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Abstract

Background A comprehensive evaluation of dysarthria is required to make an accurate differential diagnosis
with other communication disorders and plan effective rehabilitation programs. The Frenchay Dysarthria As-
sessment-2 (FDA-2) is a valid, reliable and widely-used protocol for the assessment of dysarthria. An Italian
version of the FDA-2 is currently lacking.

Aim To perform a cross-cultural adaptation of the FDA-2 in Italian and to validate the Italian version of the
FDA-2

Design Validation study

Setting Inpatient rehabilitation center

Population 69 patients with dysarthria and 112 healthy controls.

Methods The FDA-2 was translated and cross-culturally adapted to Italian. The validation study was carried
out in 4 steps: (1) 42 audio-recorded samples of FDA-2 items from 11 patients with dysarthria were inde-
pendently assessed by 7 speech and language pathologists for interrater reliability and re-assessed after 6
weeks for intrarater reliability; (2) 11 patients were simultaneously assessed by 3 speech and language thera-
pists for interrater reliability of the whole Italian version of the FDA-2 and re-assessed within 24 hours for
test-retest reliability; (3) the Italian version of the FDA-2 was administered to 112 healthy volunteers to gain
normative data; (4) 49 patients with different types of dysarthria were assessed using the Italian version of
the FDA-2, the Therapy Outcome Measure impairment scale and the Robertson Profile for the validity analy-
sis.

Results Interrater and intrarater reliability ranged from good to excellent (ICC >0.75) except for 3 audio-
recorded items. The overall protocol demonstrated excellent (ICC >0.9) inter-rater and test-retest reliability
for all the sections and the total score. Normative data were gained for 6 age groups. For the validity analysis,
a statistically significant difference was found between dysarthric patients and healthy subjects for all sections
and the total score. The FDA-2 significantly correlated to the Therapy Outcome Measure (r=0.75) and the
Robertson Profile (r=0.81).

Conclusion The Italian version of the FDA-2 yield satisfactory reliability and validity, comparable to the

psychometric properties of the original version.
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Clinical Rehabilitation Impact Speech and language pathologists can rely on a valid and reliable tool in

Italian for the assessment of dysarthria in both clinical and research practice.

Keywords: dysarthria — speech-language pathology — validation study

Introduction

Dysarthria is a motor speech disorder occurring after a central or peripheral nervous system damage and re-
sulting in respiration, phonation, resonance, articulation, and prosody disturbances®?. The main symptoms are
weakness, slowing, incoordination, altered muscle tone, and inaccuracy of oral and vocal movements, at-
tributed to an abnormal muscular activation of the structures involved in speech production®. Dysarthria can
be congenital, caused by prenatal or perinatal brain damages, or acquired, due to cerebrovascular accidents,
traumatic brain injuries, tumors or progressive neurological diseases?. Several classification systems of motor
speech disorders have been proposed in the last years. The most commonly used was provided by the Mayo
Clinic group, who developed a cogent organization and classification of speech symptoms*. The Mayo Clinic
classification system is based on the correspondence between the underlying neurological impairment and the
perceptual features of speech and distinguishes between six different types of dysarthria: spastic, ataxic,
hypokinetic, hyperkinetic, flaccid and mixed. Another dysarthria type named unilateral upper motor neuron
dysarthria, occurring after unilateral upper motor neuron lesions, was added in 1975 by the same authors®.
Although data regarding dysarthria prevalence within the general population are not available, it is not a rare
condition with a severe impact on people quality of life (QOL). Even mild dysarthria may have consistent
social and psychological effects reducing speech intelligibility and leading to isolation, depression and loss
of independence®.

A comprehensive evaluation of dysarthria is required to make an accurate differential diagnosis with other
communication disorders (i.e. apraxia of speech, aphasia) and plan effective rehabilitation programs. A thor-
ough documentation of the patient's medical history should be gathered and followed by detailed perceptual

analyses of all the motor system components involved in speech production (respiration, phonation, resonance,
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articulation, and prosody). Muscle strength, speed, range, stability, tone, and accuracy of muscular movements
should be considered too®.

Using valid and reliable instrument is a crucial component of research quality and clinical practice. Reliability
allows evaluating the stability of measures administered at different times to the same subjects (test-retest
reliability), estimating the equivalence of sets of items from the same test (internal consistency) and establish-
ing the equivalence of ratings obtained by different observers (interrater reliability)®. Validity refers to the
degree to which an instrument measures the construct it purports to measure®.

To date, only few validated assessment tools for the evaluation of dysarthria are available worldwide. In Italy,
the Robertson Dysarthria Profile is the only available test for dysarthria assessment’. Normative data were
obtained by testing 60 healthy subjects’ and reliability was analyzed in 50 patients with dysarthria®; however,
validity data are lacking. Another validated dysarthria assessment tool is the Frenchay Dysarthria Assessment
(FDA), developed in English by Enderby®. The FDA was originally designed based on the Mayo clinic classi-
fication system* to identify the nature and the patterns of oro-motor movements associated with different neu-
rological diseases. A second edition of the FDA (FDA-2) was provided by Enderby and Palmer in 2008, with
improved psychometric properties (good feasibility, reliability, inter-rater agreement for the total score and
construct validity)'°. The FDA-2 has been translated and adapted into European Portuguese'! and into French'?
and its use is widely spread in several countries. Moreover, some authors considered the FDA-2 as the only
diagnostic test for dysarthria, being able to differentiate among different types of dysarthria®. However, an
Italian version of the FDA-2 is currently unavailable.

The aim of this study is to perform a cross-cultural adaptation of the FDA-2 in Italian and to validate the Italian
version of the FDA-2. The hypothesis was that the Italian version of the FDA-2 would yield similar psycho-

metric properties to the original version.

Materials and methods

This validation study was carried out according to the Declaration of Helsinki and was approved by the Insti-
tutional Review Board (Comitato Etico dell’Insubria, Chair-person Dr Angelo Carenzi, n. 173/2020, approval

date 02.03.2021). The original authors of the FDA provided their authorization to the back-translation and
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validation process. Patient were recruited in a inpatient rehabilitation unit. All subjects included in the study
gave their written informed consent. All data were collected prospectively. The study consisted of 4 different
phases: item translation (phase 1), reliability analysis (phase 2), normative data generation (phase 3) and va-

lidity analysis (phase 4).

FDA-2

The FDA-2 is a clinical protocol for the measurement, differential description, and diagnosis of dysarthria.
The tool is divided into seven sections, each containing a set of performance tasks related to speech function:
reflexes (ratings for cough, swallow, and drool); respiration (rating at rest and in speech); lips (ratings for at
rest, spread, seal, alternate, and in speech); palate (ratings for fluids, maintenance, and in speech); laryngeal
function (ratings for time, pitch, volume, and in speech); tongue (ratings for at rest, protrusion, elevation,
lateral, alternate, and in speech); intelligibility (ratings for words, sentences, and conversation). An additional
session allows to describe potential influencing factors (including hearing, sight, teeth, language, mood, pos-
ture, speech rate, and sensation). The FDA-2 can be approximately administered in 20-30 minutes by qualified
clinicians.

The FDA-2 rating scale has five “best-fit” descriptors ranging from “a” (normal) to “e¢” (severe abnormal):

a = normal age; b = mild abnormality noticeable to skilled observed; ¢ = abnormality obvious but can perform
task/movements with reasonable approximation; d = some production of task but poor in quality, unable to
sustain, inaccurate or extremely labored; e = unable to undertake task/movement/sound. Moreover, the rating
scale includes nine points, with “a” corresponding to 8 and “@” corresponding to 0.

These descriptors are unlikely to fit a patient’s performance exactly. Rather, they give a general impression of

the type and severity of dysarthria. The test results can be recorded on the FDA-2 rating form.

Phase 1: FDA-2 items translation and cross-cultural adaptation

Items of the original FDA-2 English version® were translated into Italian and then back-translated into English
by qualified professional translators, according to Chiorri and colleagues'®. Four Speech and Language
Pathologists (SLPs) ensured the unanimity of the interpretation of the items and of the scoring system. Doubts

concerning the test administration or scoring were discussed with the original author.
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A literal translation was retained for most items. Concerning the words and sentences for the “in speech” tasks,
the selection of Italian words and sentences was based on the occurrence of phonemes and the phonetic struc-
ture of words in Italian®>. Words with different length containing Italian phonemes were selected following the
original English word list for the “intelligibility” section®. The words frequency was higher than 10 per mil-
lion®. The Italian version of the FDA-2 and the complete manual can be requested by contacting the corre-

sponding author.

Phase 2: Reliability analysis

The original reliability testing process was followed to establish both the FDA-2 inter-rater and intra-rater
reliability'®. Nine people with different type and severity of dysarthria were recorded while performing the
audible tests (respiration in speech, lips seal, palate in speech, maximum phonation time, voice pitch, voice
volume, voice in speech, tongue alternate, tongue in speech). The inclusion criteria were age >18 and diagnosis
of dysarthria. Patients with altered morphology of speech organs were excluded. Auditory tests have been used
for reliability testing, since they are considered relatively more subjective and therefore difficult to evaluate.
Seven samples of the maximum phonation time and 5 samples for each of the other above-mentioned audible
tests were randomly selected. Thus, overall, 42 examples of FDA-2 tasks were independently judged by seven
SLPs (offline reliability analysis). All the judges underwent a specific training of the scoring of the FDA-2 by
a senior SLP. A cross section of examples from mild to severe was selected for each task by a senior SLP. Five
examples of each of the tasks listed above and seven examples of maximum phonation time were presented to
the judges. Digital recordings were presented via external speakers in a quiet room. Scoring instructions were
given to the judges and each recording was played twice. In order to evaluate the FDA-2 intra-rater reliability,
the same forty-two tests were presented in the same way to the same listeners after a six-week interval.
Additionally, eleven dysarthric patients based on the same inclusion criteria were tested using the FDA-2 by
three trained judges (SLPs) in order to verify the inter-rater reliability. The three judges simultaneously
attended to the assessment session, carried out by a fourth SLP, but independently completed the rating form
(online reliability analysis).

Moreover, the eleven dysarthric patients were re-assessed using the FDA-2 in order to verify the test-retest

reliability. Re-test was performed by one of the three judges within 24 hours from the first assessment to avoid
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significant clinical modification.

Characteristics of the patients’ sample for reliability analysis are reported in Table I.

Phase 3: Normative data

112 asymptomatic control subjects, 55 males and 57 females, aged between 18 to 88 years were included to
establish normative data. Exclusion criteria were speech structures alterations and known neurological dis-
eases. Moreover, for patients aged >70, the additional exclusion criteria of a Mini Mental State Examination
<23 was added?®. Subjects were divided into six age groups: 18 subjects in group A (18-29 years), 20 subjects
in group B (30-39 years), 18 subjects in group C (40-49 years), 20 subjects in group D (50-59 years), 18
subjects in group E (60-69 years), 18 subjects in group F (>70 years). At least 9 males and 9 females for each

age group were recruited. All of them were assessed with the FDA-2 by the same SLP.

Phase 4: Known-group and criterion validity

For the validity analysis, inclusion criteria were: patients with dysarthria of any type®® and sufficient cognitive
status and language comprehension to follow clinicians instructions during the administration of the FDA-2.
Forty-nine adult patients were recruited, 31 males and 18 females, aged on average 53 (range 20-81), exhibiting
different type of dysarthria®®: 11 patients had spastic dysarthria, 13 flaccid dysarthria, 13 ataxic dysarthria and
12 hypokinetic dysarthria.

For known-group validity, patients from the clinical group were assessed using the FDA-2 by a trained SLP.
FDA-2 scores from the clinical group of patients with dysarthria were compared to the FDA-2 scores of the
control group recruited for normative data generation.

To assess criterion validity, patients with dysarthria were also assessed with the Robertson Dysarthria Pro-
file”1” and the Therapy Outcome Measure®®, within the same session of the FDA-2 administration and by the
same SLP. The Robertson Dysarthria Profile is the only available test for dysarthria assessment in Italian. It is
divided into eight domains (respiration, phonation, facial musculature, diadochokinesis, oral reflexes, articu-
lation, intelligibility, prosody) for a total of 71 items, each rated on a 4-point scale from 1 (most deviant per-
formance) to 4 (normal performance). For the purpose of the present study, only the items of the Robertson

Profile assessing the same construct of the items included in the FDA-2 were considered. In particular, a total
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of 45 items from the Robertson Profile were analyzed: 7 items for reflexes, 5 items for respiration, 4 items for
lips, 2 items for palate, 12 items for laryngeal function, 9 items for tongue, and 6 items for intelligibility. The
TOM is a scale exploring 4 different domains (impairment, disability, participation and well-being), each rated
on a 6-point ordinal rating scale, with 0 representing severe dysfunction and 5 normal functioning for humans
given age, gender and culture. Only the TOM impairment domain was considered for the present study.

Finally, analogously to the original study'?, the scores of each FDA-2 item were separately analyzed according
to the dysarthria type (spastic, flaccid, ataxic, hypokinetic) to verify the ability of the FDA-2 to distinguish

among different types of dysarthria.

Statistical Analysis

Statistical analyses were performed with the IBM SPSS Statistics 25.0® package for Windows (SPSS Inc,
Chicago, IL).

Inter-, intra-, and test re-test reliability was calculated using the two-way random Intraclass Correlation Coef-
ficient (ICC) for single measures with 95% confidence interval (C195%). ICC values less than 0.5, between
0.5 and 0.75, between 0.75 and 0.9, and greater than 0.90 will be considered indicative of poor, moderate,
good, and excellent reliability, respectively?®.

Since normality assumption was violated within the age groups based on Kolmogorov-Smirnov normality test,
the non-parametric Kruskal-Wallis test with post hoc Dunn’s test and Bonferroni correction for multiple com-
parisons was used to compare different age groups among normative data. Data are reported as median, inter-
guartile range (IQ range), and range. Significance was set at p<0.05.

FDA-2 known-group validity was verified comparing the dysarthric patients’ scores with normative data using
Mann-Whitney U test. For criterion validity testing, Spearman correlations between the FDA-2, the Robertson
dysarthria profile and the TOM impairment score were calculated. Finally, to analyze the ability of the Italian
version of the FDA-2 to distinguish among different dysarthria types, a profile of the speech characteristics of
each type of dysarthria (spastic, flaccid, ataxic, and hypokinetic) was derived. For each type of dysarthria, the
mean and the standard deviation obtained by the patients in the items of the FDA-2 was computed and graph-
ically represented. Analogously to the original study®, no statistical analysis was performed, but the profiles

of the different dysarthria types were qualitatively compared.
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Results

Reliability

To analyze interrater reliability, ICCs were calculated based on the scores assigned by the 7 judges at the first
presentation of audio-recordings. To analyze intra-rater reliability, the same analysis was made between scores
assigned by each judge at the first presentation of audio-recordings and those assigned during the second
presentation. Results are reported in Table 1. Interrater and intrarater reliability were poor (ICC <0.5) for the
item “lips in speech”, moderate (ICC 0.5-0.75) for the item “palate in speech” and “laryngeal volume”, and
ranged from good to excellent (ICC >0.75) for the remaining items.

Furthermore, inter-rater reliability of the whole protocol was assessed using ICC based on the scores of the 3
judges during the face-to-face assessment and a re-test was performed by a judge within 24-hours from the 1%
assessment. Both inter-rater and test-retest reliability were excellent (ICC >0.9) for all the sections and the

total score (Table I11).

Normative data

FDA-2’s total and sections scores for each age group are in Table I1V. P-Values of the Kruskal-Wallis test for
the comparison among age groups are shown in Table IV, p-values of the post hoc analysis are reported in
Table V.

The group of subjects aged >70 (F) scored significantly lower than all the other age groups in the total score
and in the Tongue section. Moreover, the group >70 (F) had significantly lower score than: (i) the group 18-
30 (A) in the sections Respiration, Lips, Palate, and Laryngeal; (ii) the group 30-40 (B) in the sections Lips
and Laryngeal; (iii) the group 40-50 (C) in the sections Respiration, Palate, and Laryngeal; and (iv) the group
50-60 (D) in the Respiration section. The group 60-70 (E) significantly differed from the group 40-50 (C) in
the respiration section. No significant difference among the age groups for the Reflexes section. Finally, no

comparison was performed for the Intelligibility section because all subjects reached the highest score of 24/24.

This document is protected by infemational copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file on% print only one
copy of this Article. It is not permifted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distibute
the electronic copy of the article through online infemet and/or infranet file sharing systems, electronic mailing or any other means which may allow access fo the Article. The use of all or any
part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commmercial use is not
permitted. It is not permitted fo remove, cover, overlay, obscure, block, or change any copyright nofices or ferms of use which the Publisher may post on the Aricle. It is not permitted to
frame or use framina techniaues to enclose any frademark, loao, or other proprietary information of the Publisher.



COPYRIGHT® EDIZIONI MINERVA MEDICA

Known-group and criterion validity

For known-group validity analysis, FDA-2 scores of the patients were compared with the scores of the norma-
tive sample. Results of the Mann-Whitney U test are shown in Table VI. A statistically significant difference
between dysarthric patients and healthy subjects was found for the total score and the score of all the FDA-2
sections.

For criterion validity, the FDA-2 total score significantly correlated with both Impairment section of TOM
impairment score (r=0.75, p<0.05; TOM impairment median 3, 1Q range 2-4) and the Robertson Profile total
score (r=0.81, p<0.05) and all selected sections (r>0.51, p<0.05). Correlation coefficients between FDA-2 and
each section of the Robertson Profile are shown in Table VII.

The profile of the speech characteristics of each type of dysarthria, based on the FDA-2, is depicted in Figure
1. Patients with spastic dysarthria showed, on average, the worst scores on most of the items. Patients with
flaccid dysarthria scored generally higher in the intelligibility compared to the other dysarthria types. Patients
with ataxic dysarthria showed lower scores in the items requiring movements’ coordination compared to other
tasks. Patients with hypokinetic dysarthria exhibited lower scores in the laryngeal domain compared to the

other domains.

Discussion

The social and psychological impact of dysarthria on patients’ life is well known®. Comprehensive, valid, and
reliable assessment tools play an essential role in supporting diagnosis, planning treatment and monitoring the
patient’s progress and enable both clinicians and researchers to work efficiently. To date, the Frenchay Dysar-
thria Assessment is one of the few dysarthria assessment tools that have been validated and standardized using
appropriate psychometric criteria. This test was first published in English in 1983 and then translated into
several languages. As reported by Enderby and Palmer, validity and reliability of the FDA-2 were highlighted
by several studies conducted in different countries with different patient groups®®. The aim of the present study
was to provide the cross-cultural adaptation and validation of the FDA-2 into Italian and supply a comprehen-
sive protocol of motor speech assessment for Italian dysarthric patients. The psychometric properties of the

FDA-2 were studied in a group of 49 patients with dysarthria following acquired brain injury while normative
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data were collected administrating the whole protocol to 112 healthy subjects. Results showed optimal inter-
rater and test-retest reliability and known-group and criterion validity, in agreement with the original version

of the test™.

Reliability

Overall, results showed excellent inter-rater and test-retest reliability of the protocol, supporting the con-
sistency and stability of the original version of the test'® and similarly to the European Portoguese adaptation
of the test!'. On the one hand, different examiners who independently administer the FDA-2 will produce
similar ratings in judging the same patient’s performance; on the other hand, the same clinician will be con-
sistent in his judgment over time.

However, some differences in terms of consistency were found considering each individual item: some of them
were not scored consistently either between or within examiners. In particular, inter-rater and intra-rater relia-
bility were poor for the item “lips in speech” and moderate for the item “palate in speech” and “laryngeal
volume”, while ranged from good to excellent for the remaining items. Low reliability coefficients were found
for audible tasks were found also in the original version®®, However, it should be noted that for the 2 items
with the lowest ICC, “lips in speech” and “palate in speech”, the assessment only based on audio-recordings
may have negatively impact on the reliability. Indeed, the operational definitions for the item “lips in speech”
include both information on the perceptual production of bilabial phonemes and on the amplitude of the lips
movements during speech, that could not be assessed with audio-recordings. Analogously, for the “palate in
speech” the manual of the FDA-2 suggests to place a finger on the bridge of the nose or to use a mirror under
the patient’s nose during the assessment to improve reliability. Thus, the reliability of these items may have

been underestimated by the assessment condition.

Normative data

Overall, 112 healthy subjects, 55 males and 57 females, aged 18-88 years were included to provide normative
scores. The effect of age was investigated. Concerning the total score, results highlighted the presence of sig-
nificantly lower scores in the older group of subjects (age>70) than in the younger ones. Indeed, the progressive

reduction of average scores combined to the progressive increase of interquartile ranges suggest that younger
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subjects usually have better and more homogeneous abilities while seniors show a progressive drop of the
performance and higher inter-subject variability°.

To identify those parameters that are more influenced by age and with the greater impact on the total score,
each single section of the protocol was considered. The Tongue, Respiration, and Laryngeal sections were
more impaired by aging, analogously to previous findings?°. Tongue function is known to decline with aging
because of sarcopenia and changes in muscle fibers’ composition®:, In older subjects, literature shows that
tongue strength is reduced®-® and tongue movements are slower and less regular in the rhythm?’. In typical
aging, inspiratory and expiratory muscle strength, lung volume, and pulmonary reserve are reduced?®. The
coordination between respiration and speech production is altered as well. Studies have demonstrated that
older adults initiate speech at a higher lung volume, use a greater percent of their vital capacity per syllable,
and produce fewer syllables per breath than younger adults?®-3, Concerning laryngeal function, voice changes
with normal aging have been extensively studied. Typical anatomical modifications are smaller diameters of
vocal muscle fibers due to atrophy and thinner superficial lamina propria, leading to incomplete glottal closure
and altered vibratory patterns®2-34, The result is a poor voice quality, characterized by breathiness and strain, a
reduced vocal intensity, a decreased phonation time, and altered acoustic parameters®-°,

Conversely, all 112 subjects reached the highest score in the Intelligibility section, showing intact abilities to
read word and sentences carefully and hold a conversation without reductions of comprehensibility. This find-
ing supports the hypotesis that age-related changes to speech-related organs are well compensated in normal

aging to preserve speech intelligibility*%-42.

Known-group and criterion validity

For the clinical validity analysis, 49 patients with different type of dysarthria were included in the study.

To analyze known-group validity, FDA-2 scores obtained by the group of patients were compared to those
obtained by the normative sample. Results highlighted the presence of a statistically significant difference
between dysarthric patients and healthy subjects for both the total score and the score of all the FDA-2 sections.
In particular, the FDA-2 scores were significantly lower in the patient group than those found in the control
group. Those findings indicate that the FDA-2 may be a sensitive tool ably to identify dysarthria and discrim-

inate between dysarthric and non-dysarthric subjects. Moreover, a significant correlation was found between
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the FDA-2 total score and both the Impairment section of TOM and the Robertson Profile, confirming the
validity of the tool in detecting the severity of the impairment.

According to the analysis performed by Enderby & Palmer in the manual of the FDA-2, a functional profile
for different types of dysarthria was defined. Analogously to the original datal’: 1. patients with spastic dysar-
thria showed the lowest scores in most of the items, with a tendency for lower scores in speech tasks compared
to non-speech tasks; 2. patients with flaccid dysarthria were more intelligible than the other dysarthria types
and exhibited a tendency for lower scores in non-speech tasks, according to the site of the neurological damage
to the lower motor neurons; 3. patients with ataxic dysarthria had the lowest score in the item of the tongue for
alternating movements. However, some differences between the original data® and the results from the present
study should be underlined. Specifically, patients with ataxic dysarthria seemed to exhibit a greater speech
impairment compared to the original data, exhibiting lower laryngeal control and more compromised intelli-
gibility. Conversely, patients with hypokinetic dysarthria from the present study had a less severe dysarthria,
as well as swallowing impairment, than patients from the original study. As no data on the underlying diseases
was available, it was hypothesized that the recruited sample for the ataxic and the hypokinetic dysarthria’s

groups differed among the two studies for disease severity.

Study limitations

There are several limitations in this study. A first limitation concerns the sample size. Indeed, 112 healthy
subjects and 49 patients were included in the present study. Although it represents the largest sample of patients
and healthy subjects used for the validation of a dysarthria assessment tool in Italian, the sample size is smaller
compared to the one of the validation of the original version'®. Additionally, no patients with hyperkinetic or
mixed dysarthria were included in the validation process because of the lack of this patient in the clinical
practice during the recruitment period. Future research studies should increase the strength of these results
with larger samples and all types of dysarthria. Secondly, the responsiveness of the FDA-2 was not studied.
Although this step was not performed for the original version either, it may provide useful information on the
ability of the tool to record changes of dysarthria severity over time. Therefore, this psychometric property

should be investigated in the future.

This document is protected by infemational copyright laws. No additional reproduction is authorized. It is permitted for personal use to download and save only one file o%%i print only one
copy of this Article. It is not permifted to make additional copies (either sporadically or systematically, either printed or electronic) of the Article for any purpose. It is not permitted to distibute
the electronic copy of the article through online infemet and/or infranet file sharing systems, electronic mailing or any other means which may allow access fo the Article. The use of all or any
part of the Article for any Commercial Use is not permitted. The creation of derivative works from the Article is not permitted. The production of reprints for personal or commmercial use is not
permitted. It is not permitted fo remove, cover, overlay, obscure, block, or change any copyright nofices or ferms of use which the Publisher may post on the Aricle. It is not permitted to
frame or use framina techniaues to enclose any frademark, loao, or other proprietary information of the Publisher.



COPYRIGHT® EDIZIONI MINERVA MEDICA

Conclusion
The study represents the first validation of the original English FDA-2 in Italian to clinically assess the pres-
ence and the severity of dysarthria. The Italian version of the FDA-2 yield satisfactory reliability and validity

for its application in clinical practice and for trans-cultural research in dysarthria.
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Table I. Demographic and clinical characteristics of the patients’ sample for reliability analysis
Note. Offline analysis was performed by 7 judges on audio-recordings; online analysis was performed by 3
judges during face-to-face assessment session. Values are median (range), n/N (%), or as otherwise indicated.

Offline analysis Online analysis
(n=9) (n=11)
Age (years) 46.3 (22-73) 48.2 (22-66)
Sex M 4/9 (44.4%) 7/11 (63.6%)
F 5/9 (55.6%) 4/11 (36.4%)
Education (years) 13.6 (5-18) 10.7 (5-13)
Stroke 3/9 (33.3%) 3/11 (27.3%)
Severe acquired injury 2/9 (22.2%) 3/11 (27.3%)
Cerebellar ataxia 1/9 (11.1%) 2/11 (18.2%)
Medical diagnosis | Neurosurgical sequelae 1/9 (11.1%) 2/11 (18.2%)
Guillain-Barré syndrome 1/9 (11.1%) -
Multiple sclerosis 1/9 (11.1%) -
Amyotrophic lateral sclerosis - 1/11 (9%)

Table Il. Interrater and intrarater reliability of the audible tasks based on the assessment of audio-
recordings by 7 judges
Note. Reliability is reported as ICC (C195%)

ltem

Inter-rater reliability

Intra-rater reliability

Respiration in speech

0.932 (0.799-0.992)

0.855 (0.732-0.924)

Lips in speech

0.478 (0.146-0.899)

0.467 (0.163-0.690)

Palate in speech

0.622 (0.279-0.938)

0.840 (0.706-0.916)

Tongue in speech

0.743 (0.431-0.963)

0.779 (0.605-0.882)

Laryngeal time

0.942 (0.851-0.988)

0.919 (0.861-0.954)

Laryngeal pitch

0.843 (0.599-0.979)

0.814 (0.662-0.902)

Laryngeal volume

0.653 (0.313-0.945)

0.585 (0.317-0.767)

Laryngeal in speech

0.894 (0.706-0.986)

0.831 (0.690-0.911)
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Table I11. Inter-rater and test-retest reliability of the whole FDA-2 based on the face-to-face assessment

by 3 judges

Note. Reliability is reported as ICC (C195%)

FDA-2 section Inter-rater reliability Test-retest reliability
Total 0.992 (0.978-0.998) 0.996 (0.984-0.999)
Reflexes 0.941 (0.848-0.982) 0.998 (0.992-0.999)
Respiration 0.983 (0.953-0.995) 0.995 (0.983-0.999)
Lips 0.947 (0.863-0.984) 0.985 (0.944-0.996)
Palate 0.967 (0.911-0.990) 0.990 (0.964-0.997)
Laryngeal 0.975 (0.932-0.992) 0.995 (0.982-0.999)
Tongue 0.962 (0.900-0.989) 0.925 (0.748-0.979)
Intelligibility 0.971 (0.921-0.991) 0.988 (0.956-0.997)

Table 1V: Comparison of the FDA-2 scores among age groups in the normative sample
Note. Significant p-values of the Kruskal-Wallis test are reported in bold
No comparison was performed for the Intelligibility section because all subjects scores 24/24

. Age group
Fda-2 section P
A(18-30) | B(30-40) | C(40-50) | D(50-60) | E(60-70) | F (>70)

Median 206.5 206 206.5 205.5 205 197.5

Total Iq range 2.5 25 3 5 5.25 9.75 <0.001
Min-max | 203-208 | 202-208 | 203-208 | 195-208 | 191-208 | 178-206
Median 24 24 24 24 24 24

Reflexes Iq range 0 0 0 1 0 1 0.036
Min-max 22-24 23-24 24-24 21-24 20-24 21-24
Median 16 16 16 16 16 15

Respiration Iq range 0 1 0 0 2.25 2 <0.001
Min-max 14-16 15-16 16-16 15-16 11-16 10-16
Median 40 40 40 39.5 40 39

Lips Ig range 0.75 0.75 1 1 1 2.5 0.013
Min-max 38-40 39-40 39-40 38-40 36-40 33-40
Median 24 24 24 24 24 235

Palate Iq range 0 0 0 0 0 1 0.010
Min-max 23-24 22-24 22-24 21-24 23-24 21-24
Median 32 32 32 30.5 30 29

Laryngeal Iq range 1 1.75 2 3 3 3.25 <0.001
Min-max 30-32 28-32 27-32 25-32 26-32 22-32
Median 48 48 48 48 48 44.5

Tongue Iq range 0 0 0.25 1 1 5.25 <0.001
Min-max 46-48 45-48 45-48 43-48 43-48 35-48
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Median 24 24 24 24 24 24
Intelligibility | Ig range 0 0 0 0 0 0
Min-max 24-24 24-24 24-24 24-24 24-24 24-24

Table V: P-values of the post hoc analysis for the comparison of the FDA-2 scores among different age
groups in the normative sample

Note. Significant p-values are reported in bold
No comparison was performed for the Intelligibility section because all subjects scores 24/24

Age groups for FDA-2 section
post-hoc com- - .
parison Total Reflexes | Respiration Lips Palate Laryngeal | Tongue
A B 0.999 0.999 0.999 0.999 0.999 0.999 0.999
A C 0.999 0.999 0.999 0.999 0.999 0.999 0.999
A D 0.999 0.999 0.999 0.999 0.999 0.577 0.999
A E 0.779 0.999 0.841 0.999 0.999 0.220 0.999
A F <0.001 0.999 0.002 0.026 0.022 <0.001 <0.001
B C 0.999 0.999 0.328 0.999 0.999 0.999 0.999
B D 0.999 0.419 0.725 0.999 0.999 0.999 0.999
B E 0.999 0.999 0.999 0.999 0.999 0.999 0.999
B F <0.001 0.298 0.098 0.018 0.311 0.001 <0.001
C D 0.999 0.183 0.999 0.999 0.999 0.999 0.999
C E 0.999 0.999 0.034 0.999 0.999 0.999 0.999
C F <0.001 0.122 <0.001 0.231 0.012 0.006 <0.001
D E 0.999 0.999 0.090 0.999 0.999 0.999 0.999
D F <0.003 0.999 <0.001 0.999 0.053 0.210 <0.001
E F 0.010 0.999 0.999 0.123 0.131 0.542 0.001
Table VI: Comparison of FDA-2 scores between dysarthric patients and healthy subjects
Note. Significant p-values are reported in bold. Data are reported as median (1Q range)

FDA-2 section Dysarthric patients Healthy subjects p

Total 151 (128.5-168.5) 206 (205.75-207.25) <0.001

Reflexes 18 (12.5-20) 24 (24-24) <0.001

Respiration 13 (8.5-14.5) 16 (15-16) 0.015

Lips 31 (27.5-33.5) 40 (39.75-40) <0.001

Palate 21 (18-23) 24 (24-24) 0.023

Laryngeal 19 (13-24.5) 32 (31-32) 0.001

Tongue 34 (28-40) 48 (48-48) 0.003

Intelligibility 15 (12-23) 24 (24-24) 0.030
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Table VII: Criterion validity: correlation between the FDA-2 and the Robertson Profile
Note. All correlations were significant p<0.05. Descriptive statistics of the Robertson Profile scores are re-
ported as median (1Q range)

Section Robertson Profile score r

Total 132 (105-155) 0.81
Reflexes 23 (17-27) 0.75
Respiration 12 (8-16) 0.60
Lips 12 (10-14) 0.52
Palate 6 (6-8) 0.69
Laryngeal 28 (21.5-42) 0.82
Tongue 30 (24.5-35.5) 0.70
Intelligibility 18 (16-21.5) 0.74

FIGURE CAPTION

Figure 1: Functional profile of dysarthria based on the FDA-2 according to the type of dysarthria
a. Spastic; b. Flaccid; c. Ataxic; d. Hypokinetic

Note. The dot represents the mean score, the bar represents the standard deviation
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