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ABSTRACT

AIM: To determine whether paediatric ataxia speech sub-scores are reliably appli-
cable 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 paediatric 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 as-
sociated 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).

CONCLUSIONS: 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 Cer-
ebellar 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 progres-
sion 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 paediatric 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 inves-
tigators 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 paediatric 
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 repeti-
tion 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.
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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 rea-
soned 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.

METHODS

PARTICIPANTS
The medical ethical committee of the University Medical Center Groningen, the 
Netherlands, approved the present pilot study. After informed consent by the par-
ents and children (when older than 12 years of age), we included 52 healthy chil-
dren (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 Medi-
cal Center Groningen between 1998 and 2013. Patient data are given in Table I.

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 Coef-
ficient (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

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 paediatric 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 
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healthy children: 1y 3mo [range: 1y 2mo-1y 4mo] and in patients with EOA 7mo 
[range: 5–8mo]). 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 paediatric neurologists indepen-
dently recognized presence of ataxia; or (2) when an ataxic diagnosis was not 
genetically or metabolically confirmed, but all three paediatric neurologists had 
independently recognized ataxia as the main symptom of the movement disorder. 
All other patients were assigned to a “combined” subgroup. Phenotypic assess-
ment and subsequent group assignment was repeated by the University Medical 
Center Groningen movement disorder team, revealing significant agreement upon 
the presented group assignment (unpublished data). 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), Hunting-
ton 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 paediatric 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 cor-
relation 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 inter-observer agreement by ICCs, using the 
two-way mixed model and single measurement coefficients.13 For uniformity rea-
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sons 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 character-
istics (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 paediatric neu-
rologists 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 
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“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).

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

Healthy children Patients with ataxia

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)

ICARS (International Cooperative Ataxia Rating Scale); SARA (Scale for assessment and Rating 
of Ataxia); SARASRT (SARA syllable repetition tests); NS = not significant; SD = standard de-
viation. a All indicated correlations were significant (p<0.05), except for the ataxic group with 
“mixed” features.
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Figure 1. Association between speech subscores and total ataxia scores

The association between speech subscores and total ataxia scores. The figure shows (a) ICARS 
and (b) SARA speech subscores 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 
subscore, ranging from 0 (no ataxic speech) to 8 and 6 (most severe ataxic speech; ICARS and 
SARA, respectively). EOA speech subscores 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.

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

ICARS (International Cooperative Ataxia Rating Scale); SARA (Scale for assessment and Rating 
of Ataxia); SARASRT (SARA syllable repetition tests). Inter-observer reliability are expressed by 
intraclass correlation coefficients (ICCs); inter-observer agreement is calculated between three 
paediatric neurologists. a p<0.001 for all indicated conditions.

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.
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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 How-
ever, we did not observe a similar speech sub-score age relatedness in young pa-
tients 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 paediatric 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 contrib-
uted 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 in-
ternationally uniform speech test conditions. We therefore investigated whether 
simple syllable repetition tasks (SARASRT) could reliably replace the more de-
tailed 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 
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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 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 assess-
ment. Thus far, preliminary international data in healthy children suggest that 
ICC outcomes tend to decline when different languages are involved (personal 
communication TF Lawerman, on behalf of the Childhood Ataxia and Cerebellar 
Group; European Paediatric Neurology Society meeting Brussels 2013). 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 repeti-
tion tasks reveal strong similarities, we would also expect similar results. Finally, 
we are aware that the same paediatric 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 (unpublished results) 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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