healthy children (range 4–16 years; four children per 

year of age; m:f=1)12 and 40 patients with EOA (range 5–34 years; mean 15 years of age; m:f=3). All 

40 patients with EOA were described with “ataxia” (as a primary or secondary feature) initiating 

before their 25th year of life, as mentioned in the patient records at the University Medical Center 

Groningen between 1998 and 2013. Patient data are given in Table I.

Table I: Characteristics and correlation coefficients for ataxia rating scales in healthy and ataxic (sub)
groups

Total 
(n=52)

Total
 (n=40)

“Core” 
(n=26)

“Combined” 
(n=14)

Age range (years)
Range
Mean (SD)

4–16
10 (4)

5–34
15 (7)

6–34
17 (8)

5–18
12 (4)

Duration of disease (years)
Range
Mean (SD)

0.5–25
10 (7)

3–25
12 (7)

0.5–15
7 (5)

ICARS speech sub-score
Range
Mean (SD)

0–1
0.12 (0.32)

0–6
2.61 (1.7)

0–6
3.09 (1.8)

0–4
1.71 (1.1)

SARA speech sub-score
Range
Mean (SD)

0–1
0.03 (0.15)

0–6
1.80 (1.4)

0–6
2.13 (1.4)

0–4
1.18 (1.1)

Speech sub-score correlation 
coefficientsa with
Total scores ICARS

Total scores SARA

0.552
0.336

0.735
0.730

0.813
0.826

0.122 (NS)
0.244 (NS)

SARASRT correlation 
coefficientsa with
Speech sub-scores SARA

Total scores SARA

0.185 (NS)
0.533

0.770
0.535

0.712
0.619

0.781
0.157 (NS)

Legend: ICARS (International Cooperative Ataxia Rating Scale); SARA (Scale for Assessment and Rating of Ataxia); SARASRT 
(SARA syllable repetition tests); NS = not significant; SD = standard deviation.a All indicated correlations were significant 
(p<0.05), except for the ataxic group with “combined” features.

The estimated patient number for inclusion was deduced from published data on inter-observer 

agreement data in adults.4 A sample size of 36 participants scored by three observers achieves 

90% power to detect an Intraclass Correlation Coefficient (ICC) for speech sub-scores of 0.8 or 

over the null hypothesis of a moderate ICC of 0.6 (0.85 published for adults4), using a significance 

level (alpha) of 0.05. This sample size is amply sufficient to attain the total score for which an ICC 

of 0.97 has been reported in adults.4
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Procedure
Since ICARS and SARA differ regarding test content and scoring guidelines,3,4 we assessed 

both scales. To avoid repetition by overlapping scoring items, we assembled a combined test 

and separated ICARS, SARA, and SARA syllable repetition tasks (SARASRT) video fragments for 

assessment thereafter.12 In a previous study, we had already proven that outcomes from combined 

videotaped sessions do not differ from separately taped ICARS and SARA performances.12 In 

healthy children and patients with EOA, three pediatric neurologists and a speech therapist 

independently scored ICARS and SARA offline. The SARASRT was assessed in a separate setting 

(median time interval between both tests in healthy children: 15 months [range: 14 months – 

16 months] and in patients with EOA 7 months [range: 5 months – 8 months]). The syllable 

repetition task involved vocal repetition of “putteke-putteke-putteke” and “la-la-la”, which is 

included in the Dutch version of ICARS.3 Syllable repetition performances were rated according 

to SARA speech sub-score guidelines.4 Since syllable repetition tasks are integrated in ICARS (as 

part of the total ICARS speech score) but not in SARA, we tested whether speech sub-scores can 

be exchanged by a syllable repetition task for SARA alone.

In patients with EOA, we assessed the same parameters as in healthy children and we additionally 

explored whether speech sub-score characteristics differed between “core” and “combined” ataxia 

subgroups. We assigned patients to a “core ataxia” subgroup (1) when an underlying diagnosis 

for ataxia was genetically or metabolically confirmed and when all three pediatric neurologists 

independently recognized presence of ataxia; or (2) when an ataxic diagnosis was not genetically or 

metabolically confirmed, but all three pediatric neurologists had independently recognized ataxia 

as the main symptom of the movement disorder. All other patients were assigned to a “combined” 

subgroup. Phenotypic assessment and subsequent group assignment was repeated by the 

University Medical Center Groningen movement disorder team, revealing significant agreement 

upon the presented group assignment. Underlying diagnoses for the “core ataxia” subgroup (n=26) 

involved: Friedreich’s ataxia (n=7), AVED (n=3), GOSR2 mutation (n=4), Niemann-Pick type C (n=1), 

NARP mutation (n=1), ataxia telangiectasia (n=1), Kearns Sayre syndrome (n=1), Joubert syndrome 

(n=1) and unknown association with ataxia (n=7). Diagnoses of the “combined” subgroup (n=14) 

involved: TITF-1 mutation (brain-thyroid-lung syndrome; n=1), Huntington disease (n=1), syndrome 

of Chediak Higashi (n=1), SPG11 mutation (n=1) and unknown association with ataxia (n=10).

Statistical analysis
We performed statistical analyses using PASW Statistics 18 for Windows (IBM SPSS Statistics, 

IBM Corp, Armonk, NY, USA). We assessed the normality of ICARS and SARA speech sub-scores 

both graphically and by the Shapiro-Wilk test. We compared outcomes between the pediatric 

neurologists and speech therapist by the unpaired Student’s t-test or by Wilcoxon signed 

rank test (when outcomes were not normally distributed). By calculating the Spearman rank 

correlation coefficient r, we quantified the association between ICARS and SARA median speech 

sub-scores, and also with age, age of ataxia onset, and median total ataxia scores. We determined 
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inter-observer agreement by ICC’s, using the two-way mixed model and single measurement 

coefficients.13 For uniformity reasons with previously published data,12 we applied Landis and 

Koch criteria14 that were originally described for categorical data. According to Landis and Koch,14 

we interpreted ICC outcomes as follows: ICC <0.20=slight; 0.21-0.40=fair; 0.41-0.60=moderate; 

0.61-0.80=substantial; >0.81=almost perfect. Finally, we compared “core” and “combined” ataxia 

subgroups regarding patient characteristics (age, duration of disease) and speech sub-score 

outcomes using the Mann Whitney U test. All statistical tests were two-sided. The p-values of 

<0.05 were considered as statistically significant.

RESULTS

Obtained datasets were complete. In both healthy children and children with EOA, ICARS and 

SARA speech sub-scores were not normally distributed (Shapiro-Wilk test; p<0.05). Comparing 

speech sub-score outcomes between the pediatric neurologists and the speech therapist, 

revealed no significant differences.

Speech sub-scores in association with age and ataxia scores
In healthy children, SARA speech sub-scores were correlated with ICARS speech sub-scores 

(r=0.554, p<0.001), but not with SARASRT (r= 0.185, p=0.190). All speech sub-scores were 

correlated with age (ICARS: r=-0.515, p<0.001; SARA: r=-0.321, p=0.020; and SARASRT: r=-0.543, 

p=<0.001) and with total “ataxia” scores (ICARS: r=0.552, p<0.001; SARA: r=0.336, p=0.015; and 

SARASRT: r=0.533, p<0.001).

In EOA patients, SARA speech sub-scores were correlated with ICARS speech sub-scores (r=0.924, 

p<0.001) and with SARASRT (r =0.770, p<0.001). Speech sub-scores showed no correlation with 

age (ICARS: r=0.065, p=0.690; SARA: r=0.039, p=0.811; and SARASRT: r=-0.084, p=0.607) and also 

no correlation with “age of ataxia onset” (ICARS: r=-0.091, p=0.576; SARA: r=-0.078, p=0.630; and 

SARASRT: r=-0.221, p=0.171). All speech sub-scores were correlated with total ataxia scores (ICARS: 

r=0.735, p<0.001; SARA: r=0.730, p<0.001; and SARASRT: r=0.535, p<0.001).

Comparing speech sub-score outcomes between “core” (n=26) and “combined” (n=14) ataxic 

subgroups revealed higher speech sub-scores in the “core” ataxia group (p<0.05). Speech sub-

scores in the “core” ataxia group were associated with total ataxia scores (ICARS: r=0.813, p<0.001; 

SARA: r=0.826, p<0.001; and SARASRT: r=0.619, p=0.001), whereas this correlation was lacking in 

the “combined” ataxia group (ICARS: r=0.122, p=0.677; SARA: r=0.244, p=0.401; and SARASRT: 

r=0.157, p=0.591), see Table I.

Comparing speech and total ataxia scores between healthy children and patients with EOA 

revealed a small overlap between both groups within the lower scoring ranges (<20 points for 

total ICARS score and <8 points for total SARA score; Figure 1).
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Figure 1: Association between speech sub-scores and total ataxia scores

Legend: The association between speech sub-scores and total ataxia scores. The figure shows (a) ICARS and (b) SARA speech 
sub-scores versus total ataxia scores in healthy children and children with EOA. The x-axis indicates the total score of the ataxia 
rating scales, ranging from 0 (no ataxia) to 100 and 40 (most severe ataxia; ICARS and SARA, respectively). The y-axis indicates 
the speech sub-score, ranging from 0 (no ataxic speech) to 8 and 6 (most severe ataxic speech; ICARS and SARA, respectively). 
EOA speech sub-scores were associated with total ataxia scores and revealed hardly any overlap between healthy children 
and EOA patients. The red insert reveals scores in healthy children. Red dots represent median scores in healthy children, blue 
dots represent median scores in EOA children.

Inter-observer agreement for speech sub-scores
In healthy children, inter-observer agreement revealed a fair ICC for ICARS speech sub-scores 

(0.380), a slight ICC for SARA speech sub-scores (0.185) and a moderate ICC for SARASRT (0.509).

In patients with EOA, inter-observer agreement for speech sub-scores revealed an almost perfect 

ICC for ICARS speech sub-scores (0.812) and SARA speech sub-scores (0.854) and a substantial ICC 

for SARASRT (0.724). For ICC values according to subgroup analysis, see Table II.

Table II: Intraclass correlation coefficients for speech sub-scores in EOA patients

Inter-observer reliability (ICC)

Totala “Core”a “Combined”a

ICARS 0.812 0.827 0.625

SARA 0.854 0.864 0.767

SARASRT 0.724 0.775 0.606

Legend: ICARS (International Cooperative Ataxia Rating Scale); SARA (Scale for Assessment and Rating of Ataxia); SARASRT 
(SARA syllable repetition tests). Inter-observer reliability is expressed by intraclass correlation coefficients (ICC’s); inter-observer 
agreement is calculated between three pediatric neurologists.a p<0.001 for all indicated conditions.
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DISCUSSION

Speech sub-scores in healthy children were associated with age and “ataxia” rating scales, 

whereas speech sub-scores in children with EOA were only associated with ataxia rating scales. 

EOA inter-observer agreement for speech sub-scores (including syllable repetition tests) was 

substantial to almost perfect. These data may implicate that speech sub-scores can provide a 

useful quantitative parameter for assessment of ataxia in international EOA databases.

Speech sub-scores in healthy children were associated with age. Analogous to our previous 

reports on “ataxia” scores in healthy children,5,12 one may explain such speech sub-score age 

relatedness by the physiologic maturation of the nervous system (including the cerebellum) 

continuing until about 17 years of age.15-17 However, we did not observe a similar speech sub-

score age relatedness in young patients with EOA, which appears attributable to a stronger 

(potentially overruling) effect by ataxia itself. These findings could also explain why speech sub-

scores in healthy and children with EOA only overlap within the lower scoring ranges (i.e. during 

the early ataxia disease stages, when ataxia scores are low). From these data, one may reason that 

pediatric EOA speech sub-scores are applicable for quantitative “ataxia” assessment, especially 

when a small age correction would be accounted for in the early disease stages.

Regarding the speech sub-score inter-observer agreement, we observed higher outcomes in 

patients with EOA than in healthy children, and also higher outcomes in “core” compared to 

“combined” ataxic groups. Since ataxia rating scales target quantification of ataxia (instead of 

“maturation” or other concurrent movement disorders), these outcomes could reflect a proper 

test construct. However, we cannot exclude the possibility that the mathematical ICC calculation 

also contributed to this result. Since ICC outcomes are influenced by the variance in scores, 

subgroups with a lower variance in scores are more likely to reveal a lower ICC outcome than 

children with a higher variance in scores.

Finally, we explored whether syllable repetition tasks could reliably provide internationally 

uniform speech test conditions. We therefore investigated whether simple syllable repetition 

tasks (SARASRT) could reliably replace the more detailed SARA speech tasks. In children with 

EOA, results indicated a significant association between SARASRT and SARA speech sub-scores. 

Although the ICC of SARA speech sub-scores exceeded the ICC of SARASRT (i.e. 0.854 versus 

0.724), the ICC of SARASRT was still interpreted as substantially high. This implies that syllable 

repetition tasks can provide a solution for international EOA databases requiring uniform speech 

test conditions. However, we do not intend to suggest that the official SARA test content should 

be altered for other purposes.

We do recognize several weak points of this pilot study. Firstly, the number of children included in 

the study was relatively small. Secondly, the healthy children volunteering for the healthy speech 
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scores revealed higher school achievements than average. In addition, as both assessors and 

children were Dutch, the relation between language and SARASRT needs further exploration by 

an international research panel. Hopefully the forthcoming European SARA validation trial may 

provide healthy international norm values by application of a stratified assessment. Thus far, 

preliminary international data in healthy children suggest that ICC outcomes tend to decline 

when different languages are involved. However, analogous to the present local EOA data, we 

expect that the international ICC outcomes will demonstrate a sharp increase in children with 

EOA. We will have to wait for the results from the international Childhood Ataxia and Cerebellar 

Group for further information. The third weak point of the study is that we applied Dutch 

syllable repetition tasks from ICARS (involving “putteke-putteke-putteke” and “la-la-la”)3 instead 

of English syllable repetition tasks from Friedreich Ataxia Rating Scale (involving “pata-pata-

pata”).18 However, since both syllable repetition tasks reveal strong similarities, we would also 

expect similar results. Finally, we are aware that the same pediatric neurologists performed both 

quantitative and phenotypic assessments during separate assessments. Phenotypic outcomes 

were also confirmed by a movement disorder panel who did not quantify the scores and the 

group differences were also confirmed by the essential differences in underlying diagnoses of 

both subgroups. We would therefore suggest that the observed differences between “core” and 

“combined” ataxic subgroups could be regarded as indicative.

Taken together, the current data presented here suggest that syllable repetition tasks can 

provide a useful quantitative solution for international EOA databases. However, before 

syllable repetition tasks are included, we would advise to wait for the results published by the 

international Childhood Ataxia and Cerebellar Group.
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ABSTRACT

Aim: For reliable assessment of ataxia severity in children, the Childhood Ataxia and Cerebellar 

Group of the European Pediatric Neurology Society aimed to validate the Scale for Assessment 

and Rating of Ataxia (SARA) according to age. 

Methods: Twenty-two pediatric ataxia experts from 15 international institutions scored 

videotaped SARA performances in 156 healthy children (4 to 16 years of age: m/f=1; 12 children 

per year of age; including nine different nationalities). We determined age-dependency and 

reliability of pediatric SARA scores by a mixed model. 

Results: In healthy children, age was the only variable that revealed a relationship with SARA 

scores (p<0.001). The youngest children revealed the highest scores and the highest variation 

in scores (<8 years; p<0.001). After 11 years of age, pediatric scores approached adult outcomes. 

The inter-observer agreement of total SARA scores was substantial with an Intraclass Correlation 

Coefficient (ICC) of 0.63 (95% Confidence Interval (CI): 0.56–0.69; p<0.001).

Interpretation: In healthy European children, both SARA scores and inter-observer agreement 

are age-dependent. For reliable interpretation of pediatric SARA scores, consideration of the 

underlying test construct appears prudent. These data will hopefully contribute to a correct and 

uniform interpretation of longitudinal SARA scores from childhood to adulthood. 
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INTRODUCTION

Reliable ataxia biomarkers are crucial for the assessment of ataxia severity in patients with Early 

Onset Ataxia.1 The Scale for Assessment and Rating of Ataxia (SARA) is composed of eight items 

in the domains of gait and posture (gait, stance, and sitting; 0–18 points), kinetics (finger-nose, 

finger-chase, fast-alternating-hand-movements, and heel-shin-slide; 0–16 points), and speech 

(0–6 points). SARA scores may thus vary from zero (no ataxia) to 40 (most severe ataxia).2 In adult 

patients with ataxia, SARA scores are characterized by a direct association with ataxia severity 

and also by high inter-observer agreement.2–4 In children with ataxia, this information is still 

incomplete. Since cerebellar networks for coordinated motor output develop during childhood, 

physiological immature motor features can overlap with “ataxic” features.5–8 This implies that 

different stages in physiological neurodevelopment could induce a bias in the interpretation of 

SARA scores.8 

To elucidate the potential influence by development, we aimed to investigate the SARA in 

healthy children of 4 to 16 years of age. We reasoned that age-related insight in SARA scores and 

in the reliability of SARA scores would contribute to reliable data interpretation of longitudinal 

therapeutic trials and would also contribute to reliable data entry in international Early Onset 

Ataxia databases. In the present study, the Childhood Ataxia and Cerebellar Group of the 

European Pediatric Neurology Society therefore set out to validate SARA in healthy children.

METHODS

Study design 
The medical ethical committees of all collaborating centres approved the study. All participating 

children (when older than 12 years of age) and their parents gave written informed consent. 

Children younger than 12 years of age provided assent. 

In healthy children, we determined age-related predictive values and the reliability of the 

SARA scores. By open advertisement, we recruited 156 children from nine different European 

countries in the age range from 4 to 16 years (six boys and six girls per year of age). The inclusion 

criteria involved healthy children following mainstream education. The exclusion criteria involved 

neurological or skeletal disorders that could interfere with motor coordination, muscle weakness 

(reflected by a positive Gower’s maneuver), and prescribed medication with known side effects 

on motor behaviour.8 The parents of all children completed a questionnaire concerning their own 

educational achievement, their child’s educational achievement, and their child’s participation in 

sports and medication. We documented the children’s height, weight, and head circumference. 

SARA assessment
In all children, we videotaped SARA performances. To minimize anxiety, children were 

allowed to perform the SARA tasks in presence of their parents, friends, or siblings. All assessors 
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were instructed to score SARA performances according to the official adult SARA guidelines.2 

We randomized and distributed the video recordings amongst 22 ataxia experts (pediatric 

neurologists and investigators of nine nationalities), resulting in four to six assessors per child 

(mean: five assessors per child). We provided each assessor with one set of 13 or a multiplicity of 

13 children (each set of 13 children consisted of one child per year of age in the age range of 4 to 

16 years of age), so that individual assessor-related influences were equally distributed over the 

full age-range. We determined the influence of age and other variables (such as BMI, sex, sport 

participation, school performances, and educational achievement) on the SARA scores. As body 

weight, sex, sports participation, and intelligence are described in association with coordinated 

motor function,7–10 we controlled for the potential influence of these variables on the SARA 

scores. After controlling for potential influences on the SARA scores, we determined the SARA 

score age-dependency and calculated age-dependent SARA predictive values. By comparison 

between three different age subgroups (4 to 7, 8 to 11, and 12 to 16 years of age), we determined 

whether the variance in SARA scores varied with age. The above described analyses were 

separately determined for total SARA scores and for the sub-scores gait, kinetic, and speech. To 

avoid potential SARA speech sub-score bias by different native languages (of included children 

and assessors),11 we additionally processed the results of a syllable repetition task (involving 

“la-la-la” and “pata-pata-pata”) in each participant. As outcomes were not statistically different 

between SARA speech and syllable repetition tasks (Wilcoxon signed Rank test, p=.493), we 

provide the standard outcomes of the SARA speech sub-scores. 

Statistical analysis
We performed statistical analyses using SPSS statistics 20 for Windows. “SARA scores” represent 

the mean score of all obtained assessments per child. We assessed normality of the residuals of 

the SARA scores by a histogram. Per year of age, we determined the deviation from the mean 

total SARA scores (individual mean total SARA scores minus the mean total SARA scores per age 

category) and we compared the outcomes between three age subgroups (4 to 7, 8 to 11, and 

12 to 16 years of age) by Kruskal-Wallis Test (with post hoc Mann-Whitney U test, if significant). 

We determined the influence of age and other variables by a mixed model with children and 

observers as random effects, assuming independency of both variables. We determined a linear 

relation between SARA scores and age. In absence of a linear relationship, we performed a single 

log-transformation to obtain this effect. In absence of homogeneous variances, we applied a 

subsequent log-log transformation.

Since age was the only predictive variable in our preceding pilot study,8 we determined the 

effect of age, first. Subsequently, we determined the additional effect of the other variables on 

the SARA scores by a fixed effect. These variables included: sex, BMI, sport participations, school 

performance, and parental education. We selected the strongest model by comparing the 

Akaike Information Criterium between the different models. In case of a lower Akaike Information 

Criterium in a “nested model”, we performed a likelihood ratio, to determine the significant effect 

of the additional variable. We determined the 95%PI on SARA scores by correcting outcomes for 
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inter- and intra-observer variation by the formula: 

y=b
0
+b

1
*X±t*SD

res
*√(1+1/n+((X-X–)2/S

xx
)

 

(where b
0
=intercept of the linear line; b

1=
effect of significant variables; X=age; t=1.987; 

SD
res

=standard deviation of the residuals and the variation and covariation of the observers; 

n=number of subjects; X– =mean age value; S
xx

=sum of square of all ages).

Provided that age would be the solitary predictive parameter (in accordance with the 

preceding pilot study),8 we also aimed to compare the SARA score age-relatedness between the 

present European trial and the preceding pilot study.8 According to the preceding pilot study, we 

therefore determined the explained variance of age on the total SARA scores (R2) by a polynominal 

analysis with a one phase decay trend line. We determined the Intraclass Correlation Coefficient 

(ICC; children and assessors regarded as random factors) for inter-observer agreement. We 

interpreted ICC outcomes according to the criteria of Landis and Koch (<0.20 slight; 0.21–0.40 

fair; 0.41–0.60 moderate; 0.61–0.80 substantial; >0.81 almost perfect).12 In the first 52 children, 

we controlled for the potential effects of sampling by comparing the ICC between sampled 

and non-sampled SARA assessments (six random assessors versus 13 consistent assessors/child, 

respectively). Results revealed similar inter-observer agreement on total SARA scores (ICC=0.66 

vs. 0.62, respectively), with no statistical differences on agreement of total SARA scores and SARA 

sub-scores between random and consistent assessors (Wilcoxon signed rank test). All statistical 

tests were two-sided. We considered a p-value lower than 0.05 as statistically significant.

RESULTS

Participant characteristics are indicated in Table I. Children with missing data (see Table I) were 

excluded from the multivariate analysis. 

Total SARA scores
The residuals of total SARA scores were visually normally distributed in a histogram. With 

increasing age, the variance in total SARA scores declined significantly, revealing more variance 

in total SARA scores in the 4 to 7 years of age subgroup compared to the 8 to 11 years of age 

subgroup. In the 8 to 11 years of age subgroup, the variance in total SARA scores was also higher 

compared to the 12 to 16 years of age subgroup (all p<0.001; Fig. 1A and Fig 1B). 
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Table I: Patients characteristics

Characteristics Girls
(n =78)

Boys
(n =78)

Total
(n=156)

Age (years)

  Range 4 – 16 4 – 16 4 – 16 

BMI (z-scores according to age) %

  < -2 3 4 3

  -2 – -1 12 6 9

  -1 –  1 66 68 67

   1 –  2 14 18 16

  > + 2 5 4 5

  Missing value (n) 5 0 5

Sport participation, %

  < 1h 4 5 5

  1 – 2h 32 22 27

  2 – 4h 29 27 28

  4 – 6h 19 24 22

  > 6h 16 22 18

  Missing value (n) 1 0 1

School performance, %

  A 40 44 42

  B 38 26 32

  C 21 22 21

  D 0 3 2

  E 1 5 3

  Missing value (n) 6 5 11

Highest education achievement mother,%

  Higher education 60 65 62

  Vocational education 32 31 32

  Secondary school 8 4 6

  Missing value (n) 1 2 3

Highest education achievement father,%

  Higher education 60 62 61

  Vocational education 27 24 25

  Secondary school 13 14 14

  Missing values (n) 1 4 5

Legend: BMI interpretation of cut-offs: <-2 = underweight, >+1SD = overweight (equivalent to BMI 25 kg/m2 at 19 years), 
> +2SD = obesity (equivalent to BMI 30 kg/m2 at 19 years). Participation in sport in hours per week. School performance is 
reported by the parents. A= excellent, B= above average, C= average, D= below average, E= poor.

chapter 4

4



59

Figure 1: Total SARA scores in healthy children

Legend: (A) Variance in total SARA scores. The x-axis represents age in years. The y-axis represents SARA score deviations from 
the mean score (i.e. the individual total SARA score minus the mean total SARA score of the age group). The mean total score 
of the age group is set at 0 and is represented by the middle line. Children younger than 8 years of age show more variation 
in SARA scores than older children. (B) Total SARA scores per year of age. The x-axis represents age and the y-axis represents 
mean total SARA scores. Boxes represent the median and lower and upper quartiles. Whiskers represent the minimum and 
maximum scores. (C) Representation of the age-related total scores of the preceding pilot study8 and the current European 
Trial, determined by a polynominal analysis with an one phase decay trend line. R2 represents the explained variance of age 
on total SARA scores. The x-axis represents age in years. The y-axis represents mean total SARA scores. The Dutch local pilot 
study8 and the current European trial revealed a similar SARA score age-dependency.

Comparing the presently observed SARA score age relationship with the preceding results from 

the pilot study8 revealed 1 per cent diff erence in explained SARA score variance by age (see Fig. 1C).

As total SARA scores per year of age did not reveal a linear trend (see Fig. 1B and Fig. 1C), 

we transformed the scores by ln(ln(SARA+1)+1) resulting in a linear trend until the age of 11 

years. From 12 years onwards, the ln(ln(SARA+1)+1) remained constant. In a mixed model with 

children and observers as random eff ects, age was the only fi xed variable that revealed evidence 

of a relationship with the ln(ln(SARA+1)+1); (p<0.001). The variables, sex, BMI, sport participations, 

school performance, and parental education, did not render a signifi cant change on the Akaike 

Information Criterium (AIC) and were therefore omitted from our model (see Table II). 

Table II: AIC’s of the diff erent tested models

Model AIC

Age 172.411

Age and Gender* 171.187

Age and BMI# 166.740

Age and sport participations 184.581

Age and school performances 185.404

Age and educational level father 181.437

Age and educational level mother 181.405

Legend: AIC’s given for the diff erent tested models. We tested diff erent models in which, beside age, other variables could 
reveal a positive relationship with total SARA scores. The model with age only, revealed the best AIC and therefore all other 
variables were excluded from our model. *The model Age and Gender revealed a lower AIC, however the Likelihood Ratio (p 
= .073) did not reveal signifi cant diff erences between the combined model and the model with age alone. #The AIC of the 
model Age and BMI was lower due to 5 missing values in the BMI group. After exclusion of the missing variables, AIC of the 
model age was 164.740. 
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We determined the mean predictive total SARA scores with a 95% PI by the formula: 

y=1,236–0,102*age (±1,987*0,315*√ (1,01+(age–7,5)2/503,975)). 

We transformed the data back to the original appearance (see Fig. 2). For the mean predictive 

total SARA scores per year of age and 95% PI, see Table III. Pediatric total SARA scores approached 

adult values from 12 years of age onwards, with a mean predictive value of 0.1 (95% PI; 0.0–1.4), 

see Figures 2A and 2D. 

Table III: Age-related predictive values for SARA total and sub-scales in healthy children

Age
(years)

Total
SARA scores

Mean (95%PI)

Gait
sub-scores

Mean (95% PI)

Kinetic
sub-scores

Mean (95%PI)

4 2.6 (0.2 – 26.7) 0.7 (0.0 – 2.8) 1.7 (0.2 – 9.0)

5 1.9 (0.1 – 17.0) 0.6 (0.0 – 2.2) 1.3 (0.1 – 6.6)

6 1.4 (0.0 – 11.3) 0.4 (0.0 – 1.8) 1.0 (0.0 – 4.9)

7 1.0 (0.0 – 7.7) 0.3 (0.0 – 1.4) 0.7 (0.0 – 3.7)

8 0.7 (0.0 – 5.4) 0.2 (0.0 – 1.2) 0.5 (0.0 – 2.8)

9 0.5 (0.0 – 3.9) 0.1 (0.0 – 0.9) 0.3 (0.0 – 2.2)

10 0.3 (0.0 – 2.9) 0.0 (0.0 – 0.7) 0.2 (0.0 – 1.7)

11 0.1 (0.0 – 2.1) 0.0 (0.0 – 0.6) 0.1 (0.0 – 1.3)

12 0.1 (0.0 – 1.4) 0.0 (0.0 – 0.6) 0.0 (0.0 – 1.0)

13 0.1 (0.0 – 1.4) 0.0 (0.0 – 0.6) 0.0 (0.0 – 1.0)

14 0.1 (0.0 – 1.4) 0.0 (0.0 – 0.6) 0.0 (0.0 – 1.0)

15 0.1 (0.0 – 1.4) 0.0 (0.0 – 0.6) 0.0 (0.0 – 1.0)

16 0.1 (0.0 – 1.4) 0.0 (0.0 – 0.6) 0.0 (0.0 – 1.0)

Legend: Age-related predictive values for SARA total, gait and kinetic sub-scales. Mean and 95% PI is based on a mixed model 
with random effects for children and observers. SARA (sub-)scores are never identical to zero. Abbreviation: PI = prediction 
interval.

SARA sub-scales
In a mixed model with children and observers as random effects, age was the only variable that 

related with the SARA gait and kinetics sub-scales. Comparison between individual sub-scales 

revealed that SARA gait scores approximated adult values before kinetic scores (at 10 and 12 

years of age, respectively). For mean (sub-)scale scores and 95% PI, see Figures 2A–F and Table 

III. The SARA speech sub-scale was not assessable with a mixed model because of low variance 

in the range of sub-scores.
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Figure 2: Age-related prediction model for SARA total and sub-scale scores

Legend: (A) The mean predictive total SARA scores. The x-axis represents age in years and the y-axis represents total SARA 
scores. (B) The mean predictive scores for SARA gait. (C) The mean predictive scores for SARA kinetics. Figures 2D, E and F 
represent the mean predictive scores for SARA total, SARA gait and SARA kinetics with the 95% PI. The x-axis represents age in 
years and the y-axis represents total SARA (sub) scores. The solid line represents the mean predictive total SARA (sub) scores 
and the dashed line represents the 95% PI. Abbreviation: PI = Prediction interval.

Inter-observer agreement
The inter-observer agreement on total SARA scores was substantial (ICC 0.63 [95% CI; 0.56–0.69]; 

p<0.001).12 The ICC values for the SARA sub-scales gait, kinetic, and speech were 0.57 (95% CI; 

0.50–0.63), 0.55 (95% CI; 0.48–0.62) and 0.07 (95% CI; 0.0 –0.13) respectively.12 

DISCUSSION

The Childhood Ataxia and Cerebellar Group of the European Pediatric Neurology Society aimed to 

validate SARA for age and to provide insight in the reliability of the scores. In children, both SARA 

scores and inter-observer agreement are related with the age of the child. In the present study, 

we obtained and processed SARA scores provided by an international group of ataxia experts in 

a heterogeneous European group of healthy children. Analogous to the preceding local Dutch 

pilot study,8 we determined and compared SARA score age-dependency between both studies. 

The observed consistency of the SARA score age-relatedness is attributed to the robustness 

of the SARA. The relationship between SARA scores and age is explained by the physiological 
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development of motor coordination,7 reflecting ongoing maturation of the pediatric cerebellum 

and cerebellar networks.5,13 As physiologically immature motor behaviour can confound “ataxia” 

scores,5–8 we may thus conclude that pediatric SARA scores are not only determined by the factor 

“ataxia severity”, but also by age. Even under the condition that SARA scores in ataxic children 

are high, the relatively smaller effect by SARA score age-dependency could still influence SARA 

score outcome interpretation of longitudinal therapeutic trials. Due to age-related physiological 

development of the cerebellum, younger children revealed a stronger age related effect 

on SARA scores than older children. This could also explain why medication trials (such as 

idebenone treatment) have initially reported mild ataxia “improvement” in young children (e.g. 

at the early stage of Friedreich ataxia),14,15 whereas subsequent trials failed to substantiate this 

effect.16,17 For reliable longitudinal interpretation of SARA scores in ataxic patients from childhood 

to adulthood, this implicates that insight in the age-related norms is needed, first. In children 

older than 11 years, we observed that SARA scores approached optimality, although values never 

became identical to zero (range: 0–2). This is in line with previously published results in healthy 

adults, with mean scores at 0.4 (range 0–7.5).2 Even for the determination of a treatment effect 

in children older than 11 years of age,2 one should thus still consider a SARA cut-off threshold 

above the physiologic fluctuation (e.g. a cut-off threshold exceeding at least “two”). Altogether, 

depending on the duration of the study and on the age of the patients, our data would support 

consideration of a SARA cut-off threshold and also data interpretation according to the age-

specific SARA score norms. 

Regarding SARA score reliability, we observed an acceptable, but not perfect, inter-observer 

agreement in healthy children (ICC: 0.63). This is contrasted by the almost optimal outcomes in 

adult ataxic patients (ICC: 0.98).2 Although inter-observer agreement may thus appear higher 

in adult patients with ataxia than in healthy children, one should also consider a potentially 

misleading effect by the mathematical calculation of the ICC. When inter-observer differences 

are similar, a parameter with a large range in scores will mathematically induce a higher ICC 

outcome than a parameter with a small range of scores.18 From this perspective, healthy children 

with a small range in physiologically age-related SARA scores are more likely to obtain a low ICC 

outcome than adult ataxic patients with a large range in pathology-related SARA scores (mean 

SARA scores in healthy children versus adult ataxic patients:2 10.5 versus 40). This potentially 

misleading effect is also illustrated by the “slight” ICC of SARA speech sub-scores (0.07; score 

fluctuation: 0–3), despite the high percentage of inter-observer agreement (98%) on SARA speech 

sub-scores. However, this mathematical calculation cannot explain the higher age-dependent 

effect on the “SARA score reliability” in the younger children, as the youngest children (under 

the age of 8 years) also revealed the highest variance in SARA scores in combination with the 

lowest ICC values. In children younger than 8 years of life, we also observed a wide 95% PI for 

total SARA scores. In this particularly young age group, this implicates that longitudinal total 

SARA scores should be carefully interpreted. In contrast with the wide 95% PI for total SARA 

scores, we observed smaller 95% PI intervals for SARA gait and kinetic sub-scores. Considering 

the specifically small 95% PI interval for SARA gait, it is tempting to speculate that SARA gait sub-
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scores provide a more stable parameter for longitudinal ataxia assessment in young children 

than total SARA scores. In the near future, we aim to investigate this into further extent. The lower 

inter-observer agreement of physiologic SARA scores in healthy young children can be attributed 

to different factors. Firstly, young children have a relatively short concentration span compared 

to older children. Furthermore, the variation in neurodevelopmental motor output is also higher 

in younger than older children. As disturbances in balance and coordination by the developing 

immature cerebellum share similar characteristics with ataxia, SARA scores may (partly) depend 

on the age-related interpretation by the observers. In this perspective, it is prudent to adapt 

SARA cut-off values for pediatric therapeutic trials in accordance with the age of the included 

children. Thus far, previous therapeutic studies have neglected to consider these effects.14,15,19–21 

For instance, a recent trial in children and adults with ataxia had interpreted a minimal SARA cut-

off threshold of only one point as indicative for “ataxia improvement”.20 In perspective of these 

findings, one may decide to rely on more methodologically convincing results.22

Altogether, the present study shows that the SARA (sub-)scores are age-dependent, both 

regarding absolute SARA scores and inter-observer agreement on the SARA scores. To enable 

transparent and reliable SARA outcome interpretation in therapeutic trials, consideration of age-

related SARA cut-off thresholds above the physiologic SARA score variance is needed. 

We acknowledge some limitations to this study. Firstly, as all video-recordings were randomized 

amongst 22 assessors, not all assessors scored all healthy children. However, we controlled for 

this effect in the first 52 children. This revealed comparable outcomes between the sampled 

and non-sampled groups. Secondly, our population included many children with above average 

school performance and/or parents with high educational levels. As intelligence could relate 

with motor performances,9 one cannot exclude a relationship with SARA scores, beforehand. 

However, statistical analysis did not reveal a relationship between school performances and total 

SARA scores. Thirdly, we are aware that the number of children per year of age is relatively small 

and that potential effects by other variables may be overlooked by the small sample size. Finally, 

the present study exclusively addressed the ataxia rating scale “SARA”. However, given the high 

correlation between SARA and other ataxia rating scales (such as the International Cooperative 

Ataxia Rating Scale and the Brief Ataxia Rating Scale),8,23,24 we would expect similar results for the 

other ataxia rating scales as well. 

To conclude, current insights in the pediatric SARA construct reveals that SARA scores can be 

reliably obtained in children over 8 years of life, provided that the longitudinal scores are also 

interpreted according to age. Hopefully, these findings may contribute to uniform and reliable 

interpretation of SARA scores from childhood to adulthood.
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ABSTRACT

Aim: In children, gait and posture assessment provides a crucial marker for the early 

characterization, surveillance and treatment evaluation of Early Onset Ataxia (EOA). For reliable 

data entry of studies targeting at gait and posture improvement, uniform quantitative biomarkers 

are necessary. Until now, the pediatric test construct of gait and posture scores of the Scale for 

Assessment and Rating of Ataxia sub-scale (SARA) is still unclear. In the present study, we aimed 

to validate the construct validity and reliability of the pediatric SARA
GAIT/POSTURE

 sub-scale. 

Methods: We included 28 EOA patients (15.5 (6-34) years; median (range)). For inter-observer 

reliability, we determined the ICC on EOA SARA
GAIT/POSTURE

 sub-scores by three independent 

pediatric neurologists. For convergent validity, we associated SARA
GAIT/POSTURE

 sub-scores with: 1. 

Ataxic gait Severity Measurement by Klockgether (ASMK; dynamic balance), 2. Pediatric Balance 

Scale (PBS; static balance), 3. Gross Motor Function Classification Scale - extended and revised 

version (GMFCS-ER), 4. SARA-kinetic scores (SARA
KINETIC

; kinetic function of the upper and lower 

limbs), 5. Archimedes Spiral (AS; kinetic function of the upper limbs), and 6. total SARA scores 

(SARA
TOTAL

; i.e. summed SARA
GAIT/POSTURE

, SARA
KINETIC

 and SARA
SPEECH 

sub-scores). For discriminant 

validity, we investigated whether EOA comorbidity factors (myopathy and myoclonus) could 

influence SARA
GAIT/POSTURE

 sub-scores. 

Results: The inter-observer agreement (ICC) on EOA SARA
GAIT/POSTURE

 sub-scores was 

high (.97). SARA
GAIT/POSTURE

 was strongly correlated with the other ataxia and functional 

scales [ASMK (r
s
= -.819; p< .001); PBS (r

s
=-.943; p< .001); GMFCS-ER (r

s
= -.862; p< .001); 

SARA
KINETIC

 (r
s
= .726; p<.001); AS (r

s
 .609; p= .002) and SARA

TOTAL
 (r

s
= .935; p<.001)]. 

Comorbid myopathy influenced SARA
GAIT/POSTURE 

scores by concurrent muscle weakness, 

whereas comorbid myoclonus predominantly influenced SARA
KINETIC

 scores.   

Conclusion: In young EOA patients, separate SARA
GAIT/POSTURE

 parameters reveal a good inter-

observer agreement and convergent validity, implicating the reliability of the scale. In perspective 

of incomplete discriminant validity, it is advisable to interpret SARA
GAIT/POSTURE

 scores for comorbid 

muscle weakness. 
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INTRODUCTION

Pediatric ataxic gait and posture- assessment provides an important instrument to identify 

children and young adults with Early Onset Ataxia (EOA).1,2 The availability of validated gait and 

posture- biomarkers in children is also important for the entry of high quality data in international 

EOA databases1-3 and also for the evaluation of treatment, especially when the training of core-

muscles is involved (such as by exergame-training)4,5. In young, often disabled, EOA patients 

with limited concentration and physical endurance, optimally applicable gait and posture- 

biomarkers are characterized as: non-invasive, quick and easy, compatible with adult parameters, 

reliable and also associated with a good construct validity.6,7 Until now, insight in the validity of 

clinically available gait and posture- biomarkers is incomplete. The Scale for Assessment and 

Rating of Ataxia (SARA) is described as a reliable, quickly assessable and non-invasive rating 

scale for patients with ataxia.8 SARA scores consist of summed: gait and posture- (SARA
GAIT/POSTURE

 

measuring gait, stance, sitting performances), kinetics (SARA
KINETICS

) and speech (SARA
SPEECH

) sub-

scores.8 In EOA, we aimed to investigate the construct validity of the pediatric SARA
GAIT/POSTURE

 

sub-scale scores. 

For the investigation of the EOA SARA
GAIT/POSTURE

 construct validity, it is important to realize 

two points. First, SARA was originally designed and validated as a complete, total score in the 

domains of gait/posture, kinetics and speech.8 However, under the assumption that the SARA 

sub-scale scores SARA
GAIT/POSTURE

 and SARA
KINETICS

 measure cerebellar functioning in different 

domains (i.e vermis & anterior lobe of cerebellar hemispheres, respectively), we hypothesized 

that the SARA
GAIT/POSTURE

 sub-scale could be separately validated. Secondly, the SARA was 

originally designed and validated in adult patients with Adult Onset Ataxia (AOA).8 However, 

due to the short clinical assessment time and good score reproducibility, the scale was soon 

applied in children too.9-12 Before SARA scores can be analogously interpreted in AOA and EOA 

patients, it is thus important to take the effect of potential group differences into account. In 

comparison with the AOA patient group, EOA patients may reveal a large variety of disorders, 

with a heterogeneous phenotypic presentation and comorbidity (such as myopathy and/or 

myoclonus). This explains why SARA score characteristics can differ between AOA and EOA 

patient groups.9,12-14 For instance, in AOA patients, total SARA scores relate with ataxia as one 

single factor (i.e. “ataxia”).8 This is contrasted by total SARA scores in EOA patients, which are also 

attributed to: 1. pediatric age (i.e. cerebellar maturation;)9,13,15, 2. comorbid muscle weakness (in 

Friedreich ataxia)14, and 3. comorbid movement disorders.12 

In children and young adults with EOA, we thus aimed to investigate the construct validity of the 

SARA
GAIT/POSTURE

 sub-scale. Under the premise that parameters for SARA
GAIT/POSTURE

 would depend 

on the integrated cerebellar processing of visual, vestibular and sensory signals of the limbs and 

trunk,16-18 SARA
GAIT/POSTURE

 sub-scales
 
would be expected to correlate with biomarkers for dynamic 

and passive balance, such as: the scale for Ataxic gait Severity Measurement by Klockgether 

(ASMK; dynamic balance)19 and the Pediatric Balance Scale (PBS; static balance).20 Additionally, 
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we reasoned that clinical meaningful and effective SARA
GAIT/POSTURE

 sub-scores
 
would relate with 

a validated, age-related classification system for functional motility in children, such as the Gross 

Motor Function Classification Scale (the GMFCS)21 -the extended and revised version (E&R),22 

which is originally designed for children with cerebral palsy. Furthermore, accurate kinematics 

for SARA
GAIT/POSTURE 

performances would also correlate with biomarkers for kinetic-limb function, 

such as: SARA
KINETIC

 (upper & lower limbs) and Archimedes Spiral (AS; upper limb kinetic scores).23 

Finally, effective EOA SARA
GAIT/POSTURE 

scores would be expected to correlate with summed total 

SARA scores (SARA
TOTAL

). Strong and significant correlations would underpin a good convergent 

validity of SARA
GAIT/POSTURE 

sub-scale scores. Absent influence by EOA comorbidity factors (such 

as muscle weakness and/or myoclonus) on the scores would underpin sufficient discriminant 

validity of the SARA
GAIT/POSTURE 

sub-scale. 

   

In the present study, we thus aimed to elucidate the construct validity and reliability of EOA 

SARA
GAIT/POSTURE

 sub-scale scores in children and young adults.  

METHODS

The Medical Ethical Committee of the University Medical Center Groningen (UMCG), the 

Netherlands, approved the study (METc 2011/165). According to the Dutch medical ethical law, 

both parents and children older than 12 years of age provided informed consent. Children 

younger than 12 years of age provided assent. In the absence of preceding pediatric data for a 

power calculation, we performed a prospective, explorative study. 

Patients
Over a five year period (2011-2016), we have collected a complete cohort of EOA children that 

visited the pediatric neurology ward at UMCG.12 From this cohort, we included patients that 

fulfilled the criteria for “core ataxia”, characterized by: EOA (initiation of ataxia before the 25th year of 

life) and unanimous recognition of ataxia as the main movement disorder by three independent 

pediatric neurologists and/or unanimous recognition of ataxia as part of the movement disorder 

by three independent pediatric neurologists and confirmation of the ataxic phenotype by the 

OMIM database. Patients were excluded when they were unable to understand the required 

motor function tasks for the present study. 

We included 28 EOA patients (median age 15.5 (range 6-34) years). The response rate was 100%. In 

24/28 (86%) patients, ataxia was independently recognized as the main movement disorder by all 

three pediatric neurologists. The other 4 of 28 (14%) patients were included on basis of unanimous 

phenotypic ataxia recognition (primary or secondary features) and diagnostic confirmation that 

ataxia is involved according to the OMIM database. Underlying metabolic or genetic diagnoses 

(n= 24/28) included: Friedreich ataxia (FA, n=8), GOSR2-mutation (n=4), ataxia with vitamin E 
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deficiency (AVED; n=2), CACNA1A-mutation (n=2), Ataxia Telangiectasia (n=1), Joubert Syndrome 

type 23 (n=1), Kearns Sayre Syndrome (KSS; n=1), MHBD-deficiency (n=1), NARP-mutation (n=1), 

Niemann-Pick type C (n=1), Poretti Bolthauser Syndrome (n=1), and SCA5 (n=1). The remaining 

four patients remained undiagnosed, despite whole exome sequencing. We assigned patients 

to “myopathic” or “myoclonic” EOA subgroups, when myopathy or myoclonus was described 

in the medical records as major comorbid EOA pathology and when myopathic or myoclonic 

features are phenotypically described in the OMIM database. The “myopathic” comorbidity 

subgroup (EOA
MYOPATHIC

) involved 11 patients with FA (n=8); KSS (n=1); MHBD (n=1); and NARP 

(n=1) gene-mutations. The “myoclonic” comorbidity subgroup (EOA
MYOCLONIC

) involved four 

GOSR2 patients with spontaneous, multifocal myoclonus and action-induced enhancement, at 

the upper extremities, face and lower extremities.24 In all four EOA
MYOCLONIC

 patients, the medical 

records described clinical presence of comorbid myoclonus, which was also assessable during 

videotaped motor task performances (in 3 of 4 patients by 2 of 3 observers and in 1 patient by 1 

of 3 observers). The remaining “other” subgroup involved 13 patients, with neither “myopathic” 

nor “myoclonic” comorbidity. In all patients, we reported the presence of secondary movement 

disorder features when at least 2 of 3 independent observers had assessed the same secondary 

feature, in accordance with the clinical phenotype. For patient characteristics, see Table I.

Assessments
In pediatric EOA patients, we investigated the SARA

GAIT/POSTURE
 construct validity by determining 

the: 1. inter-observer reliability 2. convergent validity, and 3. discriminant validity. 

Inter-observer reliability: For the inter-observer reliability, we determined the Intraclass 

Correlation Coefficient (ICC) of the SARA
GAIT/POSTURE 

video-ratings by three independent pediatric 

neurologists, according to the official SARA guidelines.8

Convergent validity: For convergent validity, we correlated SARA
GAIT/POSTURE 

(i.e. summed gait, 

stance and sitting sub-scale scores)8 with other rating scale scores for coordinated motor function, 

including ASMK (dynamic balance)19; PBS (static balance)20; GMFCS -E&R 21,22, Dutch version1@; 

SARA
KINETIC

 (kinetic function of upper and lower limbs)8; AS (kinetic function of the upper limbs)23 

and, finally also SARA
TOTAL

 (summed ataxia scores in gait/posture, kinetic and speech domains).8 

To prevent unnecessary test burden and exhaustion of the patient, we planned investigations 

during successive hospital visits for clinical reasons. For latent time intervals between tests, see 

Table II. 

1 @ Nederlandse vertaling © 2009  NetChild Network for Childhood Disability Research, Utrecht, the Netherlands, 15-
10-2017. World Wide Web URL: https://canchild.ca/system/tenon/assets/attachments/000/000/067/original/GMFCS-
ER_Translation-Dutch.pdf
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Table II:  Time intervals between tests

Time Intervals (months) Total Group Myopathic Myoclonic Other

SARA.PBS
 Median (p25-p75)
 
 SARA.MF
 Median (p25-p75)
 
 MF.MU
 Median (p25-p75)

9.8 (0 -12.1)

10.6 (0-14.7)

0 (0-0)

0 (0-9.7)

0 (0-4.3)

0 (0-0)

12.9 (8.6-14.1)

34.1 (12.4-58.1)

8.8 (-39.4-24.9)

10.6 (2.3-12)

11.3 (9.4-13.5)

0 (0-0.6)

Legend: Time intervals indicate the time in months between the first (reference) and subsequent test. The mean time interval 
between the tests was 8 months. The SARA, the ataxia severity measurement according to Klockgether and the Archimedes 
Spiral were performed on the same day (not indicated in the Table).  Two patients from the myoclonic sub-group had revealed 
a prolonged dynamometry time interval (due to personal circumstances). As these patients did not reveal leg muscle weakness 
(< - 2SD), this had not influenced the results. SARA = Scale for Assessment and Rating of Ataxia, PBS= Pediatric Balance Scale, 
MF=Muscle Force, MU= muscle ultrasound, p25-p75=lower and upper quartile.

The ASMK19 and GMFCS22 data were compiled from patient records and interviews. The PBS20 

scores were provided by one independent investigator, blinded for the results of the other test 

scores. In children, the reliability of this method was shown to be very high (ICC .997).25 

Discriminant validity: For discriminant validity, we determined the potentially confounding 

influence by comorbid EOA factors, consisting of 1. myopathic muscle weakness and 2. myoclonus 

on the SARA
GAIT/POSTURE 

scores. We assessed muscle force (MF) by hand held dynamometry (CITEC; 

C.I.T. Technics, Haren, Groningen, The Netherlands).26 We determined summed total muscle force 

(MF
TOTAL

), upper extremity muscle force (MF
UE

), lower extremity muscle force (MF
LE

) and proximal 

muscle force (MF
PROX

). As the normality of pediatric muscle force depends on age, weight and 

sex, we expressed outcomes as Z-scores from the corrected normal values.27 

As “ataxia” and/or “myoclonus” could theoretically prohibit accurate muscle activation and/

or muscle force assessment, we controlled whether paretic measurements (Z-scores < - 2 SD) 

were consistent with muscle ultrasound (MU) abnormalities of the same muscles. MU images 

(of the biceps, rectus femoris and tibial anterior muscles) were obtained in accordance with a 

standard protocol and settings.14,28 Two muscle ultrasound experts independently classified MU 

images as: “myopathic”, “neuropathic”, “combined” (i.e. myopathic and neuropathic) or “none” (in 

absence of myopathic or neuropathic abnormalities). In a previous publication, we have shown 

the reliability of this method.29 Myopathic abnormalities are characterized by homogeneously 

increased MU density and/or muscle atrophy in a proximal to distal distribution. Neurogenic 

muscle abnormalities are characterized by MU inhomogeneity. 

Correlations and Comparisons
For assessment of convergent validity, we correlated SARA

GAIT/POSTURE
 with the scores from: 

ASMK (dynamic balance), PBS (static balance), GMFCS-E&R, AS, SARA
KINETIC

 and SARA
TOTAL

. For the 

assessment of discriminant validity, we correlated SARA
GAIT/POSTURE 

sub-scale scores with muscle 

force (MF) Z-scores. The correlations between SARA
GAIT/POSTURE 

scores and muscle force Z-scores 

construct validity of sara scores
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were subsequently stratified for EOA subgroups with and without comorbid myopathy. To 

evaluate the potential influence by myopathy and myoclonus on the SARA
GAIT/POSTURE

 scores, we 

calculated the relative contribution of SARA
GAIT/POSTURE 

to the total SARA scores
 
(i.e. SARA

GAIT/POSTURE
 

%sub-score = [median gait score/median total score] x 100%), and we compared outcomes 

between myopathic versus non-myopathic and myoclonic versus non-myoclonic subgroups. 

For further insight, we also compared the SARA
KINETIC

 sub-score percentages (i.e. SARA
KINETIC

 %sub-

score = [median kinetic score/median total score] x 100%) between all subgroups.

Statistical analysis
We performed statistical analysis using SPSS statistics 22.0. We determined normality of age, 

time differences between assessments, median SARA scores, ASMK scores, PBS scores, GFMCS-

E&R scores, AS scores and MF Z-scores both graphically and by the Shapiro-Wilk test. Correlation 

results were interpreted by the Evans criteria (< .20 very weak; .20 to .39 weak; .40 to .59 moderate; 

.6 to .79 strong and .8 to 1 as very strong).30 All statistical tests were two-sided. p-values < .05 

were considered as statistically significant. We applied the Bonferroni correction to adjust the 

p-value for multiple comparisons on the same data. 

RESULTS

Scale descriptives and inter-observer agreement
For descriptives of SARA, ASMK, PBS, GMFCS-E&R and MF scores, see Table III. The included 

patients revealed a binary distribution of ASMK scores (ASMK scores 1 and 3), corresponding 

with ambulant and non-ambulant function, respectively. There was no association between 

cross-sectional SARA scores and age or disease duration (Spearman”s Rho, r
s
=.110; p= .58 and 

r
s
=-.108; p= .59, respectively). The inter-observer agreement (ICC) of SARA

GAIT/POSTURE
, SARA

TOTAL
 and 

SARA
KINETIC

 was high (.97; .97 and .88, respectively). 

Convergent validity
SARA

GAIT/POSTURE 
and SARA

TOTAL
 scores were (very) strongly associated with ASMK, PBS, GMFCS- E&R, 

SARA
KINETIC

 and AS scores; see Table IV and Figure 1. For comparison of SARA scores between the 

ambulant subgroup (AMSK score 1) and the non-ambulant subgroup (AMSK score 3), see Table 

V. SARA
GAIT/POSTURE 

sub-analysis for active balance (SARA
WALKING

) and passive balance (SARA
STANCE

/

SITTING
) revealed high correlations: 1. between SARA

WALKING
 items and ASMK scores, and 2. between 

SARA
STANCE

/
SITTING 

and PBS scores (Spearman’s Rho: r
s
 = .867 and r

s
 = .917, respectively; p<0.001). 

SARA
GAIT/POSTURE 

was also correlated with SARA
KINETIC

 (kinetic function of the upper and lower limbs; 

r
s
=.726; p<.001) and with AS (kinetic function of the upper limbs; r

s
= .609; p=.002). See Table IV 

and Figure 1. 
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Table IV: Correlations between SARA scores and other measurements of coordination.

SARAGAIT/POSTURE SARATOTAL ASMK PBS GMFCS 
E&R SARAKINETIC

# AS

SARA
GAIT/POSTURE

- .935* .815* -.943* -.862* .726* .609*

SARA
TOTAL

.935* - .772* -.911* .767* .887* .805*

ASMK .815* .772* - -.817* .848* .474 .489

PBS -.943* -.911* -.817* - -.870* -.685* -.640*

GMFCS-E&R -.862* .767* .848* -.870* - .510 .461

SARA
KINETIC

# .726* .887* .474 -.685* .510 - .846*

AS .609* .805* .489 -.640* .461 .846* -

Legend: SARA
TOTAL

 = total score of the Scale for Assessment and Rating of Ataxia; SARA
GAIT/POSTURE

 = SARA gait and posture sub-
scales; ASMK = Ataxia Severity Measurement according to Klockgether; PBS = Pediatric Balance Scale; GMFCS- E&R = Gross 
Motor Function Classification Scale – extended and revised version; AS = Archimedes Spiral; # = Scores are normally distributed; 
values represent Spearmans Rho; *Correlations are considered statistically significant with p≤.002 (Bonferroni correction for 21 
comparisons). SARA

GAIT/POSTURE 
and SARA

TOTAL
 correlated strongly with other parameters for coordination measurement.

Table V:  SARA scores and muscle force in ambulant and non-ambulant patients

ambulant (n=19)# non-ambulant (n=9)# p-value

Group comparisons between SARA scores

SARA
TOTAL

  Median (p25-p75)
  Min-Max

9.5 (8-14.8)
5-21.5

29.8 (23-30.8)
18.5-34.5

<.001***

SARA
GAIT/POSTURE

  Median (p25-p75)
  Min-Max 

4 (3.5-6)
3-9

16 (14-18)
12-18

.014*

Correlation between SARA and Muscle Force

SARA
Total

-MF
Total

-.867** .013 n.a.

SARA
GAIT/POSTURE

-MF
LE

-.796 * -.056 n.a.

SARA
GAIT/POSTURE

-MF
Prox^

-.516 -.011 n.a.

Legend: Group comparison of SARA scores between ambulant and non-ambulant patients Correlation coefficient 
(Spearman’s Rho) between SARA scores and muscle force in ambulant and non-ambulant patients. SARA

TOTAL
= total SARA 

score; SARA
GAIT/POSTURE 

= SARA gait sub-score; MF=muscle force; LE= lower extremities; Prox = proximal muscles; * p<.05; **p<.01; 
***p<.001 (Mann-Whitney U test); n.a.= not applicable; ambulant and non-ambulant patients revealed a binary AMSK-score 
distribution of 1 and 3, respectively.
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Figure 1: Correlation between SARA
GAIT/POSTURE

 sub-scores and ASMK, PBS scores, GMFCS- E&R, 
SARA

KINETIC 
and Archimedes Spiral

Legend: The x-axis indicates ASMK scores (A), PBS scores (B), GMFCS-ER classification (C), SARA
KINETIC 

scores (D), AS scores (E). 
The y-axis indicates the SARA

GAIT/POSTURE
 scores (A-E). SARA

GAIT/POSTURE
 scores were associated with ASMK, PBS scores, GMFCS-

E&R, SARA
KINETIC

 and Archimedes Spiral scores. SARA = Scale for Assessment and Rating of Ataxia; ASMK = Ataxia Severity 
Measurement according to Klockgether; PBS = Pediatric Balance Scale; GMFCS- E&R = Gross Motor Function Classification 
Scale-the extended and revised version; AS = Archimedes Spiral.

Discriminant validity 

Association between SARA scores and muscle force 

In the total EOA group, SARA
GAIT/POSTURE 

and SARA
TOTAL

 revealed strong correlations with muscle 

weakness of the lower extremities (MF
LE

) and proximal muscles (MF
PROX)

 (MF
LE

 and MF
PROX

). In 

the “myopathic” subgroup, SARA
GAIT/POSTURE

 and SARA
TOTAL 

revealed very strong correlations with 

muscle weakness of the lower extremities. For all r- values, see Table VI and Figure 2. 

Table VI: Correlations between SARA scores and Muscle Force

Total Group EOAMYOPATHIC EOANON-MYOP

r-values r-values r-values

SARA
Total

-MF
Total^

-.719** -.903** -.308

SARA
GAIT/POSTURE

-MF
LE^

-.724** -.882* -.320

SARA
GAIT/POSTURE

-MF
Prox^

-.690** -.894** -.248

SARA
KINETIC#

-MF
UE#

 -.574* -.619 -.410

SARA
KINETIC#

 -MF
Prox^

-.516 -.564 -.293

Legend: EOA
MYOPATHIC

= EOA with reported comorbid myopathy; EOA
NON-MYOP

= EOA with absent comorbid myopathy 
(EOA

MYOCLONUS
 + EOA

OTHER
); MF= muscle force; LE= lower extremities; UE= upper extremities; Prox = proximal muscles; SARA

TOTAL
= 

total SARA score; SARA
GAIT/POSTURE 

= SARA gait sub-score; SARA
KINETIC 

= SARA kinetic sub-scores; # = Scores are normally distributed; 
^ =Spearmans Rho (r-value =r

S
-value); Correlations are considered statistically significant with p< .01 (Bonferroni correction 

for 5 comparisons). *= p<.01. ** = p<.001. In the EOA
MYOPATHIC

 subgroup, SARA
TOTAL

 and SARA
GAIT/POSTURE

 scores correlate with MF. 
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Figure 2: Correlation between SARA scores and muscle force (MF) in EOA patients

Legend: Figures (A) and (D) represent outcome data in all
 
patients.

 
Figures (B) and (E) represent outcome data in non-

myopathic patients. Figures (C) and (F) represent outcome data in myopathic patients. Orange markers represent patients 
with abnormal muscle ultrasound characteristics (by expert opinion). (A,B,C): the x-axis indicates MF

TOTAL
 z-scores; the y-axis 

indicates SARA
TOTAL

 scores. (D,E,F): the x-axis indicates MF
LE

 z-scores; the y-axis indicates SARA
GAIT/POSTURE

 scores. r
s 
values are 

presented in case of significant correlations. SARA = Scale for Assessment and Rating of Ataxia; MF= Muscle Force; LE= lower 
extremities. In heterogeneous early onset ataxia patients, the association between SARA scores and muscle force is attributed 
to outcomes of myopathic patients.

In the myopathic subgroup, we controlled whether dynamometry and MU assessments 

corresponded with myopathic pathology (see Table VII). MU analysis revealed pure myopathic 

changes in 60% and combined myopathic/neurogenic changes in 30%. In the non-myopathic 

subgroup, the above mentioned correlations with muscle weakness were absent. This group 

revealed one child with neuropathic alterations and substantial muscle weakness, revealing a 

similar association between SARA
GAIT/POSTURE 

scores and muscle weakness as the myopathic group. 

For subgroup correlations, see Table VI and Figures 2A-F. 

Table VII: Muscle Ultrasound Abnormalities in myopathic and non-myopathic patients

EOAMYOPATHIC (n=10) EOANON-MYOP (n=14)

Myopathic muscle abnormalities n=6 (60%)

Neurogenic muscle abnormalities n=4 (29%)*

Combined myopathic/neurogenic 
muscle abnormalities

None of the above

n=3 (30%)  

n=1 (10%) n=10 (71%)

Legend: MU= Muscle ultrasound abnormalities of the lower extremities (of quadriceps and tibialis anterior muscles) 
EOA

MYOPATHIC
= EOA with reported comorbid myopathy; EOA

NON-MYOP
 = EOA with absent comorbid myopathy (EOA

MYOCLONUS
 + 

EOA
OTHER

); *Corresponding diagnoses were: ataxia telangiectasia (n=1). Nieman Pick’s disease (n=1) and unknown (n=2). 
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Association between SARA scores, myopathy and myoclonus

Comparing EOA subgroups, revealed the highest %contribution of the SARA
GAIT/POSTURE 

to the 

SARA
TOTAL

 (i.e. SARA
GAIT/POSTURE 

/ SARA
TOTAL

 x 100%) in the myopathic subgroup (Mann Whitney U, 

p=.038), see Figure 3. Comparing the %contribution of the SARA
GAIT/POSTURE 

to SARA
TOTAL

 between 

myoclonic versus non-myoclonic subgroups, revealed a significantly lower %contribution of the 

SARA
GAIT/POSTURE 

in the myoclonic subgroup (Mann Whitney U, p=.018), see Figure 3. Conversely, 

we observed the highest %contribution of the SARA
KINETIC

 to SARA
TOTAL

 (i.e. SARA
KINETIC 

/ SARA
TOTAL

 

x 100%) in the myoclonic subgroup (Mann Whitney U, p=.028), see Figure 3. For subgroup 

comparisons between myoclonic, myopathic and other (non-myoclonic and non-myopathic), 

see Figure 4.

Figure 3: Influence of myopathy and myoclonus on SARA %sub-scores

Legend: The x-axis represents the EOA phenotypes (myopathic versus non-myopathic, and myoclonic versus non-myoclonic). 
The y-axis represents the median SARA

GAIT/POSTURE
 %sub-score (i.e. [SARA

GAIT/POSTURE
 sub-score/median total score] x 100%, Figure 

A and C); and the median SARA
KINETIC

 %sub-score (i.e. [median SARA
KINETIC

 score/median total score] x 100%, Figure B and D). 
Boxes represent lower quartile, median and upper quartile; whiskers represent the minimum and maximum relative %sub-
score. SARA

GAIT/POSTURE=
 SARA gait and posture sub-score; SARA

KINETIC
= SARA kinetic sub-score. Comparing the %contribution 

of the SARA
GAIT/POSTURE 

to SARA
TOTAL

 between myopathic versus non-myopathic subgroups, revealed a significantly higher 
%contribution of the SARA

GAIT/POSTURE 
in the myopathic subgroup (A), whereas the %contribution of the SARA

KINETIC 
was not 

significantly different between both groups (B). Comparing the %contribution of the SARA
KINETIC

 to SARA
TOTAL

 between 
myoclonic versus non-myoclonic subgroups, revealed a significantly higher %contribution in the myoclonic subgroup (C), 
whereas the %contribution of the SARA

GAIT/POSTURE 
revealed a significantly lower %contribution in the myoclonic subgroup (D).
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Figure 4: Comparison of relative SARA %sub-scores between comorbidity subgroups

Legend: The x-axis represents the EOA phenotypes (myopathic, myoclonic and other (non-myopathic and non-myoclonic)). 
The y-axis represents: (A) the median SARA

GAIT
 %sub-score (i.e. [SARA

GAIT
 score/median total score] x 100%) and (B) the median 

SARA
KINETIC

 %sub-score (i.e. [median SARA
KINETIC

 score/median total score] x 100%. Boxes represent lower quartile, median and 
upper quartile; whiskers represent the minimum and maximum relative %-sub-score. SARA

GAIT/POSTURE
= SARA gait and posture 

sub-score; SARA
KINETIC

= SARA kinetic sub-score.

DISCUSSION

In children and young adults with EOA, we aimed to investigate the construct validity of SARA
GAIT/

POSTURE 
sub-scores. SARA

GAIT/POSTURE 
sub-scores revealed a high inter-observer agreement (ICC) and 

were strongly associated with other quantitative scales for coordinative motor function, such as: 

active and static balance (ASMK, PBS), kinetic limb performances (SARA
KINETIC

, AS) and total ataxia 

scores (SARA
TOTAL

). Furthermore, we also observed a strong correlation between SARA
GAIT/POSTURE 

sub-scores and the classification levels of the GMFCS (E&R, which is originally designed for the 

assessment of functional motility in children with cerebral palsy).21,22 The discriminant validity 

of the SARA
GAIT/POSTURE 

sub-scale between the measurement of ataxia and comorbidity factors 

(muscle weakness and myoclonus) was incomplete. In children and young adults with EOA, we 

conclude that SARA
GAIT/POSTURE 

scores are reliable. However, SARA
GAIT/POSTURE 

parameters discriminate 

insufficiently between the influence by ataxia and muscle weakness. This implicates that gait 

and posture scores should be interpreted in homogeneous EOA subgroups that take comorbid 

muscle weakness into account. 

In previous EOA studies, we have shown that tools for the assessment of ataxic gait may 

contribute to the early recognition of indisputable EOA in young patients.1 Furthermore, well-

validated clinical biomarkers for EOA gait and posture assessment are useful for the evaluation of 

pediatric treatment strategies, targeting at the training of core-muscle function.4,5 In the present 

study, we observed an excellent inter-observer agreement (ICC) on SARA
GAIT/POSTURE

 sub-scores, 

which was in the same range as SARA
TOTAL

 and SARA
KINETIC

 sub-scores. These SARA
TOTAL

 outcomes 

are in agreement with previously published ICC data in adult patients with predominantly AOA 

phenotypes.8 
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We determined convergent validity of SARA
GAIT/POSTURE 

sub-scores under the premise that 

all ataxic gait parameters for walking, standing and balancing would depend on the same 

integrated cerebellar processing of sensory, visual and vestibular signals16 with upper- & lower- 

limb and trunk motor performances.17,18 We thus hypothesized that the construct validity of 

SARA
GAIT/POSTURE 

could be reflected by the association with other coordinative motor function tests 

requiring cerebellar integration of multimodal signals. Accordingly, we observed that SARA
GAIT/

POSTURE 
sub-scores were strongly associated with the tested parameters for coordinated motor 

function. The SARA
GAIT/POSTURE 

items for active and passive balance were strongly related with 

ASMK and PBS scores and also with GFMCS classifications, implicating that the closely associated 

test objectives have a functional significance. Furthermore, SARA
GAIT/POSTURE 

scores were also 

correlated with kinetic functions of the upper and lower extremities, which can be understood 

by the fact that gait kinetics (including arm swing, turning, balance and tandem -stance and 

-gait performances) also require accurate limb kinetics. Finally, SARA
GAIT/POSTURE

 scores appeared 

strongly associated with SARA
TOTAL

 scores. Although correlated, SARA
GAIT/POSTURE 

and AS scores 

revealed the lowest correlation. In perspective of the differences in tested cerebellar domains 

(vermis vs hemispheres) and the differences regarding motor function tasks (gross versus fine 

motor function tasks), the lower correlation is in accordance with our expectations. As focal 

cerebellar damage was excluded from the present study group inclusion, one could attribute 

the above mentioned correlations between different cerebellar domains and/or motor function 

tasks to global functional pathology of the cerebellum. In young, ataxic EOA patients without 

focal cerebellar lesions, these results may thus implicate that SARA
GAIT/POSTURE 

scores can provide a 

global impression of the total ataxia severity. When ambulant EOA children without focal lesions 

are too young (< 4 years of age) or lack the motivation and/or concentration to complete all 

SARA motor task performances, SARA
GAIT/POSTURE 

parameters could theoretically provide a fast 

and easy biomarker to estimate ataxia progression. Altogether, in children and young adults 

with distinct EOA features, SARA
GAIT/POSTURE 

can reliably measure “ataxic” gait severity and may also 

provide a global impression of the total ataxia severity. 

We obtained the above mentioned results under the premise that SARA and other 

coordination scales measure the same objective. However, as already stated for the AS, this is not 

necessarily correct, as the other biomarkers (such as for active and passive balance, and kinetic 

function) may measure more than the objective “ataxia”, alone. This implicates that other factors 

than ataxia could theoretically influence SARA
GAIT/POSTURE 

scores. For instance, in previous studies, 

we have shown that the age of the child (i.e. cerebellar maturation) has an influence on SARA 

scores.9,13 Although mean age-related effects are comparatively small in relation to pathologic 

SARA scores in ataxic patients, the Childhood Ataxia and Cerebellar Group of the European 

Pediatric Neurology Society has recently shown that children younger than eight years of life 

can also reveal considerable variation in SARA
TOTAL 

scores, which may affect the interpretation 

of the longitudinal scores.31 However, as the variation of SARA
GAIT/POSTURE 

sub-scores in young 

children appeared much smaller,31 one could use the SARA
GAIT/POSTURE 

sub-scale as an internal 

construct validity of sara scores

5



82

control to discriminate between physiological age-related and ataxia effects on the SARA
TOTAL

 

scores. To elucidate the SARA
GAIT/POSTURE 

test construct, we also investigated the potential effects 

of comorbidity factors on the SARA
GAIT/POSTURE 

sub-scores. SARA
GAIT/POSTURE 

and SARA
TOTAL 

scores 

revealed an incomplete discriminant validity between ataxia and comorbid “muscle weakness”. 

Although this does not automatically implicate a causal relationship, absence of a relationship 

between muscle weakness and SARA
GAIT/POSTURE 

and SARA
TOTAL 

scores cannot be assumed, either. 

For instance, when the child has difficulties to raise an arm against gravity, or when the child 

has just sufficient muscle force to walk with support, muscle weakness is likely to affect the 

scores. Furthermore, in case of limiting muscle weakness to execute the SARA rating scale task, 

maximal scores should be given. In the latter case, ataxia itself has not determined the score, but 

limiting muscle weakness instead. This implicates that the discriminant validity of SARA 
GAIT/POSTURE

   

sub-scores between muscle weakness and ataxia is incomplete.

Analyzing the patient inclusion of the myopathic EOA cohort, revealed a majority of patients 

with Friedreich Ataxia (FA). This underpins our previously reported study data on the association 

between muscle weakness and ataxia scores in FA children.14 Interestingly, in another FA cohort, 

this association between SARA scores and muscle weakness was not reported.32 However, in 

the latter study, muscle force Z-scores were not available, implicating that exact correlations 

cannot be made. Furthermore, one should be aware that correlations between muscle weakness 

and SARA scores would require patient subgroups with sufficient variety in muscle force. For 

example, in homogeneous EOA groups with normal physiological muscle strength, the influence 

by muscle weakness on SARA scores would not be addressed. Similarly, in homogeneous EOA 

groups with severely progressed muscle weakness (represented by non-ambulant patients), 

plateauing SARA scores would also obscure an association with muscle weakness. These results 

implicate that it is advisable to obtain SARA
GAIT/POSTURE 

scores in homogeneous EOA subgroups 

and to stratify outcomes for substantial variations in muscle weakness. Finally, we investigated 

the EOA influence of comorbid myoclonus on SARA
GAIT/POSTURE 

sub-scores. In the comorbid 

myoclonus subgroup, the percentage (%) contribution of SARA
GAIT/POSTURE 

to SARA
TOTAL 

scores 

was low compared to non-myoclonus subgroup, reflecting a negative effect. Interestingly, 

the percentage (%) contribution of SARA
KINETIC

 to SARA
TOTAL 

scores was high in the comorbid 

myoclonus subgroup, compared to non-myoclonus subgroup, implicating a predominant effect 

of comorbid myoclonus on SARA
KINETIC

, instead of SARA
GAIT/POSTURE 

scores. As myoclonic jerks in 

GOSR2 patients may start at the upper extremities and increase during intended kinetic limb 

movements, these findings are understandable. 

We are aware that this study has several limitations. First, the EOA patients fulfilling the 

requirements for patient inclusion are rare, implicating that the number of patients was limited. 

However, as the present data are obtained in a specialized movement disorder center over a 

study period of five years (with an inclusion rate of 100%), investigation of a larger patient cohort 

will not easily be accomplished. Second, we realize that statistically significant correlations do 

not necessarily implicate causality.33 But, as significant correlations between SARA
GAIT/POSTURE 
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sub-scores and muscle force were consistently absent in patients without muscle force loss, 

our findings do not reject causality, either. Third, to avoid an unacceptable test burden and 

exhaustion for the patients, we planned different tests during successive medical visits to our 

outpatient clinic (Table II). However, as latent time intervals between tests would only exert a 

negative influence on the correlations, the positive inter-correlations between SARA
GAIT/POSTURE 

and other
 
ataxia biomarkers cannot be attributed to it. Fourth, we cannot exclude that other, 

yet unexplored confounders may also exist (such as neuropathy, concentration, behavior 

and tiredness). Altogether, in the perspective of the presented findings, we conclude that  

SARA
GAIT/POSTURE 

scores are associated with muscle force loss. In EOA patients with comorbid 

myopathy, it appears prudent to interpret SARA
GAIT/POSTURE 

scores for the severity of muscle 

weakness. 

In conclusion, the inter-observer agreement and convergent validity of SARA
GAIT/POSTURE 

scores 

in EOA patients are high, implicating the reliability of the scores. Regarding the incomplete 

discriminant validity of the scores, it is advisable to interpret SARA
GAIT/POSTURE 

scores for comorbid 

muscle weakness.
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ABSTRACT

Aim: To determine whether ataxia rating scales are reliable disease biomarkers for “Early Onset 

Ataxia (EOA)”.

Methods: In 40 clinically identified EOA patients [15 (5–34) years; mean (range)], we determined 

inter- and intra-observer agreement (Intraclass Correlation Coefficient (ICC)) and discriminant 

validity of ataxia rating scales (ICARS, SARA and BARS). Three pediatric neurologists independently 

scored videotaped ICARS, SARA and BARS performances and also phenotyped the primary 

and secondary movement disorder features. When ataxia was the primary movement disorder 

feature, we assigned patients to the subgroup “EOA with core ataxia” (n=26). When ataxia 

concurred with other prevailing movement disorders (such as dystonia, myoclonus and chorea), 

we assigned patients to the subgroup “EOA with comorbid ataxia “ (n=12). 

Results: ICC values were similar in both EOA subgroups of “core” and “comorbid” ataxia (.92 - .99; 

ICARS, SARA and BARS). Independent of the phenotype, the severity of the prevailing movement 

disorder predicted the ataxia rating scale scores (β .83–.88; p <.05)).

Interpretation: In EOA patients, the reliability of ataxia rating scales is high. However, the 

discriminant validity for “ataxia” is low. For adequate interpretation of ataxia rating scale scores, 

application in uniform movement disorder phenotypes is essential.
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INTRODUCTION

“Early Onset Ataxia (EOA)” concerns a group of rare, predominantly genetic and metabolic 

ataxic disorders, manifesting before the 25th year of life.1-3 This diagnostic group covers a wide 

heterogeneity of disorders regarding age of onset, inheritance and underlying pathogenesis. 

Consequently, the phenotype is also heterogeneous, involving both “EOA with core ataxia” 

(i.e. EOA with ataxia as the core symptom) and “EOA with comorbid ataxia” (i.e. EOA with 

other movement disorder features that prevail over ataxia).4 Especially in children, EOA is 

often prevalent as a combined phenotype, with concurrent features of dystonia, myoclonus, 

chorea and spasticity, that may even prevail over ataxia.4,5 Due to this heterogeneity, pediatric 

movement disorder specialists consider uniform phenotypic EOA assessment as a challenging 

task. Therefore, quantitative ataxia rating scales (ARS) are often used as additionally reproducible 

“surrogate” biomarkers for ataxia.5,6-11  

The “International Cooperative Ataxia Rating Scale” (ICARS),6 the “Scale for Assessment and 

Rating of Ataxia” (SARA)7 and the “Brief Ataxia Rating Scale” (BARS)8 are the most frequently 

applied ARS in children and adults. These ARS quantify ataxia in four domains, concerning: 1. 

posture and gait; 2. kinetic function; 3. speech; and 4. oculomotor function (exclusively BARS and 

ICARS).6-8 ICARS is considered as the most detailed, BARS as the briefest and SARA as the most 

uniformly reproducible scale.6-8,10,11 In children, we have shown that ARS are not only influenced 

by ataxia, but also by age12 and by muscle weakness (in Friedreich ataxia).13 In EOA, this could imply 

that other influences, such as concurrent movement disorders, could influence the scores as well. 

For reliable interpretation of ARS as “ataxia” biomarkers, we therefore reasoned that clarification 

of the pediatric ARS test construct would be needed first. In the present EOA study, we thus 

aimed to elucidate ARS for: 1. observer agreement and 2. discriminant validity (i.e. the potential 

to determine “ataxia severity” and not the severity of other, with ataxia concurrent movement 

disorders). Such information may support reliable data entry in international EOA databases and 

may also support the interpretation of ARS outcomes in therapeutic trials. Especially regarding 

ongoing, innovative trials in heterogeneous EOA patients, we reasoned that confounding effects 

should be identified before small fluctuations in ARS scores are over-interpreted as therapeutic 

“ataxic” improvement.12-17 

In perspective of the above, we aimed to investigate the observer agreement and discriminant 

validity of ARS in EOA patients. 

METHODS 

Patients
The medical ethical committee of the University Medical Center Groningen, the Netherlands 

approved the study. We based our sample size calculation on previously published inter-

observer agreement (intraclass correlation coefficient (ICC)) data in ataxic adults7, as data on 
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quantitative ARS scores in ataxic children are still lacking. In ataxic adults, a sample size of 36 

patients scored by three observers achieved a 90% power (beta of 0.1) to detect an ICC of 0.8 

or over the null hypothesis of a moderate ICC of 0.6, using a significance level of 0.05. Based on 

the clinical diagnosis (patient record descriptions from 1998 to 2012), we approached 40 patients 

(28 males, 12 females; mean age 15.3 (range 5 to 34) years). All patients were clinically identified 

with ataxic features before the 25th year of life and fulfilled the “classical” definition of EOA.1 We 

excluded patients with postnatally acquired focal cerebellar lesions (such as by infections, trauma, 

inflammation or cerebro-vascular attacks). In accordance with the Dutch medical ethical law, 

both legal representatives (when younger than 18 years of age) and patients (when older than 

12 years of age) consented to participate. The response rate was 100%. For clinical description of 

the included patients, see Table I. 

Methods
We video-recorded ARS performances in all 40 patients.12 Three pediatric neurologists 

quantitatively scored the videotaped test-performances according to the guidelines of ICARS, 

SARA and BARS. We determined inter-observer agreement by comparing the total and sub-scale 

scores of the three assessors. After a latent time interval of 5 (3-7) weeks, the three assessors 

repeated their ARS assessments in the first ten videotaped patients, without permission to 

review their previous scores. We determined intra-observer agreement by comparing the first 

and second scores. After a latent time interval of six months, the same assessors phenotyped 

the video-taped test-performances for the presence of ataxia and/or other movement disorders 

(i.e. ataxia, dystonia, chorea, myoclonus, tremor, spasticity and “sloppiness”), either as the primary 

or as the secondary feature. We subsequently assigned patients to an EOA subgroup with “core 

ataxia” when: 1. all three assessors independently recognized ataxia as the primary movement 

disorder, or when 2. all three assessors had independently confirmed the presence of ataxia 

and when the underlying diagnosis (genetically and/or metabolically) confirmed an ataxic 

phenotype. We assigned patients to an EOA subgroup with “comorbid ataxia” when the criteria 

for the EOA subgroup “core ataxia” were not met and when ataxia was observed (by at least one 

observer) as a concurrent feature with other movement disorders. 

The assessors indicated the perceived severity of the movement disorder (i.e.: mild (1), 

moderate (2) or severe (3)). To check for the reliability of these assessments, we compared the 

perceived severity between the participating assessors and four other members of the UMCG 

movement disorder team (who had not rated the ARS), revealing a significant association (Chi-

square test; p <0.01).5 For global data interpretation of phenotypic ataxia severity assessment, 

we also compared phenotypic ataxia severity outcomes with the ataxia severity grading system, 

proposed by Klockgether et al.: i.e. stage 0= no gait difficulties; stage 1= gait difficulties; stage 

2= loss of independent gait with permanent use of a walking aid; stage 3= confinement to a 

wheelchair; stage 4= dead.18 
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Table I: Patient Characteristics 

“EOA with core 
ataxia” (n=26)

“EOA with comorbid 
ataxia” (n =12) p-value

Age (years)

    Range 6 – 34 5 – 18

    Mean (95% CI) 16.9 (13.6 – 20.1) 12.0 (9.6 – 14.5) p=.112§

Gender

    M/F (%) 18/8 (69/31) 10/2 (83/17) p=.453 #

Disease duration (years)

    Range 3 – 25 0.5 – 15

    Mean (95% CI) 12.1 (9.4 – 14.8 ) 7.5 (4.5 – 10.5) p= .096$

Ataxia severity*

    Range 0 – 3 0 – 3

    Median 2 1 p=.436#

Movement disorder severity

    Range 1 – 3 1 – 2

    Median 2 1 p=.040#

ICARS score

    Range 3 – 81 4 – 36

    Mean (95% CI) 41.9 (33.1 – 50.8) 18.1 (11.4 – 24.7) p= .001§

SARA score

    Range 0.7 – 33.8 1.2 – 14.2

    Mean (95% CI) 16.6 (12.8 – 20.4) 6.6 (3.9 – 9.2) p= .001§

BARS score

    Range 0.7 – 26.3 1 – 10.5

    Mean (95% CI) 13.2 (10.2 – 16.3) 5.7 (3.6 – 7.5) p= .001§

Legend:§= Mann-Whitney U test; $ = Student t-test; # = Chi square test;  95% CI = 95% confidence interval; ICARS = International 
Cooperative Ataxia Rating Scale; SARA = Scale for Assessment and Rating of Ataxia; BARS = Brief Ataxia rating scale. 
Underlying diagnoses in the “EOA with core ataxia” subgroup were: Friedreich ataxia (FRDA) (n= 7), Niemann Pick type C 
(n=1), Ataxia with vitamin E deficiency (AVED) (n=3), NARP-mutation (n=1), Ataxia Telangiectasia (n=1), Kearns Sayre syndrome 
(n=1), North Sea Myoclonus (GOSR2-mutation) (n=4), 2-methyl-3-hydroxybutyryl-CoA-hydrogenase deficiency (MHBD) (n=1), 
Joubert syndrome (KIAA0586 mutation) (n=1), CACNA1A mutation (n=1) and unknown causes (n=5). Underlying diagnoses 
in the “comorbid EOA” subgroup were: Benign hereditary chorea (TIFF1-mutation) (n=1), Huntington disease (n=1), cerebellar 
malformation (n=1), Chediak Higashi syndrome (n=1), Spastic paraplegia type 11(SPG-11 mutation) (n =1), CTNNB1 mutation (n 
=1), ataxic cerebral palsy (n=1), congenital CMV infection (n=1), functional disorder (n=1), spinocerebellar ataxia type 29 (n =2) 
and unknown causes (n=1). *Ataxia severity grading system proposed by Klockgether et al.18 

Statistical analysis
We performed statistical analysis by PASW Statistics 20 for Windows. We determined mean 

ICARS, SARA and BARS total scores from the quantitative assessments by the three assessors. 

We also determined ARS total scores per primary movement disorder and median phenotypic 

ataxia scales in early onset ataxia

6



92

severity of the primary movement disorder by the three assessors. We assessed normality of 

age, disease duration and ARS total scores, by probability plots (Q-Q plots). We compared the 

ARS scores between EOA patients with “core ataxia” and EOA patients with “comorbid ataxia” by 

student t-test (in case of non-normality by Mann-Whitney U test). 

We calculated the percentage of the sub-scale score compared to the total score by: sub-

scale score/total ARS score x100% and we compared outcomes between both EOA subgroups. 

We determined inter- and intra-observer agreement by Intraclass Correlation Coefficient (ICC). 

We used the two-way random single measurement variant for the inter-observer agreement 

and the one-way single measurement variant for the intra-observer agreement19. According to 

Cicchetti,20 official cut offs for qualitative rating of ICC values are as follows: ICC<0.40: poor; 0.40-

0.59: fair; 0.60-0.74: good; 0.75-1.00: excellent. For uniformity reasons with previously published 

data,5,12 we also interpreted outcomes by Landis and Koch criteria21, which are originally described 

for categorical data. According to Landis and Koch we characterized ICC outcomes by: ICC<0.20: 

slight; 0.21-0.40: fair; 0.41-0.60: moderate; 0.61-0.80: substantial; >0.81: almost perfect.

We determined the correlation between the ARS outcomes by Pearson coefficient (in case of 

non-normality we used Spearman rho coefficient). We determined the correlation between the 

ataxia severity grading system proposed by Klockgether et al.18 and the phenotypic severity of 

the movement disorder and we also correlated outcomes with total ARS scores by Spearman rho 

coefficient. In perspective of previously reported ARS age-dependency in healthy children, we 

compared the pediatric EOA scores with these historic age-related mean control values, by Mann-

Whitney U test.12 To determine the discriminant validity of ARS for ataxia severity, we determined 

the association between the primary movement disorder features (i.e. ataxia, dystonia, myoclonus, 

chorea, spasticity, tremor and “sloppiness”) and the total ARS scores by the Kruskall-Wallis test. 

We performed a multiple regression analysis to determine the effect of age, gender, disease 

duration, primary movement disorder feature and the severity of the primary movement disorder 

feature on the total ARS scores. Since ARS are specifically designed to reflect ataxia severity, we 

deliberately included semi-quantitative information about the perceived phenotypic severity of 

the most dominant movement disorder (including other movement disorders then ataxia) in our 

model. We applied a stepwise regression analysis with forward selection starting with age12 and 

we explored which variables would have added predictive value over and above variables already 

in the model.22 All statistical tests were two-tailed. Statistical significance was set at p <.05. 

RESULTS

Patient characteristics
There were no missing data. In two of the 40 included patients, none of the assessors recognized 

ataxia as part of the movement disorder. These two patients (diagnosed with DYT-6 and SPG11) 

were therefore excluded from further analysis. Forthcoming “EOA” data are thus obtained in the 

remaining 38 patients. Subdivision in EOA subgroups with “core ataxia” and “comorbid ataxia” 

chapter 6

6



93

revealed 26 [26/38; (68.4%)] patients in the first group and 12 [12/38; (32.6%)] patients in the latter 

group. For patient characteristics, see Table I. Probability plots revealed normally distributed disease 

duration. Age and the total ARS scores (ICARS, SARA and BARS) were not normally distributed. 

Comparing age (17 versus 12 years) and disease duration (12.1 versus 7.5 years) between “EOA 

with core ataxia” and “EOA with comorbid ataxia” revealed no significant difference (p=.112 and 

p = .096, respectively). Comparing the ataxia severity grading system proposed by Klockgether 

et al18 between both EOA subgroups revealed no significant differences (p= .436). Comparing the 

phenotypic movement disorder severity grading system between both EOA subgroups, revealed 

a higher movement disorder severity in the EOA subgroup with “core ataxia” compared to the EOA 

subgroup with “comorbid ataxia” (p = .040). Total ICARS, SARA and BARS scores were significantly 

higher in EOA with “core ataxia” than in EOA with “comorbid ataxia” (p =.001 for ICARS, SARA and 

BARS), see Table I. In 21/26 EOA patients (80.7%) with “core ataxia”, all three assessors recognized 

ataxia as the primary movement disorder feature. The remaining 5/26 EOA patients (19.3%) were 

assigned to the “core ataxia” subgroup by the underlying genetic or metabolic diagnosis (AVED 

n=2; GOSR2 mutation n=3). In all of these five patients, two of the three assessors recognized ataxia 

as the primary movement disorder feature, and one assessor recognized ataxia as a secondary 

movement disorder feature. Total ARS scores were similar between the two EOA “core ataxia” 

subgroups (i.e. either identification by all three assessors or identification by two assessors and the 

underlying diagnosis (p =.753, p=.659 and p=.613 for ICARS, SARA and BARS respectively).

Table II: Percentage (%) of ataxia rating scales (ARS) sub-scale scores in EOA subgroups with “core 
ataxia” and “comorbid ataxia” 

EOA with core ataxia EOA with comorbid ataxia
ICARS total score 41.89 18.03
    Gait 41% 39%

    Kinetic 47% 51%

    Speech 7% 9%

    Oculomotor 5% 1%

SARA total score 16.59 6.56
    Gait 51% 43%

    Kinetic 37% 42%

    Speech 12% 15%

BARS total score 12.97 5.65
    Gait 29% 26%

    Kinetic 50% 54%

    Speech 13% 18%

    Oculomotor 8% 2%

Legend: %ARS sub-scores per EOA subgroup. Percentage of ARS sub-scales are calculated by the formula: sub-scores/total 
scores x 100%. For each ataxia rating scale, we provide outcomes (mean total score and sub-scale-score). EOA with comorbid 
ataxia tended to reveal a slightly higher %kinetic function and a slightly lower %gait function than EOA with core ataxia, 
although the level of significance was not reached.
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ARS sub-scales in EOA patients
ARS sub-scale scores were not significantly different between EOA subgroups with “core ataxia” 

and “ comorbid ataxia”, see Table II. 

Reliability of ARS in EOA patients
The quantitative ARS scores were characterized by an inter-observer agreement (ICC) of: .969, 

.977 and .913 (for ICARS, SARA and BARS respectively; all p < .001 (i.e. excellent and almost perfect, 

according to Cicchetti and Landis, respectively)).20,21 The ICC of the sub-scales varied between 

.705 and .982 (for ICARS, SARA and BARS; all p<.001 (good to excellent and substantially to nearly 

perfect, according to Cicchetti and Landis, respectively)).20,21 The ARS intra-observer agreement 

(ICC) varied between .966 and .994 (all p<.001; i.e. excellent and nearly perfect according to 

Cicchetti and Landis, respectively),20,21  see  Table III.

Table III: ICC’s for ataxia rating scale (ARS) scores

Inter-observer agreement* Intra-observer agreement§

Total “EOA with 
core ataxia”

“EOA with 
comorbid ataxia” Median (range)

ICARS total .969 .967 .895 .994 (.953 - .995) 

    Gait .982 .986 .923 .992 (.976 - .997)

    Kinetic .918 .913 .836 .986 (.929 - .990)

    Speech .818 .827 .644 .807 (.695 - .849)

    Oculomotor .771 .768  .357# .757 (.686 - .922)

SARA total .977 .977 .891 .992 (.947 - .992)

    Gait .982 .979 .951 .990 (.979 - .995)

    Kinetic .906 .902 .711 .948 (.896 - .976)

    Speech .866 .864 .833 .856 (.640 - .864)

BARS total .913 .917 .595 .966 (.957 - .980)

    Gait .958 .973 .828 .971 (.957 - .992)

    Kinetic .782 .784 .544 .926 (.900 - .960)

    Speech .807 .820 .666 .938 (.625 - .954)

    Oculomotor .705 .710  .206$ .550 (.386 -  1.00)

Legend: ICC = Intra-class Correlation Coefficient; Inter-observer agreement subdivided according to total, “EOA with core 
ataxia” and “EOA with comorbid ataxia”.  * = significant with p<.001; § = significant with p <.005; # p = .024; $ p = .120

Discriminant validity of ARS in EOA patients
All three ARS were strongly correlated (r

s
: .988, .958 and .941, for ICARS and SARA; ICARS and 

BARS; SARA and BARS, respectively (all, p <.001)). The ataxia severity grading system proposed by 

Klockgether et al18 was moderately (r
s
: .450-.476, p<.001) and the phenotypic movement disorder 

severity grading system was strongly correlated (r
s
: .775-.801, p<.001) with total ARS scores. The 
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ataxia severity grading system proposed by Klockgether et al.18 and the phenotypic movement 

disorder severity grading system were also signifi cantly correlated with each other (r
s
: .513; 

p=.001). Comparing quantitative ARS scores between included EOA children (< 18 years of age; 

n=25) and historic age-related mean control values,12 revealed signifi cantly higher ARS scores in 

the EOA children (p<.001 for ICARS, SARA and BARS), see fi gure 1.

Figure 1: Ataxia rating scales (ARS) scores according to age, in EOA- and healthy control children

Legend: The x-axis indicates the children’s age in years. The y-axis indicates ARS scores, involving ICARS (a), SARA (b) and BARS 
(c) scores, respectively. The blue dots represent individual outcomes in EOA-children (n=25; ≤18 years of age), connected by 
the blue linear regression line. The red dots represent individual outcomes in healthy control children (derived from Brandsma 
et al. 2014),12 connected by a red one phase decay trend line. Outcomes reveal signifi cantly higher total ARS scores in EOA 
patients compared to healthy control children (for ICARS, SARA and BARS, p <.001 (Mann-Whitney U test)).

Phenotypic assessment of the primary movement disorder feature revealed 27 patients with 

ataxia [27/38; (71.1%)]; 1 with myoclonus [1/38; (2.6%)]; 2 with dystonia [2/38; (5.3%)]; 4 with chorea 

[4/38; (10.5%)]; 1 with spasticity [1/38; (2.6%)] and 3 with “sloppiness” [3/38; (7.9%)]. Comparing 

quantitative ARS scores between the phenotypically determined primary movement disorder 

feature, revealed no statistically signifi cant diff erences (p =.062, p=.068 and p=.072 for ICARS, 

SARA and BARS respectively (Kruskall-Wallis test)), see fi gure 2. 

Figure 2: Ataxia Rating Scale (ARS) scores according to the primary movement disorder feature.

Legend: The x-axis indicates the phenotypically assessed primary movement disorder [ataxia (n=27)*; dystonia (n=2); chorea 
(n=4); spasticity (n=1); sloppiness (n =3) and myoclonus (n=1)] in “EOA with core ataxia” and “EOA with comorbid ataxia” 
subgroups. The y-axis indicates ICARS (a), SARA (b) and BARS (c) scores, respectively. ARS scores do not signifi cantly diff er 
between primary ataxia and other primary movement disorder (p =.062; p =.068 and p =.072, for ICARS, SARA and BARS, 
respectively). *26 of 27 patients with ataxia as median primary movement disorder also fulfi lled the criteria for “EOA with 
core ataxia”. In one patient unfulfi lling the criteria for “EOA with core ataxia”, ataxia was recognized by 2 of 3 assessors as the 
primary movement disorder.
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Multiple regression analysis showed that total ARS scores are significantly predicted by the 

severity of the primary movement disorder in ICARS (β =.86, p =.026), SARA (β =.83, p =.026) 

and BARS (β =.88, p =.024), independent of whether the primary movement disorder features 

concerns ataxia, or not. The severity of the prevailing movement disorder explained a significant 

proportion in the variance of the ARS scores for ICARS (R2= .764, p <.001), SARA (R2= .775, p <.001) 

and BARS (R2= .754, p <.001).  Neither the type of the primary movement disorder, nor age, gender 

or disease-duration rendered a significant F-change, implicating that these variables were 

omitted from our regression model for further analysis, see Table IV. 

Table IV: Multiple regression analysis of total ataxia rating scale scores

ICARS total score SARA total score BARS total score

F 
change B° β F 

change B° β F 
change B° β

Age 0.19 0.48 0.04

Gender 0.05 0.03 0.04

Disease duration 0.02 0.00 0.02

Primary movement 
disorder 1.11 0.96 1.12

Primary movement 
disorder severity 21.98*** 23.94*** 20.32***

Non vs. Mild -5.77 
(20.05) -.12 -3.5 

(8.36) -.17 -1.17 
(6.89) -.07

Non vs. Moderate 14.09 
(19.03)  .32 5.31 

(7.93)  .28            4.53 
(6.54)  .31

Non vs. Severe 47.90 
(20.24)   .86* 19.87 

(8.43)   .83* 16.62 
(6.96)   .89*

Legend: Regression analysis results for the effects of age, gender, disease duration, primary movement disorder and 
phenotypically assessed primary movement disorder severity on ataxia rating scale total scores. B° (unstandardized coefficients 
with standard error in parenthesis) and β (standardized regression coefficient). * p<.05; ** p<.01; *** p<.001.

DISCUSSION

In EOA patients, ICARS, SARA and BARS reveal high inter- and intra-observer agreement, 

reflecting the reliability of the scores. However, the discriminant validity of ARS failed to discern 

between the influence of ataxia and the influence of other movement disorders. In EOA with the 

phenotype “core ataxia”, ARS can thus be regarded as reliable and reproducible biomarkers for 

ataxia severity. However, in EOA children with the phenotype “comorbid ataxia”, ARS scores can 

be confounded by the influence of other concurrent movement disorders. This implicates that 

ARS scores do not necessarily reflect the severity of “ataxia”, alone.
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In patients with EOA, total ARS scores revealed similarly high ICC outcomes for inter- and intra-

observer agreement, as previously reported in ataxic adults (.91-.99 versus .91-.98 respectively).6-11 

This implicates that the total scores of all three ARS are highly reproducible and that one may 

choose a scale for its own intrinsic properties, instead of for reasons of inter-observer agreement, 

alone. However, sub-scale analysis reveals relatively low inter-observer agreement for the 

oculomotor sub-scale. As oculomotor parameters are not included in the SARA, SARA might 

be preferred above other ARS.7 However, under the premise that information on oculomotor 

function could be missed. 

Although previously published ICC results in healthy children (.62-.96)12 appear lower than the 

present data in EOA children, this does not necessarily implicate that the reproducibility in healthy 

children is less. This is explained by the method of ICC calculation, by which a small variation in 

(healthy age-related) scores will mathematically induce a low numerical ICC outcome, whereas 

the absolute observer differences can be the same. This implicates that the numerical ICC value 

is not necessarily indicative of the score agree-ability, alone. 

Interestingly, we observed that cross-sectional EOA ARS scores were not significantly 

predicted by age. This is understandable by the fact that the severity of the primary movement 

disorder exerted a much stronger effect on the EOA ARS scores than age (i.e. more than 87% 

more). Despite of that, consideration of ARS age-dependency is advisory, especially when 

longitudinal ARS scores with minimal changes (cut off margins) are being considered as relevant 

for therapeutic gain.23,24  

Regarding discriminant validity, multiple regression analysis revealed that the severity of the 

primary movement disorder influenced ARS scores, independent of the phenotype of the 

primary movement disorder. In the EOA subgroup with “core ataxia”, ARS outcomes were thus 

reflective of ataxia severity. However, in the EOA subgroup with “comorbid ataxia”, ARS scores 

were confounded by the influence of other concurrent movement disorders. In addition to 

previously described confounding factors (such as pediatric age and muscle strength in patients 

with Friedreich’s ataxia),12,13 one might anticipate that additional influences, such as neuro(no)-

pathy, could confound ARS scores as well. However, as other patient groups are needed to 

investigate this, we cannot comment on this in further extent. Hopefully, future studies will 

elucidate this point. 

Altogether, the provided insight in the ARS construct has direct implications for the assessment 

of therapeutic interventions in EOA children.23,24 When small changes in ARS scores are 

being considered as indicators for “therapeutic” ataxia improvement, one should strive for 

homogeneous EOA patient inclusion (both regarding age and phenotype).16,17

We recognize some weaknesses to this study. Firstly, patients were both quantitatively scored 

and phenotyped by the same assessors. However, as there was a time interval (of six months) 

between both assessments, and as assessors were not allowed to review their previous scores, a 

ataxia scales in early onset ataxia

6



98

bias appears unlikely. Secondly, in absence of quantitative ARS data in EOA children, our sample 

size calculation was based on ARS ICC data in ataxic adults, instead.7 We are aware of the potential 

limitation on quantitative ARS data by the relatively small sample size, especially regarding the 

applied multiple regression analysis. However, since the underlying disorders of the included 

EOA patients are rare, we would suggest to interpret these data as indicative. We hope that 

future international studies will be able to collect larger sample sizes to elucidate these findings 

into further extent. Thirdly, we are aware that the Friedreich Ataxia Rating Scale (FARS) was not 

included in the present analysis. However, as SARA is recently characterized as a reliable scale 

in FRDA patients,25 and as SARA is highly correlated with ICARS and BARS, one may deduce that 

ICARS, SARA and BARS are applicable in the EOA patient group, including FRDA. 

To conclude, ARS are reliably reproducible in EOA patients. In EOA patients with a “core ataxia” 

as phenotype, total ICARS, SARA and BARS scores can be regarded as sufficiently reliable for the 

assessment of the ataxia severity. However, in EOA patients with a “comorbid ataxic” phenotype, 

ARS are not only influenced by ataxia, but also by other concurrent movement disorders. Despite 

high reliability of ARS scores, discriminant validity appears insufficient for phenotypic EOA 

subgroups with “comorbid ataxia”. For reliable data interpretation of ARS scores, we conclude 

that the scores should be interpreted in homogeneous phenotypic EOA groups. 
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ABSTRACT

Aim: To investigate the inter-observer agreement on phenotypic Early Onset Ataxia (EOA) 

assessment and to explore whether the Scale for Assessment and Rating of Ataxia (SARA) could 

provide a supportive marker.

Methods: Seven movement disorder specialists provided independent phenotypic assessments 

of potentially ataxic motor behaviour in 40 patients (mean age 15y [range 5–34]; data derived 

from University Medical Center Groningen medical records 1998–2012). We determined inter-

observer agreement by Fleiss’ kappa. Furthermore, we compared percentage SARA sub-scores 

([sub-score/total score] × 100%) between “indisputable” (primary ataxia recognition by at least six 

observers) and “mixed” (ataxia recognition, unfulfilling “indisputable” criteria) EOA phenotypes.

Results: Agreement on phenotypic EOA assessment was statistically significant (p<0.001), but 

of moderate strength (Fleiss’ kappa=0.45; 95% CI 0.38–0.51). During mild disease progression, 

percentage SARA gait sub-scores discriminated between “indisputable” and “mixed” EOA 

phenotypes. In patients with percentage SARA gait sub-scores >30%, primary ataxia was more 

frequently present than in those with sub-scores <30% (p=0.001).

Interpretation: Among movement disorder professionals from different disciplines, inter-

observer agreement on phenotypic EOA recognition is of limited strength. SARA gait sub-scores 

can provide a supportive discriminative marker between EOA phenotypes. Hopefully, future 

phenotypic insight will contribute to the inclusion of uniform, high-quality data in international 

EOA databases.
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INTRODUCTION

Ataxia is described by an impairment of the smooth performance of goal-directed movements,1 

resulting in impaired “unconscious” decision making about balance, speed, force, and direction 

of intended movements.2–4 Intentional motor behaviour may thus be affected by ataxic limb 

movements (intention and action tremor, dysdiadochokinesis, rebound, hypermetria), trunk 

movements (with staggering, swaying and titubation), eye movements (nystagmus, saccades, 

over- and undershoot), and speech (dysarthria, dysrhytmia). The underlying neuropathology 

involves abnormal spinal afferent input and/or cerebellar dysfunction, hampering multisensory 

fine-tuning and timing of motor output. In the literature, the concept of “early onset ataxia” 

(EOA) is used to define the initiation of ataxia before the 25th year of life.5,6 The estimated EOA 

prevalence is about 14.6 per 100.000.7 As implicated by the large range in the age at onset, 

there is an enormous variety in underlying (genetic and metabolic) disorders. In this perspective, 

international EOA databases aim to (1) provide insight in the longitudinal disease course, (2) 

identify new genes, (3) design new treatment strategies, and (4) characterize uniform and 

transparent markers for disease monitoring. In the absence of a “criterion standard”, EOA patient 

inclusion will depend on subjective phenotypic recognition of ataxia. This process is complex 

for several reasons. In young children, it is well-known that the physiological maturation of the 

nervous system can cause a phenotypic “overlap” between immature motor behaviour and 

initiating signs of ataxia.8–10 Furthermore, in young children, EOA concurs frequently with features 

of other movement disorders,11–13 resulting in “mixed” ataxic phenotypes. Finally, the EOA concept 

involves a large range in the age at onset, implicating the presence of heterogeneous underlying 

etiologies, which are likely to differ between young children and adults.

In the present study, we reasoned that international EOA databases need uniformly agreeable, 

high-quality data. This implies that professionals from various disciplines should be able to 

agree on phenotypic EOA inclusion. To the best of our knowledge, data about interdisciplinary 

phenotypic EOA inter-observer agreement are still incomplete. Furthermore, we reasoned 

that reproducible, quantitative EOA scales could provide a supportive marker for phenotypic 

EOA assessment. Detailed insight in phenotypic determination may provide conditions for 

inclusion of high-quality data in international databases, and may subsequently allow accurate 

data interpretation of innovative genetic techniques.14 In the present study, we thus aimed to 

determine (1) the inter-observer agreement on phenotypic EOA assessment and (2) whether the 

Scale for Assessment and Rating of Ataxia (SARA)15 parameters could provide a supportive tool 

for uniform phenotypic EOA assessment.
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METHODS

Patients
The medical ethical committee of the University Medical Center Groningen (UMCG; the 

Netherlands) approved the study. In UMCG records, we performed a digital search for ataxic 

descriptions over a 15-year period (1998–2012). From the search list, we addressed the first 

40 patients who were scheduled to visit UMCG. In accordance with international criteria for 

EOA databases, we invited patients with potentially congenital, developmental, metabolic, 

degenerative, and/or unknown causes of ataxia starting before the 25th year of life. We excluded 

underlying infectious, traumatic, intoxicative, cerebrovascular, para- and/or neoplastic causes 

of ataxia.16 After informed consent, all 40 patients decided to participate in the present study 

(response rate: 100%).

Study size
Since pilot data on phenotypic EOA agreement are lacking, we based the study size on previously 

published EOA SARA speech data,10 revealing the lowest Intraclass Correlation Coefficient of 

SARA sub-scores.9 As previously indicated in adults,15 a sample size of 36 participants scored by 

three observers achieves 90% power to detect an Intraclass Correlation Coefficient of 0.8, or over 

the null hypothesis of a moderate Intraclass Correlation Coefficient of 0.6 (0.85 published for 

adults),15 using a significance level (alpha) of 0.05.

Assessment
In accordance with previously described methods, we videotaped SARA performances in all 40 

patients and we distributed recordings for independent offline assessment.9 Offline assessments 

involved both phenotypic and quantitative SARA scores, with an intermediate time interval of at 

least 6 months (see text below).

Phenotypic assessment

Seven assessors (i.e. clinicians and/or investigators participating in the UMCG movement disorder 

team) provided independent phenotypic assessments of the videotaped motor behaviour. Each 

assessor indicated whether and, if so, which movement disorder was observed, with a maximum 

of one primary and two secondary movement disorders (i.e. 11 options per participant). In 

accordance with phenotypic results, we assigned patients to an “indisputable” ataxic subgroup 

when at least six of seven observers (≥80%) had assessed the movement disorder as being 

primary ataxic. We assigned patients to a “mixed” ataxic subgroup, when the above-mentioned 

criteria were not met. We excluded patients from analysis when none of the observers 

recognized ataxic features. We determined the inter-observer agreement on (1) the presence 

of ataxia, (2) the recognition of ataxia as the primary feature, and (3) the recognition of ataxia 

as the secondary feature. We subsequently determined inter-observer agreement between 

individual observers and stratified outcomes for pre-defined observer subgroups. Subgroups 
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involved pediatric neurologists (n=2), adult neurologists (n=2), a metabolic pediatrician with 

genetic expertise (n=1), and trainees (n=2). The two trainees were a (final-year) master’s student 

in medicine and a second-year pediatric neurology resident. Both conducted (PhD) research on 

pediatric movement disorders.

Quantitative assessment

SARA represents an ataxia rating scale varying from the “optimum” score zero to the “most 

affected” score 40, with sub-scores in the domains of gait, kinetics, and speech.15 More than 

6 months before phenotypic assessment, three assessors (the two pediatric neurologists and the 

resident in pediatric neurology) had independently assessed SARA (without permission to review 

scores, thereafter). For each child, we calculated the contribution of each of the three SARA sub-

scores (gait, kinetic, speech) to the total SARA score (i.e. for gait: percentage SARA gait sub-score 

= [median SARA gait sub-score/median total SARA score] × 100%; and analogously for the kinetic 

function and speech sub-scores). We determined and compared the mean percentage SARA 

sub-scores between “indisputable” and “mixed” ataxic subgroups. Subsequently, we determined 

and compared the mean percentage SARA sub-scores between pre-defined stages of disease 

progression, involving mild, moderate, and severe disease progression (concerning the lowest 

[<33%], middle [33–67%], and upper third [>67%] part of all total SARA scores, respectively).

Statistical analysis
We used SPSS statistics version 20.0 (IBM SPSS Statistics, Armonk, NY, USA) for statistical analysis. 

We determined normality of age, ataxia duration, ataxia onset, and median total SARA scores 

both graphically and by the Shapiro–Wilk test. Ataxia duration revealed a normal distribution 

(p=0.09), whereas age (p=0.01), age at ataxia onset (p<0.001), and total SARA scores (p<0.01) 

did not reveal a normal distribution. We compared phenotypic and quantitative outcomes after 

stratification for age (≤18y and >18y) and after stratification for “age at ataxia onset” (0–2y, 3–12y, 

13–20y)17 by Mann–Whitney U test and Kruskal–Wallis test, respectively. We compared differences 

between the “indisputable” and “mixed” ataxic groups by Student’s t-test (when not normally 

distributed by Mann–Whitney U test). We determined the inter-observer agreement between 

individual observers by Cohen’s kappa. We determined phenotypic inter-observer agreement 

between individual observers by Fleiss’ kappa. Since the present study design involved only a 

small agreement by change (involving seven observers, 40 participants, and 11 categories per 

participant), one may interpret (Fleiss’ and Cohen’s kappas) outcomes by the scale of Landis 

and Koch (<0.20 slight; 0.21–0.40 fair; 0.41–0.60 moderate; 0.61–0.80 substantial; >0.81 almost 

perfect).18,19 We compared percentage sub-scores according to disease progression by Kruskal–

Wallis test, followed by Mann–Whitney U tests if significant. All statistical tests were two-sided. 

We considered p values less than 0.05 as statistically significant.
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RESULTS

Patient characteristics
In one of the 40 included patients, all seven movement disorder specialists independently 

identified presence of dystonia instead of ataxia. This non-ataxic patient was subsequently 

excluded from further analysis. The “ataxia” data were thus obtained from the remaining 39 

patients. Subdivision according to “indisputable” and “mixed” ataxic phenotypes revealed 

19 patients in the “indisputable” and 20 patients in the “mixed” ataxic group. For patient 

characteristics, see Table I. 

Table I: Early Onset Ataxia: patient characteristics for indisputable and mixed ataxic phenotypes 

Indisputable
(n=19)

Mixed
(n=20)

Age (y)

    Median 15 13

    Lower – upper quartiles 10 – 19 10 – 18

Ataxia duration (y)

    Median 11 8

    Lower – upper quartiles 7 – 15 3 – 14

Ataxia onset (y)

    Median 4 3

    Lower – upper quartiles 1.5 – 8 1 – 11

SARA scores per ataxia progression

 Mild

    Median 6.5 2.5

    Lower – upper quartiles 5.3 – 7.9 1.3 – 4.8

 Moderate

    Median 10.3 9.5

    Lower – upper quartiles 9.3 – 14.4 8.8 – 13.5

 Severe

    Median 29.8 19.8

    Lower – upper quartiles 20 – 30.8 16 – 22.4

Legend: Indisputable phenotypes are recognized as primary ataxic by at least six out of seven observers (>80%). Mixed 
phenotypes represent the remaining patients. Mild, moderate, and severe ataxia progression involve the lowest (0–33%), 
middle (33–67%), and highest (67–100%) range of total Scale for Assessment and Rating of Ataxia (SARA) scores. Age, ataxia 
onset, and ataxia duration did not statistically differ between both groups.

In the “indisputable” ataxic subgroup, we assessed underlying genetic and/or metabolic 

diagnoses in 14 out of 19 patients (74%), involving Friedreich ataxia (n=7), ataxia with vitamin 

E deficiency (n=1), Niemann-Pick type C (n=1), Neuropathy, Ataxia, and Retinitis Pigmentosa 
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mutation (NARP) (n=1), ataxia telangiectasia (n=1), Joubert syndrome (n=1), Kearns–Sayre 

syndrome (n=1), 17-β-hydroxysteroid dehydrogenase X deficiency (n=1), and unknown causes 

(n=5). In the “mixed” ataxic subgroup, the overall recognition of ataxia (either as the primary 

or secondary feature) was indicated by a mean of 4.5 observers (range 1–7). In 12 out of 20 

(60%) patients with “mixed” ataxia, we assessed underlying genetic and/or metabolic diagnoses, 

involving GOSR2 mutation (n=4), ataxia with vitamin E deficiency (n=2), TITF1 mutation (n=1), 

SPG11 mutation (n=1), CTNNB1 mutation (n=1), syndrome of Chediak Higashi (n=1), Huntington 

disease (n=1), and DYT6 mutation (n=1). The 8 out of 20 patients with “mixed” ataxia lacking a 

genetic diagnosis were associated with cerebellar malformation (n=1), conversion disorder (n=1), 

and unknown causes (n=6). Comparing “indisputable” and “mixed” ataxic subgroups for age, 

ataxia duration, and age at ataxia onset revealed no significant differences (median ages 15y and 

13y [p=0.35]; mean ataxia duration 12y and 9y [p=0.23]; median age at reported ataxia onset 4y 

and 3y [p=0.74], respectively). Comparing outcomes after stratification for age (≤18y and >18y) 

and for age at ataxia onset (0–2y, 3–12y, 13–20y)19 revealed no significant differences (for p values, 

see Table II).

Table II: Stratification according to age and to age of ataxia onset 

AOO
≤4 and ≥4 yrs*

AOO
0 – 2, 3 – 12, 13 – 20 yrs+ 

Age
≤18 and ≥18 yrs*

Indisputable or mixed 
phenotype 0.54 0.59 0.64

Ataxia progression 1.0 0.40 0.17

Age 0.09 0.41 n.a.

Age of ataxia onset n.a. n.a. 0.35

Legend: p-values for comparisons between subgroups of ages of ataxia onset and of age. AOO = age of onset; yrs=years; 
Indisputable phenotypes are recognized as primary ataxic by at least 6 of 7 observers (>80%). Mixed phenotypes represent 
the remaining patients. Ataxia progression concerning the lowest (0-33%), middle (33-67%) and highest (67-100%) range of 
total SARA scores. There are no significant differences between ages of ataxia onset and of age regarding allocation to the 
“indisputable” or “mixed” phenotype, ataxia progression, age and age of ataxia onset. na = not applicable, *=Mann Whitney 
U test, += Kruksal Wallis test.

Observer agreement on phenotypic assessment of ataxia
Observer agreement on the identification of ataxia was statistically significant (Fleiss’ kappa=0.45; 

95% CI 0.38–0.51). The strength of agreement was characterized as “moderate”, according to 

Landis and Koch.19 Pediatric neurologists showed the highest median agreement with other 

observers (Table III). Agreement on ataxia recognition as the primary feature was characterized 

as “moderate” (Fleiss’ kappa=0.51; 95% CI 0.44–0.58), and agreement on ataxia recognition as the 

secondary feature was characterized as “fair” (Fleiss’ kappa=0.21; 95% CI 0.14–0.28).
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Table III: Agreement between individual observers on the presence of ataxia

Type of 
recognition

Adult 
neurologists

Pediatric 
neurologists

Pediatrician 
with genetic 
experience

Trainees

Presence of 
ataxia

1 - 0.31 0.63 0.54 0.06 0.26 0.30

2 0.31 - 0.48 0.31 0.19 0.03 0.27

3 0.63 0.48 - 0.72 0.7 0.59 0.65

4 0.54 0.31 0.72 - 0.43 0.31 0.72

5 0.06 0.19 0.7 0.43 - 0.32 0.53

6 0.26 0.03 0.59 0.31 0.32 - 0.42

7 0.30 0.27 0.65 0.72 0.53 0.42 -

Median 0.31 0.29 0.61 0.48 0.35 0.32 0.48

Ataxia 
recognized
as primary 
movement 
disorder

1 - 0.59 0.44 0.41 0.63 0.45 0.50

2 0.59 - 0.59 0.36 0.43 0.36 0.28

3 0.44 0.59 - 0.48 0.40 0.62 0.41

4 0.41 0.36 0.48 - 0.58 0.61 0.66

5 0.63 0.43 0.40 0.58 - 0.41 0.57

6 0.45 0.36 0.62 0.61 0.41 - 0.57

7 0.50 0.28 0.41 0.66 0.57 0.57 -

Median 0.47 0.40 0.46 0.53 0.50 0.51 0.53

Ataxia 
recognized
as secondary 
movement 
disorder

1 - 0.42 0.25 0.42 0.32 0.01 0.37

2 0.42 - 0.40 0.10 0.35 -0.15 0.08

3 0.25 0.40 - 0.25 0.08 -0.10 -0.10

4 0.42 0.10 0.25 - 0.17 0.01 0.55

5 0.32 0.35 0.08 0.17 - 0.04 0.23

6 0.01 -0.15 -0.10 0.01 0.04 - 0.16

7 0.37 0.08 -0.10 0.55 0.23 0.16 -

Median 0.34 0.22 0.16 0.21 0.20 0.01 0.20

Legend: Inter-observer agreement (Cohen’s kappa) between individual observers. Median, the median agreement for each 
observer. Interpretation of outcomes according to Landis and Koch:19 <0.20 slight; 0.21–0.40 fair; 0.41–0.60 moderate; 0.61–0.80 
substantial; >0.81 almost perfect. Cohen’s kappa ≤0.311 is not significant (p>0.05).

Quantitative SARA assessment in association with phenotypic recognition
The median total SARA score was 9.5 (upper–lower quartiles 5.5–19). The median total SARA 

score for the “indisputable” ataxic subgroup was 14.8 (upper–lower quartiles 8.5–29.8) and for 

the “mixed” ataxic subgroup 8.6 (upper–lower quartiles 3–13.5) (Fig. 1a). Comparing total SARA 

scores and percentage SARA gait sub-scores (i.e. [SARA-gait sub-score/total SARA score] × 100) 

among “indisputable” and “mixed” ataxic subgroups revealed significantly higher outcomes in the 

“indisputable” ataxic group (total SARA scores: p<0.01; percentage SARA gait sub-scores: p<0.01) 
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(Fig. 1a,b). During mild EOA disease progression, percentage SARA gait sub-scores revealed 

signifi cantly higher outcomes in the “indisputable” than the “mixed” ataxic subgroup (p<0.01) 

(Fig. 1b). Comparing percentage SARA kinetic sub-scores (i.e. [SARA kinetic sub-score/total SARA 

score] × 100) between the “indisputable” and “mixed” ataxic groups revealed signifi cantly higher 

outcomes in the last group (p=0.02) (Fig. 1b). Comparing percentage SARA speech sub-scores 

(i.e. [SARA speech sub-score/total SARA score] × 100) between the “indisputable” and “mixed” 

ataxic groups revealed no signifi cant diff erences. In the “indisputable” ataxic subgroup, all sub-

score profi les were similar for mild, moderate, and severe disease progression. In the “mixed” 

ataxic subgroup, the percentage SARA gait sub-score diff ered signifi cantly between mild and 

moderate, and between mild and severe, disease progression (p=0.001 and p<0.01, respectively). 

For diff erences in “indisputable” and “mixed” sub-score profi les, see Figure 1b.

Figure 1: Scale for Assessment and Rating of Ataxia (SARA) scores by indisputable and mixed ataxia 
subgroups.

Legend: Indisputably ataxic patients are recognized as primary ataxic by at least six out of seven observers. Mixed ataxic 
patients represent the remaining patients. (a) Total SARA scores. The x-axis indicates total SARA scores. The y-axis indicates 
“indisputable” and “mixed” ataxic subgroups. Boxes represent median and lower–upper quartiles of total SARA scores; 
bars represent ranges of total SARA scores. Total SARA scores were signifi cantly higher in patients with “indisputable” than 
“mixed” ataxia (p<0.01). (b) Relative SARA sub-score percentage. The x-axis shows the individual SARA sub-scores expressed 
as the percentage of the individual total SARA score (percentage SARA sub-scores). The y-axis indicates ataxia progression. 
Mild, moderate, and severe ataxia progression involve the lowest (0–33%), middle (33–67%), and highest (67–100%) range 
of total SARA scores. Boxes represent median and lower–upper quartiles of percentage sub-scores; bars represent ranges 
of percentage sub-scores. During mild ataxia progression, patients with indisputable ataxia revealed signifi cantly higher 
percentage gait sub-scores than patients with mixed ataxia.
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Phenotypic EOA recognition in association with percentage gait sub-scores
In all patients of the “indisputable” ataxic subgroup, the percentage SARA gait sub-score was 

higher than 30% (Fig. 1b). Furthermore, ataxia was most often indicated as the primary feature 

of the movement disorder in patients with a percentage SARA gait sub-score >30% (26/31; 84%). 

Most patients with a percentage SARA gait sub-score <30% revealed another primary movement 

disorder than ataxia (6/8; 75%). Ataxia was more often the primary movement disorder feature 

in patients with percentage SARA gait sub-scores >30% than in patients with percentage SARA 

gait sub-scores <30% (p=0.001).

DISCUSSION

In the present pilot study, we addressed the question whether “Early Onset Ataxia” can be 

identified in a sufficiently reliable way and whether SARA sub-scales can support phenotypic 

EOA assessment. Results reveal statistically significant inter-observer agreement on the presence 

of EOA. However, according to the scale of Landis and Koch, the interpreted strength of the 

agreement appeared only “moderate”.19

The SARA gait sub-scale appeared supportive for phenotypic EOA assessment. During mild 

ataxia progression, a SARA percentage gait sub-score >30% was indicative of “indisputable” EOA. 

Additionally, a percentage SARA gait sub-score >30% referred to ataxia as the primary feature of 

the movement disorder.

In absence of a “criterion standard” for detection, insight into the reliability of phenotypic 

EOA assessment is warranted. In the present cohort of early “pediatric onset” EOA (i.e. median 

age at ataxia onset 3–4y), movement disorder professionals (from different disciplines) revealed 

a statistically significant phenotypic agreement, but only of limited strength (i.e. “moderate” 

according to interpretation by Landis and Koch19). Although this might seem acceptable in the 

perspective of the study design (in which agreement by chance approaches 0 instead of 0.5), 

supportive measures are needed to accomplish high-quality databases. Pediatric neurologists 

obtained the highest agreement with the other movement disorder specialists, suggesting that 

there is general consensus if pediatric neurologists would phenotype patients with “pediatric-

onset” EOA for international databases. However, since the assessor subgroups were small, future 

studies are needed to elucidate this point further.

An explanation for the moderate strength of inter-observer agreement could be that the 

pediatric EOA phenotype is highly heterogeneous. One explanation for this heterogeneity could be 

that children with EOA often present with mixed ataxic phenotypes.11–13 This can be understood by 

the interactions between the cerebellum and basal ganglia.20,21 For instance, there are interacting 

neurons projecting from the subthalamic nucleus to the pontine nuclei (influencing the input to the 

cerebellar cortex), and there are interacting neurons projecting from the dentate nucleus (an output 

stage of the cerebellum) via the thalamus to the striatum (influencing the input to the basal ganglia). 

These connections may relate to the mixed ataxic phenotype with hyperkinetic features.20,22

Another explanation for EOA heterogeneity might be deduced from the EOA concept itself. 

Since the EOA concept refers to the initiation of ataxia before the 25th year of life, there is an 

chapter 7

7



113

enormous variety in the underlying etiologies involved (varying from congenital malformations 

in the newborn to dominantly inheritable disorders in the young adult). From this perspective, 

one might indicate that the EOA concept is unspecific for pediatric use. Analogous to literature 

on pediatric dystonia,17 we therefore attempted to stratify results for calendar age and for age at 

ataxia onset. Although this pilot study did not reveal discriminative results, it is advisory to await 

the results from larger databases before drawing a conclusion.

A secondary goal was to investigate whether quantitative SARA sub-scores could support 

phenotypic EOA assessment. During mild disease progression, our results revealed that percentage 

SARA gait sub-scores >30% discerned between “indisputable” and “mixed” EOA phenotypes. 

Additionally, percentage SARA gait sub-scores >30% appeared indicative for the presence of ataxia 

as the primary movement disorder feature. Considering our patient inclusion criteria, these results 

may be comprehended by the fact that we excluded for focally “acquired” cerebellar lesions (see 

“Patients” section within Method).16 In this perspective, general cerebellar involvement, including 

vermis dysfunction,23 would be expected. Since stance and gait are thus likely to be affected, gait 

assessment may be considered as important for phenotypic EOA assessment.

Comparing outcomes between the “indisputable” and “mixed” subgroups revealed a genetic 

diagnosis in 74% and 60% of the patients, respectively, which appears in line with previously 

published data.24,25 Interestingly, half (6/12; 50%) of the “mixed” ataxic children with a known 

underlying genetic disorder revealed either GOSR2 or ataxia with vitamin E deficiency gene 

mutations, which are recognized among ataxic movement disorders. The mixed phenotypic 

appearance may be understood by the longitudinal GOSR2 disease course, involving progressive 

myoclonic features by the age of 6 years and older.12,26 Since all included GOSR2 patients were 

6 years and older, assignment to the mixed ataxic subgroup appears comprehensive. Similarly, 

it is also known that ataxia with vitamin E deficiency phenotypes may change with age and/or 

treatment conditions.27 These rare diseases may thus illustrate the importance of longitudinal 

disease documentation, preferably by large international databases.

We recognize several limitations to this study. First, all observers were aware that included 

patients had been described with ataxia in UMCG records. However, the same situation will apply 

when potentially ataxic patients are presented for inclusion in international databases. Second, 

we included relatively few patients in the present pilot study. Since the EOA diagnosis involves a 

group of heterogeneous and rare disorders, this may illustrate why larger international datasets 

are needed. Finally, three observers had performed both SARA and phenotypic assessments 

(after an interval of more than 6 months). However, because SARA assessments concerned 

rough (uncalculated) scores, and because the observers were not allowed to review their data, 

it appears unlikely that this influenced the outcomes. This was also indirectly confirmed by the 

almost identical outcomes (>90%) of the observers who had not performed SARA assessments.

In conclusion, among movement disorder professionals from different disciplines, agreement 

on phenotypic EOA recognition is statistically significant, but only of limited strength. During 

mild disease progression, SARA gait sub-scores can support EOA recognition. Hopefully, future 

insight in phenotypic EOA assessment will contribute to the inclusion of high-quality data in 

longitudinal EOA databases.
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ABSTRACT

Early Onset Ataxia (EOA) comprises a large group of rare heterogeneous disorders. The recognition 

of ataxia and determination of the underlying etiology can be difficult given the broad differential 

diagnosis and the heterogeneous phenotype-genotype relationship. This makes the diagnostic 

work-up time-consuming, costly and not always rewarding. In this overview we present a 

clinical diagnostic algorithm for patients presenting with EOA features in collaboration with the 

Childhood Ataxia and Cerebellar Group of the European Pediatric Neurology Society. In seven 

consecutive steps, the algorithm leads the clinician through the diagnostic process, including: 

EOA identification, application of the Inventory of Non-Ataxic Signs (INAS), consideration of the 

family history, neuro-imaging, laboratory investigations, consideration of genetic testing by array 

CGH and the application of Next Generation Sequencing (NGS). Hopefully, consistent application 

of this algorithm may help to improve the diagnostic yield in pediatric EOA, and additionally 

contribute to uniform data entry in EOA databases. 
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INTRODUCTION

Early Onset Ataxia (EOA) comprises a large group of rare disorders, manifesting symptomatic ataxia 

before the age of 25 years. The estimated prevalence of EOA is 14.6 per 100.000 individuals.1-4 EOA 

can present with a wide variety of phenotypes and genotypes, mostly of autosomal recessive 

nature. The heterogeneous phenotypic disease presentation in children is essentially different 

from patients with Adult Onset Ataxia (AOA) and can be explained by the variability in disease 

onset and the presence of associated disorders (varying from stable congenital malformations 

to progressive autosomal recessive genetic defects) and heterogeneous co-morbid features.5,6 

Furthermore, pediatric phenotypes may change over time. For example, North Sea Progressive 

Myoclonus Epilepsy syndrome (caused by GOSR2 mutation), presents with ataxia in young 

children, but with prominent myoclonus at older ages.7 In pediatric EOA, the heterogeneous 

phenotypic presentations and the large variety in genotypes makes the diagnostic work-up a 

challenging, time-consuming and expensive task. 

Over the recent years, innovative Next Generation Sequencing (NGS) techniques8-10 have 

enormously increased the diagnostic yield.9,11,12 Therefore, the Childhood Ataxia and Cerebellar 

Group of the European Pediatric Neurology Society (CACG-EPNS) collaborated to propose a 

specific diagnostic algorithm for uniform work-up of EOA patients. 

In seven consecutive steps, the proposed algorithm will lead the clinician through the diagnostic 

process in heterogeneous EOA patients with the goal to improve the diagnostic yield, time to 

diagnosis and health related costs. 

CLINICAL APPROACH TO ATAXIA

An overview of the diagnostic EOA algorithm is provided in figure 1. As EOA concerns a group 

of disorders mostly of insidious onset, distinction with acquired ataxia is frequently possible by 

the history of the patient. Acquired ataxias (like vascular, neoplastic, infectious and inflammatory) 

are frequently (sub)acute. Although beyond the scope of this diagnostic algorithm, the current 

diagnostic steps can be used in case of a suspected acquired ataxia. 

Step I: The phenotypic identification of cerebellar ataxia
Cerebellar ataxia is characterized by impaired smooth goal directed movements, resulting 

in impaired fine-tuning of speed, force and direction of intended movements.6,13-15 Ataxic 

features are attributed to different dysfunctioning of cerebellar domains that involve: 1. vermis 

and anterior lobe, causing ataxic posture and gait, characterized by staggering, swaying and 

titubation; 2. the cerebellar hemispheres with ataxic kinetic limb movements, with an intention 

and action tremor, dysdiadochokinesis, hypermetria, dysarthria and dysrhythmia of speech; and 

3. vermis and flocculus, resulting in nystagmus with over- and undershooting of eye movements. 
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In children with EOA, the inter-observer agreement of these features is often limited.6 This is 

attributed to the phenotypic and genotypic heterogeneity and to the lacking of a gold standard 

for ataxia assessment at a young age. For instance, ataxia in the newborn is characterized by 

severe hypotonia, hypo-activity and developmental delay.16 This EOA phenotype is often not (or 

very slowly) progressive and the occurrence of ataxic features appear much later in live.16 Due 

to the manifest signs of hypotonia and hypo-activity, congenital ataxia can be mistaken for a 

neuromuscular disorder. On the other hand, impaired coordination is not exclusively confined to 

cerebellar pathology, alone. For example, sensory ataxia may result from damage of the peripheral 

nerves, spinal ganglia or dorsal columns resulting in emerging ataxia upon eye closure. Similarly, 

peripheral vestibular dysfunction may result in balance disturbances. Finally, action myoclonus 

may mimic an ataxic intention tremor. Some developmental conditions are also associated with 

coordination impairment. This includes immaturity of the central nervous system leading to 

physiologic age-related suboptimal coordination, Developmental Coordination Disorder (DCD) 

and isolated hypotonic conditions.17-21 Intoxications can lead to uncoordinated clumsiness, which 

may even have a permanent impact (such as for instance environmental lead pollution, anti-

epileptic drugs or alcohol).22,23 

Figure 1: Pediatric EOA diagnostic algorithm

Legend: This figure displays a pediatric diagnostic algorithm for the diagnostic process of Early Onset Ataxia. The consecutive 
steps of the algorithm will lead the clinician through the diagnostic process. # See Table I for the Inventory of non-ataxic 
symptoms (INAS); ^ See Table II and III genes for paroxysmal ataxic disorders and (tri)nucleotide repeat disorders, respectively. 
+ See Table IV and V for the differential diagnosis on cerebellar hypoplasia and cerebellar atrophy on MRI, respectively. $ See 
Table VI for additional laboratory investigations; *@ See Table VII for the whole EOA NGS gene filter, including subpanels for 
specific hindbrain abnormalities; INAS = Inventory of Non-Ataxic symptoms; MRI = Magnetic Resonance Imaging; NGS = Next 
Generation Sequencing; EOA = Early Onset Ataxia.
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Ataxia severity can be assessed by clinical rating scales.24 In children, the most frequently 

applied rating scales are the International Cooperative Ataxia Rating Scale (ICARS),25 the Scale 

for Assessment and Rating of Ataxia (SARA)26 and the Brief Ataxia Rating Scale (BARS).27 These 

instruments yield high inter-observer agreement (Interclass Correlation Coefficient between 0.91 

– 0.99).28 The choice of any specific scale depends on the specific clinical objective and/or patient 

characteristics.28 Due to its brevity, high reliability and popularity in adult ataxia patients, the 

SARA is often preferred for pediatric application. Recently, the SARA-scores has been validated 

for age, providing a basis for accurate interpretation of pediatric longitudinal scores.21

Step 2: Inventory of non-ataxic signs 
As the phenotype of pediatric EOA is often complex,5,6 with dysfunction of other neuronal 

and non-neuronal systems, the resulting neurological and non-neurological signs can provide 

valuable diagnostic clues. Such features can be systematically assessed by an instrument like the 

Inventory of Non- Ataxic Signs (INAS), see Table I.29,30 

Table I: Inventory of non-ataxia signs (INAS)

Non-ataxia signs Diseases in which this symptom is present

Hyperreflexia SCA and SCAR

Areflexia Friedreich ataxia; AVED; Abetalipoproteinemia; AOA 1-4

Extensor plantar Friedreich ataxia; AVED; Abetalipoproteinemia; AOA type 1-4

Spasticity SCA and SCAR

Paresis -

Muscle atrophy Marinesco-Sjogren disease

Fasciculations SCAR type 8

Myoclonus SCA type 13; AOA type 1

Rigidity Different types of NBIA; Wilsons disease; SCA type 2

Chorea/Dyskinesia Different types of NBIA; Wilsons disease; AT; SCA type 17

Dystonia Different types of NBIA; Wilson disease; AOA type 1 and 2; AT; SCA type 2

Resting tremor AT; NBIA; Wilson disease

Sensory symptoms A lot of ataxic disorders are associated with a (poly)neuropathy

Downward gaze palsy# Niemann Pick type C

Oculomotor apraxia# AOA type 1-4; AT

Xanthomas# CTX

Cataract# CTX; mitochondrial diseases

Legends: Adaption of the Inventory of non-ataxia signs for pediatric EOA, which clinicians should look for during neurological 
examination.# These 4 items are not part of the INAS, but are important neurological signs to look for in patients suspected 
of EOA. AVED = Ataxia with Vitamin E Deficiency; AOA = Ataxia with Oculomotor Apraxia; SCAR = Spinocerebellar Ataxia 
Autosomal Recessive; SCA = Spinocerebellar Ataxia; NBIA = Neurodegeneration with Brain Iron Accumulation; AT = Ataxia 
Telangiectasia; CTX = Cerebrotendinous xanthomatosis.
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Step 3: Disease course and family history
In distinct episodic phenotypes (Table II), recognition of a paroxysmal character may prompt 

selection of a specific “NGS panel for paroxysmal ataxic disorders”.

A positive family history with a known gene defect, compatible with the clinical features of 

the child will require direct sequencing of the associated gene. Pediatric onset, dominantly 

inherited spinocerebellar ataxias warrant a search for two trinucleotide repeat expansions, SCA 

2 and SCA 7. These disorders demonstrate frequent anticipation, with earlier onset and more 

severe phenotypes in successive generations and sometimes apparent de novo occurrence. 

Trinucleotide repeat expansions cannot be detected by current Next Generation Sequencing 

(NGS) techniques. See also Table III. 

Table II: Genes causing paroxysmal/episodic ataxic disorders in children

Gene (OMIM) Disease name Inheritance Additional features

KCNA1 (176260) Episodic Ataxia type 1; (EA1) AD Interictally  myokymia

CACNA1A (601011) Episodic Ataxia type 2; (EA2) AD Interictally nystagmus and gait ataxia

1q42 (606554) Episodic Ataxia type 3; (EA3) AD

CACNB4 (601949) Episodic Ataxia type 5; (EA5) AD Interictally down beat and gaze-
evoked nystagmus

SLC1A3 (600111) Episodic Ataxia type 6; (EA6) AD Interictally horizontal gaze-evoked 
nystagmus

PRRT2 (614386) Paroxysmal Kinesogenic 
Dyskinesia (PKD) AD Dystonia and/or chorea during an 

attack

SLC2A1 (138140) Glucose Transporter 
deficiency (GLUT-1) AR/AD In infantile onset also epilepsy/epileptic 

encephalopathy

ATP1A3 (182350)
Cerebellar ataxia, Areflexia, 

Pes Cavus, Optic Atropy and 
sensineuronal deafness

AD

Areflexia, pes cavus, optic atrophy and 
sensineuronal deafness. Can start as 

episodic provoked by fever. Later on it 
will be progressive

Legend: In this table genes, corresponding diseases, mode of inheritance and possible additional features are given. OMIM = 
Online Mendelian Inheritance in Man; AD= Autosomal dominant; AR = Autosomal recessive. Episodic ataxia type 3 does not 
have a specific gene, however it has a known locus on chromosome 1q42.

Friedreich ataxia

In children, Friedreich ataxia is the most common ataxic disorder. It is caused by an autosomal 

recessively inherited GAA (tri)nucleotide repeat expansion in the frataxin gene.31-33 The clinical 

presentation is a slowly progressive ataxia of stance, gait and limbs, as well as dysarthria. 

Oculomotor testing reveals square wave jerks (SWJ) during rest and smooth pursuit as a sign of 

fixation instability.31 Other neurological features involve loss of deep tendon reflexes, pyramidal 

tract signs and a sensory neuronopathy. In children, Friedreich ataxia is associated with cardiac 

involvement, myopathy, diabetes and scoliosis.31,32,34 For guidelines and clinical management of 

Friedreich ataxia, see Corben et al.35 To date, there are no proven medical treatments.32,33,36
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Table III: Genetic ataxias caused by a (tri)nucleotide repeat disorder.

Gene (OMIM) Repeat Disease name Inheritance Additional features

FXN ( 606829) GAA Friedreich ataxia AR Peripheral neuro(no)pathy, 
cardiomyopathy

ATXN2 (601517) CAG Spinocerebellar ataxia type 2 AD Parkinsonism, myoclonus

CACNA1A (601011) CAG Spinocerebellar ataxia type 6 AD Hemiplegic migraine

ATXN7 (607640) CAG(?) Spinocerebellar ataxia type 7 AD Retinal changes

ATXN8 (613289) CTG Spinocerebellar ataxia type 8 AD Pyramidal signs

ATXN10 (611150) ATTCT Spinocerebellar ataxia type 10 AD Epilepsy, pyramidal signs 
and cognitive problems

PPP2R2B (604325) CAG Spinocerebellar ataxia type 12 AD Epilepsy, dementia and 
parkinsonism

TBP (600075) CAG/CAA Spinocerebellar ataxia type 17 AD Psychiatry and chorea 
(Huntington like)

HTT (613004) CAG Huntington AD Psychiatry, chorea, 
parkinsonism

Legend: This table consist of disorders with corresponding genes. These disorders are caused by a (tri)nucleotide repeat 
disorder. Inheritance and additional features are given in this table. OMIM = Online Mendelian Inheritance in Man; AR = 
Autosomal recessive; AD = Autosomal dominant.

Step 4: Brain MRI
In the absence of an indicative family history and/or clear indication for specific genetic testing, 

step 4 is a brain MRI.37-40 The recommended MRI protocol comprises T
1
- and

 
T

2
-weighted images, 

Fluid-Attenuated Inversion Recovery (FLAIR), Diffusion Weighted Images (DWI) and Susceptibility 

Weighted Images (SWI), with (secondary) administration of gadolinium and reconstruction in 

multiple planes (coronal, sagittal and axial).37-40 On midsagittal T
1
- and T

2
-weighted images, the 

sizes of the posterior fossa, vermis, fourth ventricle, supra-vermian cistern and brainstem volumes 

can be easily evaluated.39,40 In the presence of cerebellar hypoplasia and cerebellar atrophy, 

secondary enlargement of the fourth ventricle and the supra-vermian cistern may evolve.39,40 

In coronal planes, volumes of cerebellar vermis and hemispheres can be compared.40 The size, 

morphology and  signal intensity of the cerebellar vermis, cortex, cerebellar white matter and 

dentate nucleus can be determined on axial T
1
- and T

2
-weighted images. Abnormalities of the 

cerebellar white matter and cortex are also assessable on “FLAIR” images.40 

MRI patterns of hindbrain abnormalities may be subdivided in three specific patterns. These 

include: Joubert syndrome, Dandy Walker malformation and pontocerebellar hypoplasia.41 In 

Joubert syndrome, the molar tooth sign is considered pathognomonic. This sign is identifiable 

on axial planes, caused by a deep inter-peduncular fossa and an elongated, horizontally placed 

superior cerebellar peduncle (figure 2a).41 In Dandy Walker malformation there is hypoplasia 

and anti-clockwise upward rotation of the cerebellar vermis with cystic dilatation of the fourth 

ventricle, and upward displacement of the tentorium (figure 2b).41,42 Pontocerebellar hypoplasia 
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is characterized by cerebellar hypoplasia (mainly of the cerebellar hemispheres with relative 

preservation of the vermis) and hypoplasia of pontine structures. In the coronal plane these 

features are characterized by a “dragonfly sign” ( figure 2c).41 All three patterns of hindbrain 

malformations may vary in severity and may also include other infra- and supratentorial 

abnormalities.41,42 If specific features corresponding with one of the three patterns of hindbrain 

malformations are present, it is advisory to perform direct genetic testing using a specific NGS 

hindbrain malformation subpanel, see Table VII. In the absence of specific clues, determination of 

cerebellar hypoplasia or atrophy may help to differentiate between diagnostic groups. Atrophy 

can be diagnosed when the cerebellar volume decreases between two successive MRI. The 

degree of atrophy depends on the disease stage; due to “floor effects”, in later stages progression 

of volume loss may no longer be detectable during follow-up.40 This implies that atrophy cannot 

be diagnosed based on a single MRI study. The differential diagnosis of cerebellar hypoplasia 

and atrophy is extensive, involving many genetic and metabolic diseases. See Table IV and V.39,40 

An unique MRI finding is the T
2
-hypointense pontine stripes in Autosomal-Recessive Spastic 

Ataxia Charlevoix-Saguenay (ARSACS). It has been suggested to provide an unique diagnostic 

imaging biomarker that prompts direct genetic testing for mutations in the SACS gene (figure 

2d).43 

A final distinctly recognizable MRI pattern is rhomboencephalosynapsis (RES). RES is characterized 

by the absence of the vermis and fusion of the cerebellar hemispheres. This is best evaluated 

on T
2
-weighted coronal images in the most posterior section. RES is an important key feature 

in Gómez-López-Hernández syndrome (with other features as parietal alopecia, trigeminal 

anesthesia and craniofacial dysmorphic signs). Some patients with RES may also reveal features 

of VACTERL association (figure 2e).

The use of a brain MRI is also crucial for the detection of secondary acquired ataxias. Especially 

vascular and neoplastic disorders will be detected together with a large group of infectious and 

inflammatory causes for ataxia. 
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Table IV: Differential diagnosis of cerebellar hypoplasia on MRI37 

Neuroimaging pattern Disease group Disease/anomalies

Unilateral cerebellar 
hypoplasia

Acquired Second and/or third trimester hemorrhage

Genetic PHACE(S) syndrome; Familial porencephaly 
(COL4A1-mutation)

Cerebellar hypoplasia with 
mainly vermis involvement

Posterior fossa 
malformations

Dandy Walker malformation; Joubert syndrome; 
Rhomboencephalosynapsis
Congenital ocular apraxia type Cogan

Genetic syndromes
Acrocallosal syndrome; Gillespie syndrome; 
Beckwith-Wiedemann syndrome; autism associated 
chromosome 22q13 terminal deletion.

Global cerebellar 
hypoplasia

Prenatal infections Congenital CMV infection

Prenatal teratogens Antiepileptic drugs (valproate; phenytoin); retinoic 
acid; alcohol; cocaine

Chromosomal 
abnormalities

Trisomy (13, 18 and 21); partial trisomy 12q; 
monosomy 21q; trisomy 15 mosaicism; monosomy 
1p36; ring chromosome 6; de novo X;8 
translocation; 13q12.3-q14.11 deletion

Metabolic disorders

Adenylosuccinase deficiency; Smith-Lemli-Opitz  
syndrome; Molybdenum cofactor deficiency 
and isolated sulfite oxidase deficiency; copper 
metabolism disease (SLC33A1-mutation); 
Zellweger syndrome; nonketotic hyperglycinemia; 
mitochondrial disorders (Leigh disease, pyruvate 
dehydrogenase deficiency) Mucopolysaccharidoses 
(type I and II);

Genetic syndromes

Ritscher-Schinzel (3C) syndrome; Hoyeraal-
Hreidarsson syndrome; CHARGE syndrome; 
Endosteal sclerosis; oculocerebrocutaneous 
(Delleman) syndrome; IER3IP1-mutation; 
neurofibromatosis type 1; pseudo-TORCH 
syndrome; velocardiofacial syndrome; 
oculodentodigital syndrome; Cohen syndrome; 
Cri du Chat syndrome; Pallister-Killian syndrome; 
Galloway-Mowat syndrome; Sengers syndrome; 
OPHN1-related X-linked intellectual disability

Non-progressive cerebellar 
ataxias

CA8; WDR81; ATP8A2; CWF19L1; ITPR1; PMPCA; ATP2B3 
(X-linked) and CACNA1A

Pontocerebellar 
hypoplasia

Pontocerebellar hypoplasia 
as defined by Barth PCH type 1-10

Cortical malformations

Lissencephaly (RELN, VLDRL, tubulin gens >> LIS1, 
DCX, ARX); polymicrogyria (tubulin genes, GPR56); 
periventricular nodular heterotopia (FLNA); primary 
microcephaly

Metabolic diseases Congenital disorders of glycosylation (mostly type 
1a but also type 1q)

Genetic disorders CASK mutation; Cerebellar agenesis (PTF1A)

Α-dystroglycanopathies Walker-Warburg syndrome; muscle-eye-brain 
disease; Fukuyama disease

Posterior fossa 
malformations Pontine tegmental cap dysplasia

Disruptive lesions Cerebellar agenesis; cerebellar injury secondary to 
prematurity

Legend: Differential diagnosis based on neuroimaging patterns of cerebellar hypoplasia seen on MRI. Copied and adapted 
with permission of Whiley and Sons publisher.37
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Table V: Differential diagnosis of cerebellar atrophy on MRI38

Neuroimaging pattern Diseases

Pure cerebellar atrophy

Ataxia Telangiectasia; Ataxia Telangiectasia like 
disorder; Late-onset GM2 gangliosidosis; Ataxia 
with oculomotor apraxia type 1-4; PEHO syndrome; 
CACNA1A-mutation (episodic ataxia type 2; SCA6; 
familial hemiplegic migraine type1); mevalonate 
kinase deficiency; SCAR7 (TPP1 gene); SCAR10 
(ANO10 gene); SCAR13 (GRM1 gene); SCAR14 (SPTBN2 
gene); SCA29 (ITPR1 gene); predominant dystonia 
with cerebellar atrophy; GRID2 mutation; Coenzyme 
Q10 deficiency; mitochondrial disorders

Cerebellar atrophy and 
hypomyelination

Pelizaeus-Merzbacher disease; Pelizaeus-Merzbacher 
like disease; Salla disease; 4H; H-ABC; galactosemia; 
trichothiodystrophy

Cerebellar atrophy and 
progressive white matter 
abnormalities 

Frontal 
predominance Infantile neuroaxonal dystrophy (PLA2G6 mutation)

Periventricular 
predominance

Neuronal ceroid lipofuscinoses (particularly 
late-infantile type); Niemann-Pick type C; 
Adenylosuccinase deficiency

Occipital 
predominance Early-onset peroxisomal disorders

Subcortical L-2-hydroxyglutaric aciduria; Kearns-Sayre syndrome

Diffuse cerebral Vanishing white matter disease; mitochondrial 
disorders

Cerebellar Peroxisomal disorders; Cerebrotendinous 
xanthomatosis (CTX)

Brainstem Wilson disease; Peroxisomal disorders; Leigh 
syndrome; dentate-rubral-pallido-luysian atrophy

Multifocal Mitochondrial disorders; Galactosemia; Infantile 
neuroaxonal dystrophy; L-2-hydroxyglutaric aciduria.

Cerebellar atrophy and signal 
change of the dentate nucleus

L-2-hydroxyglutaric aciduria; CTX; Wilson disease; 
Succinic semialdehyde dehydrogenase deficiency

Cerebellar atrophy and 
cerebellar cortex T2-
hyperintensity

Infantile neuroaxonal dystrophy; Marinesco-Sjörgen 
syndrome; congenital disorders of glycosylation 1a; 
Christianson syndrome; coenzyme Q10 deficiency; 
late infantile neuronal ceroid lipofuscinosis; 
pontocerebellar hypoplasia type 7; some forms 
of non-progressive cerebellar ataxia; some 
mitochondrial disorders

Cerebellar atrophy and basal 
ganglia involvement

Calcifications
Kearns-Sayre syndrome; mitochondrial disorders; 
Cockayne syndrome; Aicardi-Goutières syndrome; 
MELAS

Atrophy H-ABC; Wilson diseases (late); Huntington chorea 
(inconsistent)

Signal changes Mitochondrial disorders; Wilson disease; 
3-methylgutaconic aciduria

Legend: Differential diagnosis based neuroimaging patterns with cerebellar atrophy. The diagnosis atrophy is sometimes 
only possible with two successive MRI scans. The table is subdivided according to additional findings on the MRI. Copied and 
adapted with permission of Whiley & Sons publisher. 38

chapter 8

8



127

Step 5: Laboratory investigations
For laboratory testing of blood, urine and/or cerebrospinal fluid, see Table VI. These laboratory 

testing may also reveal acquired ataxias like inflammatory and infectious diseases. The following 

section addresses metabolic EOA disorders which can be picked up by laboratory investigations. 

Auto-immune diseases, infectious and deficiencies 

It should be mentioned that most auto-immune and infectious disease reveal a (sub)acute 

disease onset which is usually contrasted by the more insidious onset in EOA. Most auto-

immune diseases reveal MRI abnormalities not compatible with a genetic/metabolic EOA 

diagnosis. However, some auto-immune diseases may lack MRI abnormalities and can therefore 

be mistakenly held for genetic or metabolic disorders. 

Figure 2: Examples of specific hindbrain malformations on MRI

Legends: a) This T
2 

weighted axial plane
 
showing the typical “Molar tooth sign” of a patient with Joubert syndrome. The 

figure illustrates the deep inter-peduncular fossa of the mesencephalon. Together with the elongated and horizontally 
placed superior cerebellar peduncles gives the appearance of a “molar tooth”. b) T

2
 mid-sagital plane showing enlargement 

of the posterior fossa with an upward displacement of a hypoplastic cerebellar vermis. There is also a cystic dilatation of the 
fourth ventricle with upward displacement of the tentorium cerebri.c) T

2
 coronal plane showing distinct hypoplasia of both 

cerebellar hemispheres (as indicated by the arrows) with relative preservation of the cerebellar vermis, often referred to as a 
“dragonfly” appearance in patients with pontocerebellar hypoplasia. Hypoplasia of the pontine structures, can be evaluated 
on a midsagittal T

2
-weighted image (not shown). d) T

2
 axial plane of the pons in a patient with ARSACS (SACS gene) showing 

distinct medial hypointense pontine stripes. Laterally there is a hyperintense signal of the pons, as indicated by both arrows. 
e) T

2 
coronal plane of the posterior part of the cerebellum. There is a clear fusion of both cerebellar hemispheres with the 

absence of the vermis, indicative of a rhomboencephalosynapsis.
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Vitamin deficiencies (B
1
 and B

12
) can result in slowly progressive ataxia (very rare in children) and 

therefore we advise to test for them when performing laboratory investigations, see Table VI.

Table VI: Additional laboratory investigations

Blood investigations Disease groups and specific diseases

Leukocytes, thrombocytes,  haemoglobin, 
ammiona, urea, creatine, bloodsmear for 
acanthocytes, biotinidase, thyroid function 
(TSH, FT4) transferrin electrophoresis, 
actylcarnitine, lactate, CK, 

Metabolic diseases, POLG1

Vitamin B1, B12* and Vitamin E AVED, abetalipoproteinemia (Wernicke encephalopathy)

Copper and ceruloplasmin Wilson’s disease

Very long chain fatty acids, phytanic and 
pipecolic acid, bile acids Peroxisomal diseases

Lysosomal enzymes* (ASA, ßgal, Hex A and B) Lysosomal storage diseases

Anti NMDA* Auto-immune/paraneoplastic

Albumin 
Cholestanol

AOA1 and AOA4, CTX
CTX

Cholesterol, triglycerides Abetalipoproteinemia,  AOA1

Alpha-fetoprotein AT and AOA2

Urine investigations Disease group and specific diseases

Amino acids and organic acids
Bile acid alcohol

IEM
CTX

Cerebrospinal fluid investigations Disease group and specific diseases

Glucose*, cell count*, amino acids, lactate/
pyruvate IEM, GLUT1 and POLG1

Anti-NMDA antibodies* Auto-inflammatory/Paraneoplastic

Legend: Laboratory investigations to perform in early onset ataxia. Abbrevations: TSH = Thyroid stimulating hormone; FT4 
= Thyroxine; CK = Creatine kinase; ASA = Arylsulfatase A; bgal = Beta-galactosidase; HEX-A = Hexosaminidase A; HEX-B = 
Hexosaminidase B; NMDA = N=Methyl-D-Aspartate; GAD = Glutamic Acid Decarboxylase; POLG1 = Polymerase gamma 
1 gene mutation; AVED = Ataxia with Vitamin E deficiency;  CTX = Cerebrotendinous xanthomatosis; AOA1 = Ataxia with 
oculomotor apraxia type 1; AT = Ataxia telangiectasia; AOA2 = Ataxia with oculomotor apraxia type 2; AOA4 = Ataxia with 
oculomotor apraxia type 4; IEM =Inborn Errors of Metabolism; GLUT1 =  Glucose transporter 1 deficiency.* These investigations 
are optional but should be normal for inclusion in de European Early Onset Ataxia Database.

Ataxia with Vitamin E deficiency

Ataxia due to vitamin E deficiency (AVED) is a rare inherited autosomal recessive disorder caused 

by a mutation in the alpha-tocopherol transfer protein (TTPA gene).44-51 The disease onset is 

in early childhood, ranging from 4-18 years of age.44,45,48,49 The clinical presentation of AVED 

resembles the phenotype of Friedreich ataxia with progressive gait and limb ataxia, dysarthria, 

posterior column dysfunction and areflexia with extensor response,44-51 sometimes associated 

with dystonia and myoclonus. In contrast to Friedreich ataxia, cardiac involvement is rare.48 AVED 
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patients may reveal a heterogeneous phenotype and disease severity, even within families.49 

Biochemical investigations reveal low serum levels of vitamin E, with normal cholesterol, 

triglycerides and beta-lipoproteins.44-51 Treatment consists of supplementary vitamin E in high 

doses, which can stabilize and/or ameliorate the neurological deficits. The prognosis of AVED 

depends on the timing of therapeutic intervention.46-49 

Abetalipoproteinemia

Abetalipoproteinemia is a metabolic disorder caused by an autosomal recessively inherited 

mutation in the microsomal triglyceride transfer protein (MTTP gene).52-54 Abetalipoproteinemia 

is characterized by severe lipid malabsorption from birth onwards. Diarrhea will develop after 

the first ingestion of milk. 52-54 Due to chronic fat malabsorption, the child fails to thrive and 

a deficiency of fat-soluble vitamins A, D, E and K occurs. The neurological manifestations of 

abetalipoproteinemia resemble AVED, since both diseases share vitamin E deficiency as a 

pathogenic factor.55 However, in contrast to AVED, abetalipoproteinemia is also associated with 

low serum levels of cholesterol, triglycerids, apo-B proteins, other fat-soluble vitamins (A, D, E 

and K) and acanthocytes in microscopic bloodsmears.52,54 Abetalipoproteinemia is treated by a 

low fat diet and supplementation with fat-soluble vitamins.52 Vitamin E supplementation may 

stabilize and/or even improve neurological symptoms.46-49 

Cerebrotendinous xanthomatosis (CTX)

Cerebrotendinous xanthomatosis (CTX) is an rare recessive metabolic disorder caused by 

a mutation in the CYP27A1 gene.56-60 CTX is characterized by multi-organ involvement with a 

delayed symptom onset (mean age of presentation is 19 years).58,60 In children, early disease 

manifestations include cataract and intractable diarrhea, followed by tendon xanthoma’s, 

neurological symptoms and psychomotor retardation.58 The neurological presentation of CTX 

can be subdivided in a classic phenotype with cerebellar signs, parkinsonism and epilepsy and 

a spinal phenotype with a chronic myelopathy.57-59 Other co-occuring neurological features are 

pyramidal tract signs, dystonia, palate myoclonus and psychiatric symptoms.57-59 Biochemically, 

CTX is characterized by a five- to tenfold increase in cholestanol, normal to low levels of cholesterol 

and increased urine excretion of urine bile acid alcohol.61 Neuroimaging plays a significant role 

in the diagnosis of CTX, demonstrating cerebellar atrophy with white matter changes and 

increased signal of the dentate nuclei on T
2
-images.62,63 CTX is treated by the administration of 

chenodeoxycholic acid which can improve the neurologic symptoms and prognosis.64,65 

Ataxia with oculomotor apraxia type 1 (AOA1)

Ataxia with oculomotor apraxia type 1 (AOA1) is an autosomal recessive disorder caused by a 

mutation in the APTX gene, encoding for the aprataxin protein. Mean age of disease onset is 

around 4 years.66,67 The presenting sign is a slowly progressive ataxic gait. Patients frequently 

show deficits in initiating horizontal saccades, which defines “oculomotor apraxia”, sometimes 

compensated by ipsilateral head turning to facilitate saccade initiation. The oculomotor apraxia 
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is present in almost all patients with AOA1. AOA1 clinically resembles Friedreich ataxia, but AOA1 

does not include a cardiomyopathy. Additional movement disorders like dystonia, chorea and 

myoclonus are much more frequent in AOA1 than in Friedreich ataxia, and the neuropathy 

also shows a motor component while it is purely sensory in Friedreich ataxia.66,67 Supporting 

biochemical changes includes low albumin, and increased blood cholesterol levels. There is no 

curative treatment for AOA1.67 

Ataxia with oculomotor apraxia type 2 (AOA2)

After Friedreich ataxia, AOA2 is the second most common recessively inherited ataxic disorder in 

young adults.67,68 The AOA2 phenotype resembles AOA1, with respect to a progressive cerebellar 

ataxia and the co-occurrence of dystonia.67-71 However, the disease onset is later (between 11 and 

20 years), the concurrent neuropathy is less severe, and the oculomotor apraxia is only present 

in 50% of the patients.67 Biochemically, AOA2 is characterized by an increased alpha-fetoprotein 

(AFP).66-71 AOA2 is caused by bi-allecic mutations in the gene SETX encoding senataxin. As for 

AOA1, there is no curative treatment for AOA2. 

Ataxia telangiectasia (AT)

Ataxia telangiectasia (AT) is a rare, recessive, neurodegenerative, DNA repair disorder caused 

by bi-allecic mutations in the ATM gene.72 Clinically, classic AT is characterized by a cerebellar 

gait disorder in toddlers, with slow progression over years.72 Around the age of 5-8 years, 

oculo-cutaneous telangiectasia may develop.72 Associated neurological features include both 

hypokinetic and hyperkinetic (chorea and dystonia) movement disorders, which may (rarely) 

prevail over the ataxia.73 Peripheral neuropathy commonly develops later during the disease 

course.74 Non-neurological signs of AT include immune deficiencies (causing frequent infections), 

malignancies (especially lymphoid) and radiation sensitivity.72 Biochemically, AT is characterized 

by an elevated AFP in serum (in 95% of the patients), which increases during lifetime, and is 

even a reliable biomarker in atypical late onset cases.75 Treatment of the neurological signs is 

symptomatic. However, the systemic manifestations such as immune deficiency may be treated 

with immunoglobulines and steroids. In patients with AT, X-ray examinations should be avoided, 

due to the propensity of severe radiation induced tissue damage. 72 

Step 6: Array investigation
In patients with combined features, mental impairment, dysmorphisms and/or other congenital 

abnormalities, array CGH may help to detect Copy Number Variants (CNV). For chromosomal and/

or syndromal diseases presenting with ataxia and/or radiological characteristics for cerebellar 

hypoplasia/atrophy, see Table IV and V.39,40

 

Step 7: Next Generation Sequencing (NGS)
Next-generation sequencing (NGS), is the catch-all term used to describe a number of different 

modern sequencing technologies including: tests of specific gene panels (Targeted Resequencing 

chapter 8

8



131

Panels (TRS)), the coding regions (Whole Exome Sequencing (WES)) with or without a filter for 

the specific genes and/or  the entire genome (Whole Genome Sequencing (WGS)).8,9  In recent 

years many laboratories adapted WES as a general diagnostic NGS strategy for the majority of 

diagnostic applications. It is important to realize that there are some disadvantages/limitations to 

these novel techniques. Firstly, one should first be sure which genes are in the panel or filter and 

if those genes are indeed of interest for the diagnostic test. Secondly, repeat disorders, mutations 

in noncoding parts of the genome (like deep intronic regions or promotor regions) and large 

rearrangements (deletions and duplications) are not detected by NGS at this moment.8,76 Finally, 

mutations in mitochondrial DNA (mtDNA) will be missed by NGS techniques, and will require 

separate analysis of mtDNA.

In the diagnostic algorithm, when neuroimaging and laboratory investigations are negative 

the next step is to perform NGS diagnostics to evaluate possible mutations in known ataxia 

associated genes, see Table VII. When a targeted approach aimed at known/common EOA 

associated genes is negative a whole exome sequencing, preferably with a trio analysis of 

the index patients and both parents should be applied to detect de novo mutations as well 

as atypical presentations of a known Mendelian disease not frequently associated with EOA.77 

Therefore, phenotypic assessment stays crucial to determine whether the results of genomic 

analyses explain the clinical phenotype of the patient. 

Consider targeted mtDNA analysis, when NGS techniques remain negative or in case of clinical 

high suspicion of a mitochondrial disorder. 
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Table VII: Ataxia gene filter for Whole Exome Sequencing

Gene (OMIM) Disease name Inher-
itance Additional features

Autosomal dominant ataxic disorders

SPTBN2 (604985) Spinocerebellar ataxia 
type 5 AD Facial myokymia, pyramidal signs and bulbar 

dysfunction

KCNC3 (176264) Spinocerebellar ataxia 
type 13 AD Pyramidal signs, developmental delay

PRKCG (176980) Spinocerebellar ataxia 
type 14 AD In rare cases dystonic and myoclonic features

ITPR1 (147265) Spinocerebellar ataxia type 
15/16/29 AD Hyperreflexia

IFRD1 (606502) Spinocerebellar ataxia 
type 18 AD Neuropathy

KCND3 (605411) Spinocerebellar ataxia type 
19/22 AD Myoclonus, cognitive disorders

TMEM240 (616101) Spinocerebellar ataxia 
type 21 AD Parkinsonism with rigidity, cognitive disorders

FGF14 (601515) Spinocerebellar ataxia 
type 27 AD Polyneuropathy, mild mental retardation, 

tremor

AFG3L2 (604581) Spinocerebellar ataxia 
type 28 AD Spasticity, dystonia, parkinsonism

TGM6 (613900) Spinocerebellar ataxia 
type 35 AD Pyramidal signs

VAMP1 (185880) Spastic ataxia type 1 AD Spastic paraplegia, dystonia
POLG (174763) POLG related ataxia AD

OPA1 (605290) Dominant optic atrophy 
plus syndrome (DOA+) AD Rapidly progessive visual disturbances

SLC2A1 (138140) Glucose transporter 
deficiency (GLUT-1) AD In infantile onset also epilepsy/epileptic 

encephalopathy

TUBB4a (602662)

Hypomyelinating 
leukoencephalopathy with 
Atrophy of Basal Ganglia 
and Cerebellum (H-ABC)

AD Mental retardation, rigidity, dystonia, tremor

CAMTA-1 (611501) CAMTA-1 syndrome AD Mental retardation; delayed speech 
development

GFAP (137780) Alexander disease AD Normal intellect, spasticity, bulbar signs

SCN8A (600702) Cognitive impairment with 
or without cerebellar ataxia AD Cognitive disorders

PIGN (606097)
Multiple congenital 
anomalies-hypotonia-
seizures syndrome

AD Developmental delay, hypotonia, seizures, 
tremor, hypertelorism

EBF3 (617330)
Hypotonia, ataxia and 
delayed development 
syndrome

AD Developmenal delay, hypotonia, apraxia

CTNNB1 (116806) Mental retardation 
autosomal dominant 19 AD Severe intellectual disability, microcephaly, 

hypotonia, spastic diplegia
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Gene (OMIM) Disease name Inher-
itance Additional features

Autosomal recessive ataxic disorders

ATM (607585) Ataxia Telangiectasia AR Telangiectasia, different movement disorders, 
increased risk for malignancies

MRE11A (600814) Ataxia Telangiectasia like 
disorder (ATLD) AR Dystonia, chorea

PCNA (176740) Ataxia Telangiectasia like 
disorder 2 (ATLD2) AR Developmental delay

APTX (606350) Ataxia with oculomotor 
apraxia type 1 AR Ocular apraxia, mental regression, axonal 

polyneuropathy

SETX (608465) Ataxia with oculomotor 
apraxia type 2 AR Ocular apraxia (less than type 1), dystonia, 

pyramidal signs, polyneuropathy

PIK3R5 (611317) Ataxia with oculomotor 
apraxia type 3 AR Muscle weakness, polyneuropathy

PNKP (605610) Ataxia with oculomotor 
apraxia type 4 AR Muscle weakness, dystonia, cognitive disorders, 

polyneuropathy

SACS (604490) Spastic ataxia of Charlevoix-
Saguenay (ARSACS) AR Spasticity, Polyneuropathy

TDP1 (607198) Spinocerebellar ataxia with 
axonal neuropathy (SCAN1) AR Axonal neuropathy

TTPA (600415) Ataxia with isolated vitamin 
E deficiency AR Dystonia

SPG7 (602783) Spastic paraplegia type 7 AR Spastic paraplegia

SPG11 (610844) Spastic paraplegia type 11 AR Extrapyramidal signs, progressive weakness, 
mental retardation, seizures

KIF1A (601255) Spastic paraplegia type 30 AR Mental retardation, spastic paraplegia, axonal 
polyneuropathy

KIF1C (603060) Spastic ataxia type 2 AR Tremor, Spasticity, Fasciculations

CAPN1 (114220) Spastic paraplegia type 76 AR Spastic paraplegia, axonal polyneuropathy, 
nystagmus

PMPCA (213200) Spinocerebellar ataxia 
autosomal recessive type 2 AR Hyperreflexia, hypotonia, pes cavus

ANO10 (613726) Spinocerebellar ataxia type 
10 (ARCA3) AR Fasciculations

WDR73 (616144)

Cerebellar ataxia with 
mental retardation, 
optic atrophy and skin 
abnormalities (CAMOS)

AR Developmental delay, seizures, microcephaly

ZNF592 (613624)

Cerebellar ataxia with 
mental retardation, 
optic atrophy and skin 
abnormalities (CAMOS)

AR Developmental delay, seizures, microcephaly

TPP1 (607998)

Spinocerebellar ataxia 
autosomal recessive type 
7/ Late infantile neuronal 
lipofuscinosis 2

AR Posterior column dysfunction

SYNE1 (608441) Spinocerebellar ataxia 
autosomal recessive type 8 AR Hypertonia, mental retardation, dystonia

ADCK3 (606980)
Spinocerebellar ataxia 
autosomal recessive type 9/ 
coenzyme Q10 deficiency

AR Myoclonus, tremor, pyramidal signs, seizures, 
mental retardation
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Gene (OMIM) Disease name Inher-
itance Additional features

WWOX (605131) Spinocerebellar ataxia 
autosomal recessive type 12 AR Developmental delay, seizures

GRM1 (604473) Spinocerebellar ataxia 
autosomal recessive type 13 AR Developmental delay, speech disorders, 

seizures

SPTBN2 (604985) Spinocerebellar ataxia 
autosomal recessive type 14 AR Developmental delay, cognitive disorders, 

spasticity

KIAA0226 (613516)
Spinocerebellar ataxia 
autosomal recessive type 
15/ Salih ataxia

AR Developmental delay, mental retardation, 
seizures

STUB1 (607207) Spinocerebellar ataxia 
autosomal recessive type 16 AR Cognitive disorders, tremor, spasticity, 

hypogonadotropic hypogonadism

CWF19L1 (616127) Spinocerebellar ataxia 
autosomal recessive type 17 AR Hyperreflexia, hypotonia, delayed language

GRID2 (602368) Spinocerebellar ataxia 
autosomal recessive type 18 AR Developmental delay, speech disturbances

SLC9A1 (616291) Spinocerebellar ataxia 
autosomal recessive type 19 AR Sensorineural deafness, areflexia

SNX14 ( 616105) Spinocerebellar ataxia 
autosomal recessive type 20 AR Mental retardation, hypotonia, hearing loss

SCYL1 (616719) Spinocerebellar ataxia 
autosomal recessive type 21 AR Peripheral neuropathy, episodic liver failure, 

subclinical optic atrophy

VWA3B (616948) Spinocerebellar ataxia 
autosomal recessive type 22 AR Intellectual disability, pyramidal signs, thin 

corpus callosum

TDP2 (616949) Spinocerebellar ataxia 
autosomal reccesive type 23 AR Seizures (refractory), nonspecific dysmorphic 

features

UBA5 (617133) Spinocerebellar ataxia 
autosomal recessive type 24 AR Cataract, normal cognition, demyelinating 

sensorimotor neuropathy

MTPAP (613669) Autosomal recessive spastic 
ataxia type 4 AR Spastic paraplegia

CLCN2 (600570) Leukoencephalopathy with 
ataxia AR Leucoencephalopathy on MRI

FLVCR1 (609144) Ataxia, posterior column 
with retinitis pigmentosa AR Posterior column dysfunction, retinitis 

pigmentosa

PNPLA6 (603197) Boucher-Neuhauser 
syndrome AR Hypogonadotropic hypogonadism

RNF216 (609948)
Cerebellar ataxia with 
hypogonadotropic 
hypogonadism

AR Hypogonadotropic hypogonadism, chorea

GOSR2 (604027) North sea myoclonus 
syndrome AR Ataxia in early childhood, later on myoclonus

ACO2 (100850) Infantile cerebellar and 
retinal degeneration AR Hypotonia, seizures, nystagmus

ATCAY (601238) Cerebellar ataxia Cayman 
type AR Hypotonia, marked mental retardation, 

nystagmus
SIL1 (608005) Marinesco-Sjögren disease AR Myopathy, spasticity, mental retardation
ABHD12 (613599) PHARC/Refsum like disease AR Spasticity, demyelinating polyneuropathy

POLG (174763)

Sensory Ataxic Neuropathy, 
Dysarthria and 
Opthalmoparesis (SANDO 
syndrome)

AR Sensory polyneuropathy, progressive external 
opthalmoparesis, seizures
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Gene (OMIM) Disease name Inher-
itance Additional features

C10ORF2 (606075) Infantile onset 
spinocerebellar ataxia AR Seizures, Hypotonia, Speech delay, eye 

movement disorders

POLR3A (614258)

4H syndrome 
(hypomyelinisation, 
hypodontia, 
hypogonadotropic 
hypogonadism)

AR Hypomyelinisation, atrophy of the basal 
ganglia on MRI, disturbed dental development

POLR3B (614366)

4H syndrome 
(hypomyelinisation, 
hypodontia, 
hypogonadotropic 
hypogonadism)

AR Hypomyelinisation, atrophy of the basal 
ganglia on MRI, disturbed dental development

EIF2B2-B5 
(606454)

Vanishing white Matter 
disease AR Spasticity, cognitive disorders

HSD17B4 (601860) Perrault syndrome AR Deafness, axonal polyneuropathy
SLC17A5 (604322) Salla disease AR Hypotonia, nystagmus, regression

ERCC8 (609412) Cockayne syndrome type A AR
Hearing loss, optic atrophy, nystagmus, cardiac 
arrhythmias, mental retardation, basal ganglia 
calcifications, seizures

ERCC6 (609413) Cockayne syndrome type B AR

Hearing loss, optic atrophy, nystagmus, cardiac 
arrhythmias, mental retardation, basal ganglia 
calcifications, seizures (more severe than type 
A)

PLA2G6 (603604) Infantile neuroaxonal 
dystrophy 1/NBIA 2 AR

Hypotonia, generalized weakness, spastic 
tetraplegia, seizures, signal hyperintensity of 
the cerebellar cortex seen on T2-weighted MRI

C19orf12 (614297)
Neurodegeneration with 
brain iron accumulation 
type 4

AR Extrapyramidal signs, axonal polyneuropathy

QARS (603727) Progressive cerebello-
cerebral atrophy AR Hypotonia, developmental delay, seizures

FA2H (611026) FA2H-associated 
neurodegenaration AR Extrapyramidal signs, hypertonia, optic 

atrophy, seizures, dementia

CSTB (601145) Myoclonic epilepsy 
Unverich Lundborg AR Mild retardation, progressive myoclonus 

epilepsy

DNAJC3 (601184)
Diabetes mellitus 
and multisystem 
neurodegeneration

AR Diabetes mellitus, polyneuropathy, hearing 
loss, small posture

ROBO3 (608630) Horizontal gaze palsy with 
progressive scoliosis AR Progressive scoliosis, horizontal gaze palsy

VLDLR (192977)

Cerebellar hypoplasia and 
mental retardation with 
or without quadrupedal 
locomotion

AR Quadrupedal locomotion, mental retardation, 
cortical gyral simplification, pachygyria

ARHGEF2 (607560)

WDR81 (614218)
Cerebellar ataxia, 
mental retardation and 
dysequilibrium syndrome 2

AR Severe mental retardation, quadrupedal gait, 
tremor, scoliosis

CA8 (114815)
Cerebellar ataxia with 
mental retardation with or 
without quadropedal gait

AR Quadropedal gait, mild mental retardation

PAX6 (607108) Gillepsie like syndrome AR Eye abnormalities like aniridia, mental 
retardation
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Gene (OMIM) Disease name Inher-
itance Additional features

ATP8A2 (605870)
Cerebellar ataxia, 
mental retardation and 
dysequilibrium syndrome 4

AR Severe truncal ataxia with sometimes 
quadrupedal locomotion

GPSM2 (609245) Chudley-McCullough 
syndrome AR

Hearing loss, hydrocephalus, hypoplasia of the 
corpus callosum, cerebellar hypoplasia, focal 
cerebellar dysplasia

PTF1A (607194) Pancreatic and cerebellar 
agenesis AR Pancreatic hypoplasia/agenesis, cerebellar 

hypoplasia/agenesis, seizures

MED17 (603810)
Postnatal progressive 
microcephaly with seizures 
and brain atrophy

AR
Severe developmental delay, seizures 
(hypsarrhythmia), severe cerebellar atrophy 
on MRI

LAMA1 (150320) Poretti-Boltshauser 
syndrome AR Delayed speech development, ocular apraxia. 

Cerebellar cortical and subcortical cysts on MRI

ERCC2 (126340) Trichothiodystrophy 1 AR Mental retardation, brittle hairs, deafness, 
photosensitivity

ERCC3 (133510) Trichothiodystrophy 2 AR Mental retardation, brittle hairs, deafness, 
photosensitivity

GTF2H5 (608780) Trichothiodystrophy 3 AR Mental retardation, brittle hairs, deafness, 
photosensitivity

WFS1 (606201) Wolfram syndrome AR Diabetes mellitus, diabetes insipidus, optic 
atrophy, nystagmus, seizures

SLC52A2 (607882) Brown-Vialetto-van Laere 
syndrome type 2 AR Neuropathy, optic atrophy, hearing loss, 

tonguefasciculations, respiratory failure

MED20 (612915) MED20 related basal ganglia 
and brain atrophy unknown

KCNJ10 (612780) SeSAME syndrome AR Seizures, Sensorineural deafness, mental 
retardation and electrolyte imbalance

THG1L Cerebellar ataxia with 
developmental delay AR Developmental delay, pyramidal signs, vermis 

hypoplasia

LYST (606897) Chediak Higashi syndrome AR
Decreased pigmention of hair and eyes, 
progressive mental decline, peripheral 
neuropathy

X-linked recessive ataxic disorders

PLP1 (300401) Pelizaeus-Merzbacher 
disease XLR

Microcephaly, nystagmus, developmental 
disorders, seizures, chorea, dystonia, diffuse 
white matter hyperintensities on T

2
-weighed 

MRI

ATP2B3 (300014) Spinocerebellar ataxia 
X-linked recessive type 1 XLR Strabismus, nystagmus, delayed motor 

development, non-progressive disorder

OPHN1 (300127)
Mental retardation with 
cerebellar hypoplasia and 
distinctive facial appearance

XLR Macrocephaly, long face, prominent forehead, 
hypotelorism, mental retardation.

ABCB7 (300135) Sideroblastic anemia with 
ataxia XLR Pyramidal signs, hypochromic microcytic 

anemia,

DKC1 (300126) Dyskeratosis congenita XLR Pancytopenia, reticulated skin pigmentation, 
sparse eyelashes

SLC9A6 (300231) Christianson syndrome XLR
Mental retardation, opthalmoplegia, lack of 
speech, seizures, happy demeanor (phenotypic 
similarities to Angelman syndrome)

PIGA (311770)
Multiple congenital 
anomalies-hypotonia-
seizures syndrome type 2

XLR
Epileptic encephalopathy, psychomotor arrest 
and regression, cerebellar hypoplasia and 
dysplastic pons
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Gene (OMIM) Disease name Inher-
itance Additional features

Metabolic disorders wit ataxic features

CYP27A1 (606530) Cerebrotendinous 
xanthomatosis AR Mental retardation, spasticity, psychiatric 

symptoms, xanthomas

NPC1 (607623) Niemann-Pick type C AR Psychiatric symptoms, dystonia, vertical gaze 
palsy

ATP7B (606882) Wilson disease AR Psychiatric symptoms, dystonia, liver failure, 
Kayser-Fleish rings

PHYH (602026) Refsum disease AR Sensomotor polyneuropathy

PMM2 (601785) Congenital disorder of 
glycosylation type Ia AR Hypotonia, psychomotor retardation, seizures

HEXB (606873) Sandhoff disease AR Muscle wasting, startle reaction, fasciculations
MTTP (157147) Abetalipoproteinemia AR Retinopathy, fat malabsorption

CLN5 (608102) Neuronal ceroid 
lipofuscinosis type 5 AR Progressive vision loss, retinal degeneration, 

seizures, myoclonus

PPT1 (600722) Neuronal ceroid 
lipofuscinosis type 1 AR Progressive vision loss, retinal degeneration, 

seizures, psychomotor regression

TPP1 (607998) Neuronal ceroid 
lipofuscinosis type 2 AR

Progressive vision loss, retinal degeneration, 
psychomotore regression after the age of 2 
years, seizures

CLN3 (607042) Neuronal ceroid 
lipofuscinosis type 3 AR Progressive vison loss, retinitis pigmentosa, 

juvenile onset

ARSA (607574) Metachromatic 
leukodystrophy AR Gallbladder dysfunction, muscle weakness, 

chorea, dystonia, spastic tetraplegia, seizures

PSAP (176801) Metachromatic 
leukodystrophy AR Gallbladder dysfunction, muscle weakness, 

chorea, dystonia, spastic tetraplegia, seizures

ABCD1 (300371) Adrenoleukodystrophy XLR Addison disease, adrenomyeloneuropathy, 
seizures, cognitive decline

AARS2 (612035)
Progressive 
leukoencephalopathy with 
ovarium failure

AR Nystagmus, developmental delay, tremor, 
dystonia, apraxia, premature ovarian failure

GALT (606999) Galactosemia AR Cataract, hepatomegaly, mental retardation

HEXA (606869) Tay-Sachs disease AR Increased startle respons, psychomotor 
degeneration, dementia

MCOLN1 (605248) Mucolipidosis type IV AR
Mental retardation, hypotonia, corneal 
clouding, spastic quadriplegia, cerebellar 
atrophy on MRI

PEX10 (602859) Peroxisome biogenesis 
disorder type 6B AR Hypotonia, distal sensory impairment. Axonal 

motor neuropathy

L2HGDH (609584) L-2-Hydroxyglutaric aciduria AR Psychomotor regression, dystonia, spastic 
tetraparesis, seizures, cerebellar atrophy on MRI

SCOX (609751) Peroxisomal acyl-CoA 
oxidase deficiency AR Neonatal hypotonia, pyramidal signs later on in 

life, seizures, dystonia,

ALDH5A1 (610045) Succinic semialdehyde 
dehydrogenase AR Mental retardation, seizures, autism, 

hallucinations

MVK ( 251170) Mevalonic aciduria AR Hypotonia, mental retardation, seizures, retinal 
dystrophy

DHA1 (300502) Pyruvate dehydrogenase 
complex E1 deficiency XLD Seizures, hypotonia, mental retardation, 

dystonia, chorea

ATP7A (300011) Menkes disease XLR Hypopigmentation, Steely kinky sparse hair, 
hypertonia, seizures
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Gene (OMIM) Disease name Inher-
itance Additional features

CYB5R3 (613213) Methemoglobinemia type II AR Developmental delay, opisthotonus, 
hypertonia, spasticity, cyanosis

AUH (600529) 3-methylglutaconic aciduria 
type 1 AR Spastic tetraplegia, dystonia, cognitive 

impairment, cerebral and basal ganglia atrophy
Genes associated with a Molar tooth sign on MRI

INPP5E (613037) Joubert syndrome type 1 AR Neonatal breathing problems, liver en kidney 
problems

TMEM216 (613277) Joubert syndrome type 2 AR
Nystagmus, jerky eye movements, ocular 
apraxia, coloboma, neonatal breathing 
problems

AHI1 (608894) Joubert syndrome type 3 AR Ocular apraxia, nystagmus, retinal dystrophy, 
end stage renal failure

NPHP1 (607100) Joubert syndrome type 4 AR Ocular apraxia, nystagmus, renal failure, 
nepronophthisis, gross motor delay

CEP290 (610142) Joubert syndrome type 5 AR
Congenital amaurosis, nystagmus, retinal 
coloboma, ocular apraxia, neonatal breathing 
problems, renal failure, mental retardation

TMEM67 (609884) Joubert syndrome type 6 AR
Ocular apraxia, retinal degeneration, breathing 
dysregulation, hepatic fibrose, renal failure, 
mental retardation

RPGRIP1L (610937) Joubert syndrome type 7 AR
Ocular apraxia, nystagmus, neonatal breathing 
problems, scoliosis, polydactyly, mental 
retardation

ARL13B (608922) Joubert syndrome type 8 AR Pigmentary retinopathy, optic disc pallor, 
breathing anomalies, occipital encephalocele

CC2D2A (612013) Joubert syndrome type 9 AR Mental retardation, seizures, retinitis 
pigmentosa, cataract

OFD1 (300170) Joubert syndrome type 10 XLR Cystic renal disease, hirsutism, mental 
retardation,

TTC21B (612014) Joubert syndrome type 11 AR

KIF7 (611254) Joubert syndrome type 12 AR Mental retardation, seizures, hypotonia, absent 
or hypoplastic corpus callosum

TCTN1 (609863) Joubert syndrome type 13 AR Frontotemporal pachygyria

TMEM237 (614423) Joubert syndrome type 14 AR Postaxiale polydactyly, hypotonia, 
encephalocele

CEP41 (610523) Joubert syndrome type 15 AR
Ocular apraxia, breathing abnormalities, 
hypotonia, developmental delay, mental 
retardation

TMEM138 (614459) Joubert syndrome type 16 AR Ocular apraxia, retinal dystrophy, coloboma

C5orf42 (614571) Joubert syndrome type 17 AR Ocular apraxia, episodic hyperventilation, 
polydactyly, syndactyly

TCTN3 (613847) Joubert syndrome type 18 AR Breathing abnormalities, polydactyly, 
horseshoe kidney

ZNF423 (604557) Joubert syndrome type 19 AD Polycystic kidney disease, retinal degeneration, 
leber congenital amaurosis

TMEM231 (614949) Joubert syndrome type 20 AR
Ocular apraxia, retinopathy, breathing 
abnormalities, lack of speech, aggressive 
behavior

CSPP1 (611654) Joubert syndrome type 21 AR Hearing loss, abnormal breathing, liver fibrosis, 
hypotonia.

PDE6D (602676) Joubert syndrome type 22 AR Microphthalmia, retinal dysplasia, coloboma, 
developmental delay
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Gene (OMIM) Disease name Inher-
itance Additional features

KIAA0586 (610178) Joubert syndrome type 23 AR Abnormal eye movements, developmental 
delay, brainstem heterotopia

TCTN2 (613846) Joubert syndrome type 24 AR Nystagmus, hypertropia, hypotonia, absent 
speech, spasticity, polymicrogyria, pachygyria

Genes associated with Dandy Walker Malformation on MRI

ZIC1 (600470) Craniosynostosis type 6 AD Craniosynostosis, hypotonia, developmental 
delay, little to no language

KIAA0196 (610657) Ritscher-Schinzel syndrome AR Hypotonia, posterior fossa cyste, cerebellar 
vermis hypoplasia

ZIC4 (608948) Dandy Walker syndrome AR Bulging occiput, cranial nerve palsies, 
nystagmus

FOXC1 (601090) Axenfeld-Rieger syndrome 
type 3 AD Hypertelorism, hearing loss, saddle nose, 

hypodontia

LAMC1 (150290) Dandy Walker malformation 
with occipital cephalocele AD Macrocephaly, occipital cephalocele

NID1 (131390) Dandy Walker malformation 
with occipital cephalocele AD Macrocephaly, occipital cephalocele

AP1S2 (300629) Pettigrew syndrome XLR Contractures, developmental delay, seizures, 
chorea, spasticity

FGF17 (603725)
Genes associated with pontocerebellar hypoplasia on MRI

VRK1 (602168) Pontocerebellar hypoplasia 
type 1A AR Respiratory insufficiency, hypotonia, 

fasciculations (clinically resembles SMA1)

EXOSC3 (606489) Pontocerebellar hypoplasia 
type 1B AR Nystagmus, ocular apraxia, spasticity, global 

developmental delay

TSEN54 (608755) Pontocerebellar hypoplasia 
type 2A/4/5 AR

Poor sucking, extrapyramidal signs, spasticity, 
opisthotonus, dragonfly like pattern seen on 
coronal MRI

TSEN2 (608573) Pontocerebellar hypoplasia 
type 2B AR Central visual impairment, hypotonia, chorea, 

seizures, opisthotonus.

TSEN34 ( 608754) Pontocerebellar hypoplasia 
type 2C unknown Microcephaly, extrapyramidal signs, seizures

SEPSECS (613009) Pontocerebellar hypoplasia 
type 2D AR Progressive microcephaly, contractures, mental 

retardation, spastic tetraplegia, seizures

VPS53 (615850) Pontocerebellar hypoplasia 
type 2E AR Progressive microcephaly, contractures, 

hypotonia, developmental delay, seizures

RARS2 (611524) Pontocerebellar hypoplasia 
type 6 AR Progressive microcephaly, poor sucking, 

hypotonia, developmental delay, seizures

TOE1 (613931) Pontocerebellar hypoplasia 
type 7 AR Severe developmental delay, ocular apraxia 

and seizures

CHMP1A (164010) Pontocerebellar hypoplasia 
type 8 AR Mental retardation, poor speech, spasticity, 

chorea

AMPD2 (102771) Pontocerebellar hypoplasia 
type 9 AR Developmental delay, spasticity, axial 

hypotonia, seizures

CLP1 (608757) Pontocerebellar hypoplasia 
type 10 AR Developmental delay, seizure

CASK (300172)
Mental retardation 
and microcephaly wit 
pontocerebellar hypoplasia

XLD Hypotonia, muscle weakness, mental 
retardation, spasticity

Legends: Total overview of all genes which are associated with ataxia. In this table also the genes associated with a molar 
tooth sign, Dandy Walker Malformation and Pontocerebellar hypoplasia on MRI are given. OMIM = Online Mendelian 
Inheritance in Man; AD = autosomal dominant; AR = autosomal recessive; XLR = X-linked recessive; XLD = X-linked dominant.
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Systematic collection of data to improve future phenotype/genotype 
correlations and the detection of new genes (European EOA database)
As implicated by the enormous variety in underlying genetic and/or metabolic disorders, the 

EOA disease spectrum is enormously broad. Although application of NGS techniques may result 

in a high diagnostic yield,78  60-70% of EOA patients will still remain undiagnosed. This is due to 

still unrecognized monogenetic disorders, complex genetic disorders or disorders caused by 

epigenetic factors. In this perspective, the CACG-EPNS has collaborated with the adult Ataxia 

Study Group (ASG) to assemble all EOA patients in one international database from childhood to 

adulthood. We hope that in the future by using one uniform diagnostic algorithm will result in: 1. 

novel insights in the longitudinal disease course of rare underlying disorders; 2. identification of 

new genes, unraveling complex genetic disorders and the identification of possible epigenetic 

factors; 3. the development of new treatment strategies in larger homogeneous patient groups; 

and 4. characterization of transparent markers for monitoring.6 

CONCLUSION

Innovative NGS techniques have recently become available, warranting a diagnostic algorithm 

for EOA children. In the near future, the application of these techniques is likely to expand, 

offering possibilities to discover novel genetic entities and phenotypes. Hopefully, the 

presented pediatric EOA algorithm will help clinicians in the diagnostic process, together with 

a multidisciplinary approach (genetics) and adequate phenotypic assessment, resulting in a 

higher diagnostic yield in EOA patients.
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SUMMARY

Ataxia is characterized by the loss of smooth goal directed movements.1-4  The cerebellum and 

its networks are crucial for the fine tuning of smooth goal directed movements, and disruption 

in any of these pathways is likely to result in ataxia.1-4 Ataxia starting before the age of 25 years 

is referred to as Early Onset Ataxia (EOA)5-7 and comprises many different underlying etiologies. 

EOA concerns a group of rare mostly metabolic or genetic disorders with an estimated prevalence 

of 14.6 per 100.000 individuals.8 The clinical presentation of EOA is heterogeneous with either a 

“core ataxic” phenotype (in which ataxia is the dominant movement disorder) or a “combined or 

comorbid ataxic” phenotype (in which other movement disorder features are dominant or even 

prevail over the ataxia). This may hamper uniform recognition and phenotypic assessment of 

ataxia.9,10 The assessment of EOA is also hampered by concurrence of normal, immature motor 

coordination which can resemble ataxic features.11 Both the phenotypic heterogeneity and the 

occurrence of immature motor behavior makes the assessment of children with EOA challenging.

For adequate surveillance of the severity of ataxia, different rating scales are applicable for children. 

The most frequently used are the “International Cooperative Ataxia Rating Scale” (ICARS),12 the 

“Scale for Assessment and Rating of Ataxia” (SARA)13 and the “Brief Ataxia Rating Scale” (BARS).14 

These scales were found to be reliable biomarkers in adults, in whom it was indicated that the 

scales are only influenced by the severity of ataxia.12-16 In children however,  the reliability of ataxia 

rating scales have never been tested before. We hypothesize that determining the pediatric 

reliability could elucidate whether comorbid features and immature motor behavior in children 

could influence ataxia rating scale scores. 

The main aim of the thesis is to determine the reliability of diagnostic tools for EOA patients. The 

first part (chapters 2-6) focuses on the reliability of quantitative ataxia rating scales. The second 

part describes the neurologic evaluation of the phenotypic characterization of EOA patients 

(chapter 7) and provides a diagnostic algorithm to elucidate the underlying etiology in EOA 

patients (chapter 8). 

In chapter 2, a comparative pilot study of ataxia rating scales is presented, performed in 52 

typically developing children. Outcomes reveal high reliability of all tested ataxia rating scales 

with an Intraclass Correlation Coefficient (ICC) of 0.90 (95% CI 0.80 – 0.95) for inter-observer 

agreement. An important finding of this study is the age-dependency of the rating scale scores. 

Younger healthy children reveal physiologically higher rating scale scores than older children. At 

about the age of 12 years, the developmental influence of age disappears and rating scale scores 

start to approximate adult values. 

In chapter 3, we described a cross-sectional study on the speech sub-scale of the ICARS 

and SARA in 52 healthy children and 40 EOA patients. This study demonstrates age-dependency 
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of the speech sub-scale in healthy children but this effect appears small and negligible in EOA 

patients. To determine whether the speech sub-scale is feasible in an international study (with 

a potential language bias), we tested a syllable repetition task. Outcomes reveal comparable 

results for the official speech sub-scale and the syllable repetition task, implicating that language 

does not affect international rating scale studies. 

In chapter 4, we undertook a large European multicenter study, including 156 children from 

nine different countries, to determine the reliability of the SARA in further extent. This study 

strongly confirms the pilot data obtained in a single center and provided normative reference 

values for the application of the SARA in typically developing children (four to sixteen years). 

After determining the reliability of ataxia rating scales in healthy children, the reliability of the 

scales were also tested in EOA patients. In chapter 5 and chapter 6 we described the reliability, 

the convergent and discriminant validity of ataxia rating scales. In a cross-sectional study of 40 

EOA patients, we showed high reliability of ataxia rating scales with inter- and intra-observer 

agreement ranging from 0.91 to 0.99 (Intraclass Correlation Coefficient). As age-dependent 

influence and the variability of the ataxia rating scale scores was higher in the youngest children 

(under 8 years), interpretation of these scores seems less reliable. Therefore, we investigated 

whether a surrogate marker with a smaller variability, such as the SARA sub-scale gait, could be 

used instead. The convergent validity, addressing the question whether the SARA sub-scale gait 

measures the same as other coordination scales, is high. Also, the SARA sub-scale gait is strongly 

correlated with total SARA scores (rs
=0.935; p<0.001). Based on these findings, it is implicated that 

the SARA sub-scale gait may provide a tool for the quantitative estimation of ataxia severity in 

young EOA children (under 8 years of age). Although the reliability and convergent validity of 

ataxia rating scales was high, the discriminant validity of the ataxia rating scales (i.e. do they 

only measure the severity of ataxia) appeared low. This is attributed to the fact that ataxia rating 

scale scores were also influenced by comorbid movement disorder features such as dystonia, 

myoclonus, chorea, and muscle weakness.

 

In chapter 7, we presented a cross-sectional study in 40 EOA patients to determine phenotypic 

reliability. All video-taped patients were assessed by seven observers. The inter-observer 

agreement on phenotypic characterization appeared moderate with a Fleiss’ Kappa of 0.45 (95% 

CI: 0.38 – 0.51), reflecting the phenotypic difficulties in assessing combined movement disorder 

phenotypes in EOA children. 

In chapter 8, we provided a clinical diagnostic algorithm focused on genetic testing after 

excluding acquired forms of EOA. The algorithm integrates clinical, neuroradiologic and genetic 

features to guide the clinician in the diagnostic work-up in EOA patients. 
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GENERAL DISCUSSION

Reliability of quantitative diagnostic measures of Early Onset Ataxia
The three most frequently used ataxia rating scales (ICARA,12 SARA13 and BARS14) are reliable 

biomarkers for the assessment of ataxia severity in adults. In adults, ataxia rating scales are 

indicated to be influenced only by the severity of ataxia.12-16 In the first part of the thesis, we 

showed that ataxia rating scales are also reliable biomarkers for the assessment of ataxia in 

children as well, with similar inter-observer agreement outcomes as in adults (.91-.99 versus .91-

.98, respectively).17 However, in children, age, comorbid movement disorder features and muscle 

weakness can also influence (and confound) ataxia rating scale scores.17-19 As a clear physiologic 

age-dependency on ataxia rating scale scores was present,18,19 one may derive that cerebellar 

development and maturation is expressed by immature motor coordination that resemble 

ataxic features.3,11,20-22 As these features fulfil the official rating scale criteria, they may theoretically 

induce “falsely positive” ataxia rating scale scores. To compensate for these influences, pediatric 

ataxia rating scale scores should include an age-correction, the highest in the youngest children 

as they reveal the strongest effect by immaturity. To date the SARA is the only ataxia rating 

scale in children which reliability is determined to full extent.19 However, the variability of 

total SARA scores was higher in the younger children, reflecting their larger range of normal 

neurodevelopment. In children aged 4 to 8 years, this may affect the interpretation of total SARA 

scores. Therefore, we evaluated whether the SARA sub-scale gait with less variation but a high 

correlation with total SARA scores could be used instead to estimate the ataxia severity in the 

youngest children. In the future, we hope to elucidate the application of the SARA sub-scale gait 

into further extent.

Interestingly, the timing of the optimum value of the SARA sub-scale gait and kinetic 

corresponded with the development of the vermis (for gait and axial stability at the age of 8 

years) and cerebellar hemispheres (for kinetic motor functions at the age of 13 to 14 years).23 

In pediatric EOA, we also investigated the influence of other potentially confounding factors 

such as comorbid movement disorders and other (non)-neurological features.17,24 Ataxia rating 

scale scores, solely depended on the severity of the most prominent movement disorder. This 

is due to the fact that other hyperkinetic movement features can resemble ataxic features. For 

example, myoclonic jerks of an action myoclonus may fulfil the official rating scale criteria to 

induce a positive score. This implicates that comorbid features may also induce “falsely positive” 

ataxia rating scale scores.

Other neurological comorbidities, such as muscle weakness influences ataxia rating scale 

scores as well. The data in chapter 5, confirms previously obtained data in Friedreich ataxia 

patients, revealing a positive correlation between muscle weakness and ataxia rating scale 

scores.24 This is explained by the fact that sufficient muscle strength is needed to perform 

smooth goal directed movements. In paretic patients, the lack of muscle strength can enhance 

sloppiness which, again, may be interpreted as ataxia. Furthermore, it is important to realize 
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that severe muscle weakness can induce a maximal plateau score.24 For example, when severely 

paretic patients are unable to lift their legs against gravidity, the heel-shin slide test will be 

automatically quantified with the maximal score. 

In addition to the described confounding factors one might anticipate that there are still 

other confounding factors such as a neuro(no)pathy. To date, there is no clinical study that 

separately evaluated the effect of a neuro(no)pathy on ataxia rating scales, although we would 

expect such a confounding effect as well. 

To summarize, quantitative ataxia rating scales in pediatric EOA are reliable biomarkers for the 

assessment of ataxia. However, in contrast to application of rating scales in adults, application in 

children should also involve interpretation for age, concurrent movement disorders and muscle 

strength. 

Reliability of phenotypic diagnostic measures of Early Onset Ataxia
EOA comprises a group of rare heterogeneous disorders not only regarding etiology but also with 

respect to the clinical phenotype.9,10 In children, comorbid hyperkinetic movement disorders, 

such as myoclonus, chorea or dystonia can even prevail over ataxia.9 This may be attributed to the 

propagation of a disturbed signal within the cerebellar networks, involving afferent connections 

from the subthalamic nucleus, whereas cerebellar output signals, through the thalamus and 

the cerebral cortex may affect the basal ganglia.25-27 Together with the frequent comorbidity of 

other (non)-neurological features and the early evolvement of the disease, this may complicate 

the phenotypic characterization of EOA patients.10 This complexity was illustrated by the study 

results of chapter 7, revealing only moderate agreement by movement disorder specialists on 

the neurologic phenotypic assessment.10 This emphasizes the necessity to provide the clinician 

with supportive markers for uniform assessment. The SARA sub-scale gait could serve as such 

a supportive marker. If the relative contribution of the SARA sub-scale gait exceeds 30% of the 

total SARA score, the presence of ataxia as primary movement disorder becomes more likely.10 

This implicates that early in the EOA disease course, the evaluation of gait is potentially helpful to 

discern between cerebellar ataxia and other (comorbid) movement disorders. 

In therapeutic studies, ataxia rating scale outcomes are frequently used as primary endpoints. For 

adequate interpretation of the scores, it is advisory to identify potentially confounding factors 

and to determine the exact movement disorder phenotype, especially when small fluctuations in 

ataxia rating scale scores are regarded as therapeutic effects. This is illustrated by a recent study 

performed in a phenotypically heterogeneous group of ataxic patients treated with riluzole.28 

The investigators eventually concluded that riluzole was effective for the treatment of ataxia, as 

the improvement of only 1 point on the SARA scores was regarded as effective. This study did 

not correct for the potentially confounding effects of the heterogeneous phenotype. Therefore 

we advise homogeneous patient inclusion (regarding age and phenotype) for therapeutich 

trials to elucidate the true effect on the tested intervention.29 
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Diagnostic work-up
In perspective of the heterogeneity of EOA etiologies and the difficult phenotypic assessment, 

the diagnostic work-up may be difficult and time-consuming. New diagnostic algorithms for 

movement disorder assessment involve Next Generation Sequencing (NGS) techniques.30,31 

NGS techniques enable the sequencing of multiple disease associated genes, instead of one at 

the time by traditional Sanger sequencing. In other heterogeneous disorders such as epilepsy, 

early onset dystonia and myoclonus, NGS techniques have resulted in higher diagnostic yield, 

lower costs and shorter diagnostic work-up.30-32 In collaboration with the Childhood Ataxia and 

Cerebellar Group of the European Pediatric Neurology Society (CACG-EPNS) we developed 

such a clinical diagnostic algorithm with emphasis on neuroradiology and genetic work-up. We 

hope that uniform approach will lead to a higher diagnostic yield, homogeneous data entry in 

international databases and to the identification of new ataxia associated genes in the future. 

FUTURE PERSPECTIVES

Scales
In children younger than 4 years of age, determining the reliability of ataxia rating scales may 

be helpful. In perspective of the large variation of SARA total scores in children 4 to 8 years of 

age, the use of the SARA sub-scale gait may be preferable in younger children (<4 years of age). 

Furthermore, subsequent studies focusing on other confounding factors related to ataxia rating 

scales such as neuro(no)pathy may provide important insight in the pediatric construct of these 

instruments. 

Diagnostic possibilities
As the new diagnostic algorithm has not been tested in children, a study regarding the 

diagnostic yield is important. A possible approach to determine the diagnostic yield of a NGS 

EOA panel is to use it in the evaluation of children. At the same time an independent group 

of ataxia experts should review the clinical history and neurological examination to form a 

diagnostic plan, consisting of neuroradiology, laboratory investigations and genetic testing.32 In 

such a way the diagnostic yield of the NGS EOA panel could be determined. Also the time taken 

to reach a diagnosis and the influences on healthcare related costs can be compared between 

both strategies. 

Therapeutic options
To date there are no treatment options for degenerative ataxias. The use of invasive and non-

invasive stimulation treatments are upcoming treatment modalities. In ataxic patients, non-

invasive treatment techniques like Transcranial Magnetic Stimulation (TMS) and Transcranial 

Direct Current Stimulation (tDCS) are proven to be save and feasible and result in improvement 

of ataxic features. However, the use of TMS and tDCS were mostly performed in patients with 
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ataxia primarily caused by cerebrovascular disease.33-35 To clarify the effect of these techniques 

in degenerative ataxias a randomized placebo-controlled trial is needed. To date, Deep Brain 

Stimulation (DBS) is not an effective treatment for ataxic patients, but the technique may be 

applied as treatment for comorbid symptoms such as tremor or dystonia. Interestingly, in the 

DBS treated patients the ataxic symptoms improved as well, 36-38 potentially due to the effect 

on basal ganglia-cerebellar networks. Further research is warranted to elucidate whether DBS 

provides an effective treatment option in pediatric ataxias, focusing on finding the best target 

for ataxia improvement. 

In degenerative cerebellar ataxias the current treatment focuses on preservation of 

functional performance by physiotherapy. Recently, specific rehabilitation techniques with 

exercise videogaming (exergames) showed that ataxic symptoms may be ameliorated and that 

functional performance improved.39 In future research, the best type of exergame for each EOA 

phenotype must be identified. For instance, is the use of static or dynamic balance training 

sufficient or is kinetic training also necessary. Secondly, it is important to determine whether the 

training effect persists over time or that continuous training is required to sustain the effect. For 

exploration of the new therapeutic options, the implementation of the current knowledge on 

the ataxia rating scale data may hopefully provide a reliable basis for interpretation of the scales. 

CONCLUSIONS

This thesis shows that quantitative diagnostic tools such as ataxia rating scales are applicable 

and reliable tools in children. However, for optimal interpretation of ataxia rating scale outcomes, 

the recognition of confounding factors such as age, comorbid movement disorders and other 

(non-)neurological features is crucial. Hopefully, these data may contribute to the surveillance of 

EOA disease progression and to reliable interpretation of future innovative treatment strategies 

for EOA patients. 
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Ataxie wordt gekenmerkt door het verlies van vloeiende doelgerichte bewegingen. De kleine 

hersenen (cerebellum) met zijn netwerken is sterk betrokken bij de afstemming van deze 

vloeiende doelgerichte bewegingen. Bij een onderbreking van deze netwerken kan ataxie 

ontstaan. Wanneer ataxie voor de leeftijd van 25 jaar ontstaat wordt dit “Early Onset Ataxia” 

(EOA) genoemd. EOA omvat een grote groep ziektebeelden met verschillende onderliggende 

oorzaken. 

EOA omvat voornamelijk een groep van zeldzame metabole en genetische aandoeningen 

met een geschatte prevalentie van ongeveer 14.6 per 100.000. De klinische presentatie van EOA 

is heterogeen, met een “kern atactisch fenotype” (waar ataxie het dominante symptoom is) en 

een “gecombineerd atactisch fenotype” (waar andere bewegingsstoornissen dominant zijn of 

zelfs voor het ontstaan van de ataxie al aanwezig zijn). Dit belemmert een uniforme herkenning 

van ataxie bij het fenotyperen van patiënten. De beoordeling van kinderen met EOA wordt ook 

belemmerd door het gelijktijdig voorkomen van een normaal, maar onrijp bewegingspatroon 

wat vergelijkbare kenmerken van ataxie vertoont. Zowel het heterogene fenotype en het 

voorkomen van een onrijp bewegingspatroon resulteert in een uitdagende taak om kinderen 

met EOA te beoordelen. 

Voor het vaststellen en vervolgen van de ernst van de ataxie bij kinderen kunnen verschillende 

ataxieschalen gebruikt worden. De meest gebruikte schalen zijn de “International Cooperative 

Ataxia Rating Scale” (ICARS), de “Scale for Assessment and Rating of Ataxia” (SARA) en de 

“Brief Ataxia Rating Scale” (BARS). Deze schalen zijn betrouwbaar toepasbaar bij volwassenen 

waarbij de schalen alleen beïnvloed werden door de ernst van de ataxie. Bij kinderen is de 

betrouwbaarheid van de ataxieschalen nog nooit getest. Wij veronderstellen dat het bepalen 

van de betrouwbaarheid van de ataxieschalen bij kinderen noodzakelijk is om de invloed van 

de bijkomende neurologische verschijnselen en het onrijp bewegingspatroon te verduidelijken. 

Het doel van dit proefschrift is om de betrouwbaarheid van de diagnostische instrumenten 

te testen voor EOA-patiënten. In het eerste deel van het proefschrift (hoofdstuk 2-6) wordt 

ingegaan op de betrouwbaarheid van de kwantitatieve ataxieschalen. Het tweede deel van het 

proefschrift beschrijft de neurologische evaluatie van de fenotypische kenmerken van EOA-

patiënten (hoofdstuk 7) en biedt een diagnostisch algoritme om de onderliggende oorzaak van 

de ataxie te vinden (hoofdstuk 8). 

BETROUWBAARHEID VAN KWANTITATIEVE INSTRUMENTEN 
IN EOA

In hoofdstuk 2 wordt een vergelijkende studie van drie ataxieschalen beschreven, afgenomen 

bij 52 gezonde kinderen. Uitkomsten tonen een hoge betrouwbaarheid van alle drie onderzochte 

schalen met een “Intraclass Correlation Coefficient” (ICC) van 0.90 (95% betrouwbaarheidsinterval: 

0.80 – 0.95) voor de inter-beoordelaarsbetrouwbaarheid. Een belangrijke bevinding van deze 

studie is het duidelijke leeftijdsafhankelijke effect op de scores van de ataxieschalen. Jonge 
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gezonde kinderen hebben fysiologisch hogere scores dan oudere kinderen. Rond de leeftijd 

van 12 jaar lijkt de invloed van het ontwikkelende cerebellum te verdwijnen en benaderen de 

scores van de ataxieschalen de volwassen waarden. 

Hoofdstuk 3 beschrijft een cross-sectionele studie van de spraak sub-schaal van de ICARS 

en de SARA verricht bij 52 gezonde kinderen en 40 EOA-patiënten. Deze studie toonde een 

leeftijdsafhankelijk effect van de spraak sub-schaal bij de gezonde kinderen. Bij de EOA-patiënten 

was dit leeftijdsafhankelijke effect klein en verwaarloosbaar. Om te bepalen of de spraak sub-

schaal haalbaar is voor een internationale studie (gezien er een mogelijk vertekend beeld kan 

ontstaan door verschillende talen), introduceerden we een taak waarbij lettergrepen herhaald 

moesten worden. De resultaten toonden dat de officiële spraak sub-schaal vergelijkbaar was 

met de door ons ontwikkelde lettergrepentaak. Dit impliceert dat taal geen invloed heeft op de 

ataxieschalen in grote internationale studies. 

In hoofdstuk 4 wordt een grote Europese multicenterstudie beschreven, waarin 156 

gezonde kinderen van negen verschillende landen zijn geïncludeerd om de betrouwbaarheid 

van de SARA verder te onderzoeken zodat het eveneens gebruikt kan worden voor internationale 

doeleinden. Deze studie bevestigde de eerder gevonden resultaten van hoofdstuk 2, aangaande 

de betrouwbaarheid en het leeftijdsafhankelijke effect op de SARA scores. Deze studie resulteerde 

in normaalwaarden voor de SARA voor gezonde kinderen van vier tot 16 jaar. 

Na de validatie van de ataxieschalen bij gezonde kinderen werd de betrouwbaarheid van 

de schalen ook getest bij EOA-patiënten. In hoofdstuk 5 en hoofdstuk 6 beschrijven wij de 

betrouwbaarheid, de convergente en de onderscheidende validiteit van de drie ataxieschalen.  

In een cross-sectioneel onderzoek bij 40 EOA-patiënten toonden we een hoge inter- en intra-

beoordelaarsbetrouwbaarheid tussen de 0.91 en 0.99 (ICC) aan. In hoofdstuk vier bleek het 

leeftijdsafhankelijke effect en de variabiliteit van de scores op ataxieschalen bij de jongste 

kinderen (onder de 8 jaar) het grootst te zijn. Dit zou kunnen resulteren in een minder betrouwbare 

interpretatie van de ataxieschalen in deze leeftijdscategorie. Derhalve onderzochten we of een 

surrogaatmarker met een kleinere variabiliteit, zoals de sub-schaal lopen en staan, gebruikt kan 

worden. De convergente validiteit onderzoekt de vraag of deze sub-schaal hetzelfde meet als 

andere coördinatieschalen. De convergente validiteit voor deze sub-schaal lopen en staan van de 

SARA is hoog, evenals de correlatie met totale SARA-scores (rS
=0.935; p<0.001).  Deze bevindingen 

ondersteunen het gebruik van de SARA sub-schaal lopen en staan om de ernst van de ataxie bij 

jonge kinderen (onder de 8 jaar) te kunnen schatten. De betrouwbaarheid en de convergente 

validiteit van de ataxieschalen zijn dan wel hoog, de onderscheidende validiteit van de ataxie 

schalen (meten ze echt alleen de ernst van de ataxie?) bleek laag te zijn. Dit werd veroorzaakt 

doordat bijkomende verschijnselen zoals dystonie, myoclonus, chorea en spierzwakte de scores 

van de ataxieschalen ook beïnvloeden. 
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BETROUWBAARHEID VAN FENOTYPISCHE INSTRUMENTEN 
BIJ EOA

In hoofdstuk 7 beschrijven we een cross-sectioneel onderzoek waarin de fenotypische 

betrouwbaarheid in een groep van 40 EOA-patiënten bepaald wordt. Alle patiënten werden 

gefilmd en deze fragmenten werden door 7 bewegingsstoornisspecialisten beoordeeld. De 

inter-beoordelaarsbetrouwbaarheid van de fenotypische herkenning van EOA was laag met een 

Fleiss Kappa van 0.45 (95% betrouwbaarheidsinterval: 0.38 – 0.51). Deze betrouwbaarheid geeft 

duidelijk weer dat een daadwerkelijke uniforme beoordeling van het “gecombineerd atactisch” 

fenotype moeilijk is.

Hoofdstuk 8 beschrijft een klinisch diagnostisch algoritme dat de clinicus kan helpen in 

het vinden van de onderliggende oorzaak van EOA. Door middel van 7 opeenvolgende stappen 

bestaande uit klinische, neuroradiologische, laboratoriumonderzoek en genetische onderzoeken 

kan tot een diagnose gekomen worden. Nieuwe genetische testen zoals Next Generation 

Sequencing (NGS), hebben het mogelijk gemaakt om sneller en meer genen in een keer te 

onderzoeken. Hoofdstuk 8 bevat derhalve een panel waarin meerdere ataxie geassocieerde 

genen zijn opgenomen die gebruikt kunnen worden voor het genetische onderzoek middels 

NGS technieken. 

TOEKOMSTPERSPECTIEVEN

Schalen
Voor kinderen jonger dan 4 jaar is het bepalen van de betrouwbaarheid van ataxieschalen 

wenselijk. Door de grote variatie van de totale SARA scores bij kinderen tussen de 4 en 8 jaar, lijkt 

het gebruik van de SARA sub-schaal lopen en staan de voorkeur te hebben in kinderen jonger 

dan 4 jaar. Derhalve zal de SARA sub-schaal lopen en staan verder onderzocht moeten worden 

in kinderen jonger dan 4 jaar. Naast de in dit proefschrift beschreven factoren zijn er ook nog 

andere factoren te bedenken die van invloed kunnen zijn op de ataxieschalen. 

Diagnostische mogelijkheden
Het beschreven algoritme in hoofdstuk 8 is nog niet getest bij kinderen en een studie naar 

de diagnostische opbrengst is belangrijk. Een mogelijke benadering om de diagnostische 

opbrengst van een dergelijk algoritme te bepalen is om het algoritme in de klinische situatie 

te gaan gebruiken. Op hetzelfde moment zal een panel van ataxiespecialisten op basis van het 

klinische beeld een diagnostisch plan vormen. Dit diagnostisch plan omvat neuroradiologisch 

onderzoek, laboratoriumonderzoek en genetische diagnostiek. Middels deze studieopzet kan de 

diagnostische opbrengst van het algoritme vergeleken worden met de nu bestaande gouden 

standaard. De tijd tot diagnose en de gemaakte kosten kunnen op deze manier eveneens 

vergeleken worden. 
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Behandelopties
Bij het schrijven van dit proefschrift zijn er geen behandelopties voor een neurodegeneratieve 

ataxie. Het gebruik van invasieve en niet-invasieve stimulatie methoden zijn belangrijke 

opkomende technieken. Bij atactische patiënten zijn niet-invasieve behandelingstechnieken 

zoals Transcraniele Magnetische Stimulatie (TMS) en Transcraniele Directe Currente Stimulatie 

(tDCS) bewezen veilig en haalbaar met een verbetering van de ataxie tot gevolg. Deze technieken 

zijn echter toegepast in een groep van atactische patiënten met een cerebrovasculaire 

aandoening als oorzaak. Om het effect van deze technieken in een neurodegeneratieve ataxie 

op te helderen zal een gerandomiseerde placebo-gecontroleerde studie plaats moeten vinden. 

Diepe Hersenkern Stimulatie (DBS) is eveneens geen effectieve behandeling voor atactische 

patiënten, maar wordt wel gebruikt voor de behandeling van bijkomende symptomen zoals 

tremor en dystonie. Opvallend is dat in deze met DBS behandelde patiëntengroep de ataxie 

ook lijkt te verbeteren, vermoedelijk door een effect op de netwerken tussen de basale ganglia 

en het cerebellum. Verder onderzoek is noodzakelijk om te bepalen of DBS echt een effectieve 

behandeling zou kunnen zijn voor ataxie, waarbij de eerste focus moet komen te liggen op het 

vinden van het beste stimulatietarget. 

De huidige behandeling van een neurodegeneratieve ataxie is gericht op het behoud van 

het dagelijkse functioneren. Recent hebben specifieke revalidatietechnieken met “exercise 

videogaming” (exergames) aangetoond dat de atactische symptomen en het dagelijks 

functioneren kunnen verbeteren. Toekomstig onderzoek zal erop gericht moeten zijn het beste 

type exergame te vinden voor de verschillende EOA-fenotypes waarbij bepaald moet worden 

of statische of dynamische balansoefeningen voldoende zijn of dat kinetische training ook 

noodzakelijk is. Tevens is het belangrijk om te bepalen of het trainingseffect blijft bestaan over 

de tijd of dat continue training noodzakelijk is om het gewenste niveau te behouden. Hopelijk 

dragen de gevonden resultaten van dit proefschrift bij in de verdere verkenning van deze 

nieuwe therapeutische opties. 

CONCLUSIE

Samenvattend toont dit proefschrift dat kwantitatieve diagnostische instrumenten, zoals 

de ataxieschalen, betrouwbaar toepasbaar zijn op de kinderleeftijd en dat de fenotypische 

beschrijving van EOA-patiënten moeizaam is. Voor het optimaal interpreteren van de 

uitkomsten van de ataxieschalen moet rekening gehouden worden met de leeftijd, bijkomende 

bewegingsstoornissen en andere neurologische kenmerken. Hopelijk zullen de resultaten van 

dit proefschrift bijdragen aan het klinisch vervolg en aan het betrouwbaar interpreteren van 

toekomstige behandelopties voor EOA-patiënten.
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DANKWOORD

We zijn aangekomen bij het meest gelezen hoofdstuk van een proefschrift, het dankwoord. 

Graag wil ik een aantal mensen bedanken voor hun inzet en hulp bij de totstandkoming van dit 

proefschrift. 

Allereerst wil ik alle gezonde proefpersonen, patiënten en ouders/verzorgers bedanken voor 

het meewerken aan de verschillende onderzoeken. Zonder jullie was dit proefschrift er nooit 

gekomen. 

Dr. D.A. Sival, beste Deborah, ik vergeet nooit meer onze eerste ontmoeting. In mijn laatste 

jaar van geneeskunde kwam ik bij jou langs om de inhoud van mijn wetenschappelijke 

stage te bespreken. Je had voor mij, gezien mijn interesse in beeldvorming, een project over 

spierechografie bij kinderen met spina bifida. Onze samenwerking is verder uitgegroeid met 

de gezamenlijke aandacht voor bewegingsstoornissen. Jouw manier van werken, werkt voor 

mij aanstekelijk en je hebt mij gemotiveerd om het beste uit mij naar boven te halen, wat heeft 

geresulteerd in dit proefschrift. Ik verwacht dat aan onze samenwerking nog lang geen einde 

zal komen.  

Dr. H. Burger, beste Huib, dank dat je mijn “statistische vraagbalk” wilde zijn. Ik bewonder nog 

steeds de manier waarop jij lastige statistische vraagstukken weet te reduceren tot begrijpelijke 

materie. Bij vervolgstudies was ik hierdoor vaak in staat om de statistiek zelf te doen. Helaas 

kwam het nog weleens voor dat een reviewer de statistische analyse anders wilde hebben, en 

dan kon ik altijd snel bij je terecht voor advies. Nogmaals dank, en wanneer ik in de toekomst 

statistische vragen heb, weet ik je te vinden!

Prof. Dr. M.A.J. de Koning-Tijssen, beste Marina. Hier ligt hij dan mijn proefschrift. Dank voor je 

hulp en steun om dit proefschrift er te laten komen. Je hebt me weten te “besmetten” met de 

fascinatie voor bewegingsstoornissen. Ik heb grote waardering voor je klinische blik en de hulp 

die je mij geboden hebt bij de verschillende onderzoeken. 

Prof. Dr. O.F. Brouwer, beste Oebo, ik weet nog goed dat ik samen met Dr. de. Jong vroeg of u 

nog een onderzoek had voor een wetenschappelijke stage. U heeft mij in contact gebracht met 

Deborah wat geresulteerd heeft in dit proefschrift. Tijdens mijn opleiding groeide mijn fascinatie 

voor de kinderneurologie, waarin uw manier van klinisch redeneren een grote rol heeft gespeeld. 

Ik ben nu bezig met mijn verdiepingsjaar kindergeneeskunde en zal daarna kinderneuroloog zijn, 

wat zonder uw hulp niet gelukt was. Voor alle ondersteuning en begeleiding van de afgelopen 

jaren: veel dank. 
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Beste leden van de leescommissie: Prof. Dr. G.H. de Bock, Prof. Dr. B. Dan en Prof. Dr. M.A.A.P. 

Willemsen. Dank voor het lezen en beoordelen van het manuscript van dit proefschrift. 

Dear members of the CACG-EPNS. I would like to thank all of you for the trust you gave me to 

perform research based on the ideas of workgroup.

Oud-collega’s neurologie-assistenten! Wat hebben wij een toch een leuke opleidingsgroep. Bij 

de verdediging van dit proefschrift is mijn opleiding tot neuroloog reeds afgerond. Ik wil jullie 

allemaal bedanken voor de fijne samenwerking van de afgelopen jaren.

Lieve Petra, Marieke, Vivianne, Ilse, Meriam en Sanne, ons “Zwollywood” groepje. Wat gaat de tijd 

toch snel. Ik kan me de jaren op A5 en A6 met de gezellige etentjes op vrijdagmiddag nog zeer 

goed heugen. Ik hoop dat ons groepje nog lang zal blijven bestaan. 

Ik heb het geluk gehad om met een aantal andere onderzoekers te mogen samenwerken. Een 

aantal van hen verdient persoonlijke aandacht. 

Renate, mijn wetenschappelijke carrière begon met spierechografie, jouw expertise! Je hebt 

me wegwijs gemaakt in onderzoeksland en we hebben al een aantal congressen samen mogen 

volgen. Dit was altijd supergezellig! Ik hoop dat er in de toekomst nog veel zullen volgen. 

Tinka, wij zijn ongeveer tegelijk begonnen met vergelijkbaar onderzoek. We hebben veel 

mogen samenwerken wat ik als zeer prettig heb ervaren. 

Marieke, dank voor je hulp en bijdrage aan dit proefschrift. Ik hoop dat jouw proefschrift ook 

snel is afgerond. 

Rodi, tijdens onze KNF-stage hebben we veel zitten discussiëren over het onderzoek, ik heb 

bewondering voor hoe jij je proefschrift hebt afgerond en verdedigd. 

Lisette, ik wil je bedanken voor de gezellige momenten in ons “gele” hok op de eerste 

verdieping. Vooral de koffiepauzes om tien uur zal ik niet snel vergeten. 

Lieve Petra. Wat ben ik vereerd dat jij mijn paranimf op deze dag wil zijn. Onze vriendschap is 

begonnen tijdens de coschappen en kijk waar we nu staan, beiden klaar als neuroloog! Ik wil 

je bedanken voor de steun die je mij hebt gegeven tijdens het onderzoek en de opleiding tot 

neuroloog. Voor het eerst in tijden gaan we niet samenwerken in hetzelfde ziekenhuis, maar ik 

weet zeker dat we elkaar altijd zullen blijven zien. 

Lieve Annemarie, bedankt dat jij mijn paranimf wil zijn. Het blijft bijzonder dat wij uiteindelijk 

zulke goede vrienden zijn geworden, vooral nadat je mij vertelde wat je eerste gedachte over 

mij was. In tegenstelling tot alle andere coassistenten ben jij niet “die hard” het specialistenleven 

ingedoken, maar heb je je hart gevolgd, waar ik diep respect voor heb. Ik hoop van harte dat 

onze vriendschap nog lang mag bestaan en dat jij nog een bijzondere rol in de toekomst voor 

mij wil gaan vervullen.
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Lieve pap en mam. Daar is hij dan, het boekje waar ik al zo lang over heb gesproken. Ik wil jullie 

bedanken voor de steun die jullie mij hebben gegeven. Jullie motto was: “Als jij het wilt doen, 

moet je het gewoon doen”. Dit heeft me gebracht tot waar ik nu ben. Ik hoop dat jullie genieten 

van deze speciale dag. 

Pap, dank voor het tekenen van de kaft van dit proefschrift, hierdoor is het voor mij nog 

persoonlijker geworden. 

Richard, broer, je interesse in mijn onderzoek heeft me geïnspireerd om verder te gaan, dank 

hiervoor!

Tess en Lynn. Lieve meiden. Jullie zijn op een bijzondere manier in mijn leven gekomen en hier 

ben ik nog dagelijks dankbaar voor. Jullie vrolijkheid, vriendelijkheid en enthousiasme hebben 

ertoe geleid dat ik enthousiast bleef om dit proefschrift af te ronden.

En als laatste, mijn lieve Maurice. Onze wegen zijn samen gekomen en we gaan op één weg 

verder. Dank voor je vertrouwen en steun, zonder dat ben ik nergens. 

Iedereen bedankt!

Rick
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CURRICULUM VITAE

Rick Brandsma werd op 21 juli 1984 geboren te Emmen. In 2002 behaalde hij zijn atheneumdiploma 

aan het Esdal Collega te Emmen. Na de uitloting voor de studie geneeskunde volgde hij de hbo-

studie “Medische Beeldvormende en Radiotherapeutische Technieken aan de Hanzehogeschool 

te Groningen welke hij in 2006 cum laude heeft afgerond. In 2006 kon hij via de zij-instroom 

Geneeskunde starten met de studie Geneeskunde aan de Rijksuniversiteit Groningen. In 

2008 begon zijn fascinatie voor de neurologie en vooral de kinderneurologie te groeien. Dit 

resulteerde in 2009 in een semi-arts stage op de afdeling neurologie van het Universitair Medisch 

Centrum Groningen gevolgd door een verdiepingsstage in de kinderneurologie. Voor zijn stage 

wetenschap kwam hij voor het eerst in contact met dr. D.A. Sival. Dit resulteerde in een verdere 

samenwerking wat de grondslag is geweest voor dit proefschrift. In 2010 behaalde hij cum laude 

zijn master in de geneeskunde. Hij is nadien gaan werken op de afdeling neurologie van de 

Isala Klinieken te Zwolle gedurende twee jaar. In januari 2012 begon hij met zijn opleiding tot 

neuroloog in het Universitair Medisch Centrum Groningen (opleider prof.dr. H.P.H. Kremer). Deze 

opleiding combineerde hij met wetenschappelijk onderzoek. De registratie tot neuroloog vond 

plaats op 1 januari 2018. Momenteel is hij werkzaam als fellow kinderneurologie op de afdeling 

kindergeneeskunde in het Martini Ziekenhuis te Groningen.
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