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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% 

ataxia scales in healthy children
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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.

ataxia scales in healthy children
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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.

ataxia scales in healthy children
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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.

ataxia scales in healthy children
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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

chapter 2
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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

ataxia scales in healthy children
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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.
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