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ABSTRACT

Purpose: to identify studies regarding the parameters and types of assessment
used to evaluate dysarthria in amyotrophic lateral sclerosis (ALS). Research
strategy: an integrative literature review study was conducted on the LILACS,
SciELO, PubMed, Web of Science, CINAHL, Scopus, and Cochrane databases
using the descriptors “Assessment AND Dysarthria AND Amyotrophic
Lateral Sclerosis” in both Portuguese and English. Selection criteria: the
inclusion criteria consisted of articles that addressed studies on dysarthria
assessment in ALS, written in English, Spanish, and Portuguese, which
should be available in full, and published from 2015 to 2022. Results: out
of'the total of 38 studies, only 3 used a single type of dysarthria assessment.
Most studies employed more than one type of assessment, ranging from
2 to 4 types. Three assessment types were predominantly used to assess
the degree of speech intelligibility: auditoryperceptual assessment (31
studies), acoustic assessment (18 studies), and movement assessment (27
studies). Conclusion: dysarthria assessment in ALS is conducted through
various procedures and with multiple analysis parameters, notably through
auditory-perceptual and movement assessments.
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RESUMO

Objetivo: identificar estudos a respeito dos parametros e dos tipos de
avaliagao utilizados para avaliar a disartria na esclerose lateral amiotréfica
(ELA). Estratégia de pesquisa: estudo de revisao integrativa da literatura
realizada nas bases de dados LILACS, SciELO, PubMed, Web of Science,
CINAHL, Scopus e Cochrane, por meios dos descritores, em portugués e
em inglés, “Avaliagdo AND Disartria AND Esclerose Lateral Amiotrofica”.
Critérios de selecdo: os critérios de inclusao foram: artigos que abordavam
estudos sobre avaliagdo da disartria na ELA, nas linguas inglesa, espanhola e
portuguesa, disponiveis na integra, no periodo de 2015 a 2022. Resultados: do
total de 38 estudos, apenas 3 usaram um tnico tipo de avalia¢do da disartria.
A maior parte dos estudos utilizou mais de um tipo de avalia¢ao variando
de 2 a 4. Foram 3 os tipos de avalia¢do mais utilizados, com o intuito de
avaliar o grau de inteligibilidade de fala: avaliagdo perceptivo-auditiva
(31 estudos), avaliagdo actstica (18 estudos) e avaliagdo do movimento
(27 estudos). Conclusio: a avaliacao da disartria na ELA ¢ realizada por
diferentes procedimentos e com varios parametros de analise, em especial
pela avaliag@o perceptivo-auditiva e do movimento.

Palavras-chave: Esclerose lateral amiotrofica; Avaliagao; Disartria; Inteli-
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INTRODUCTION

Amyotrophic Lateral Sclerosis (ALS) is a degenerative
neuromuscular disease that affects upper and/or lower motor
neurons. Considered as a rare disease, which affects two in every
100,000 people annually, it has a higher prevalence in men,
with a ratio of 2:1, and the average age of onset is 57 years!,

Due to the neuromuscular disorder, patients with ALS
experience multidimensional declines, including alterations
in speech, which are typically characterized by slowness,
weakness, articulatory imprecision, and incoordination of the
stomatognathic system™. Thus, communication through speech
is compromised, resulting in dysarthria, which is defined as a
disorder that affects the motor foundations of speech: respiration,
phonation, resonance, articulation, and prosody®.

Dysarthria can be present in various diseases and occurs
due to lesions in the central or peripheral nervous system®.
It is classified as: flaccid (associated with lower motor neuron
impairment), spastic (linked to upper motor neuron lesions),
ataxic (caused by cerebellar dysfunction), hypokinetic (related
to extrapyramidal system disorder), and mixed (associated
with damage in more than one area, resulting in at least two
characteristics among the aforementioned)?.

In ALS, dysarthria can manifest with either spastic or
flaccid characteristics, and patients typically have articulation
deficiencies, slow and laborious speech, imprecise consonantal
production, hypernasality, and harshness®. Nonetheless, whether
it’s spastic or flaccid dysarthria, patients with ALS presenting such
symptoms experience significant communication impairment®.

Due to these communication impacts, it’s important to
focus on speech intelligibility — the ease with which a listener
can understand their interlocutor’s speech — by conducting
regular assessments and suggesting interventions to prevent
communicative isolation, including with family members and
caregivers'?,

ALS currently lacks a cure, and its diagnosis is gradual,
taking around 12 months to confirm, which is due to the absence
of a marker that could indicate an earlier diagnosis”. Only
neurological exams and basic speech tests, such as speech rate
and intelligibility, are not sensitive assessments to the symptoms
in the early stages of the disease'). This is why some studies
have been engaged in the search for this marker, with the aim of
monitoring and making decisions for faster and more effective
interventions!?.

This diagnostic delay can impair the patient’s mobility,
swallowing, speech, and communication, thereby affecting
the overall quality of life and causing biopsychosocial
consequences*'¥. In this context, it’s necessary to act with
the support of a multidisciplinary team that collaborates in an
interdisciplinary manner to maximize the patient’s and their family’s
quality of life through guidance on appropriate care to manage
the situation®!®, Concerning dysarthria, the speech-language
pathologist is responsible to detect, assess, and act based on
the pillars of scientific evidence, promptly and effectively, thus
preventing the loss of the patient’s communication autonomy”.

Therefore, considering the specific characteristics of
ALS and its negative impact on speech function, resulting
in communication deficits and diminished quality of life for
affected individuals, the significance of conducting a study
that synthesizes dysarthria assessment parameters and types
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is justified, which can be a valuable resource for guiding
interventions aimed at this population.

PURPOSE

To identify studies regarding the parameters and types of
assessment used to evaluate dysarthria in ALS.

RESEARCH STRATEGY

This is an integrative literature review study, which is a
relevant tool in the field of health as it synthesizes available
research on a specific topic and guides practices based on scientific
knowledge™. In order to conduct this review, the researchers
sought articles that addressed the following question: “What
are the types of assessment and parameters used to evaluate
dysarthria resulting from ALS?” To achieve this, the following
steps were carried out: preparation of the guiding question,
definition of descriptors, selection of inclusion and exclusion
criteria for articles, article collection, application of eligibility
criteria, review of titles and abstracts, and full article reading.

The consulted databases included: LILACS, SciELO,
PubMed, Web of Science, CINAHL, Scopus and Cochrane;
using the descriptors: “Evaluation AND Dysarthria AND
Amyotrophic Lateral Sclerosis”, “Assessment AND Dysarthria
AND Amyotrophic Lateral Sclerosis”, “Avaliagdo AND Disartria
AND Esclerose Lateral Amiotréfica”, tailored according to the
research question.

SELECTION CRITERIA

The search included scientific articles published in English,
Portuguese, and Spanish between 2015 and 2022, provided they
were freely available in the databases. In turn, the researchers
excluded literature review articles of any kind, editorials, letters
to the editor, and conference proceedings. Similarly, studies
in which participants had dysarthria but not ALS were also
excluded from the review.

DATA ANALYSIS

After executing the search strategies and collecting studies
to form the literature review, the articles were read in their
entirety, and relevant data were extracted and organized in
a digital spreadsheet. Then, the following data points were
analyzed from the articles: purpose, sample characteristics,
instruments used for dysarthria assessment, type of analysis
and study design, as well as the primary findings.

RESULTS

As the initial result of the search across all databases, a total
of 973 articles were identified, as shown in Chart 1.

The initial article selection was based on reading the titles
and abstracts. Following the inclusion criteria, 45 articles
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Chart 1. Bumber of articles found in the databases based on the descriptors used in the literature search

DESCRIPTORS LILACS  SciELO  PubMED g’:’::nz; CINAHL  Scopus  Cochrane
Evaluation AND Dysarthria AND 1 1 456 13 14 2 0
Amyotrophic Lateral Sclerosis
Assessment AND Dysarthria AND 0 1 441 32 10 1 0
Amyotrophic Lateral Sclerosis
Avaliacao AND Disartria AND 0 1 0 0 0 0 0
Esclerose Lateral Amiotréfica
Total = (973) 1 3 897 45 24 3 0

I@I I@I@

Figure 1. Flowchart for the selection of articles included in an integrative literature review on the types of assessment and instruments used to

evaluate dysarthria resulting from amyotrophic lateral sclerosis

were chosen for full-text reading. After the thorough reading,
38 articles remained that aligned with the established scope
of the study, as shown in the flowchart presented in Figure 1.

Among the studies found, there were only 2 from national
literature, accounting for 5.2% of the sample, while the other
36 (94.7%) were from international literature. Specifically,
23 (60.5%) were from the United States (US), 3 (7.8%) from
Canada, 2 (5.2%) from Finland, 1 (2.6%) from Italy, 1 (2.6%)
from Poland, 1 from Geneva (2.6%), and 5 conducted jointly
with the US and Canada (13.1%).

Regarding the research approaches, out of the 38 selected
publications, 2 were quali-quantitative"??, while all others
were quantitative. The statistical methods used varied across
studies, encompassing both descriptive and inferential statistical
analyses.

The total sample size across studies was 1619 participants,
ranging from 10 to 147, with an average of 41.02 participants
per study. The mean age of the study groups was 60 years,
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with 2 articles using age ranges instead of mean age®*?",
Concerning gender distribution, there was a predominance
of male participants, totaling 690, compared to 438 females.
However, one study did not specify age or gender®?.

Regarding the study type, there were 13 longitudinal studies,
24 cross-sectional, and 1 cross-sectional study with a subset
of longitudinal data®.

In assessing dysarthria in ALS, three predominant evaluation
methods were employed in the researched studies: auditory-
perceptual assessment (31 studies), acoustic assessment
(18 studies), and movement assessment (27 studies), all aimed
to evaluate the degree of speech intelligibility (Chart 2). Among
the 38 studies found in the databases, all utilized multiple
evaluation types, ranging from 2 to 4 types.

The studies found in the databases that employed auditory-
perceptual analysis obtained their results through measures of
speech intelligibility, which are deemed particularly important
in the differential diagnosis and quantification of dysarthria®®4?.
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Studies analyzed in review
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Auditory-perceptual Analysis Acoustic Assessment Movement Assessment
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Berry et al.?”
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The analysis of speech intelligibility was frequently reported
in the articles, as it constitutes a measure of speech perception
by the listener. This measure is calculated by determining the
percentage of words transcribed correctly out of the total number
of words produced“?.

The speech rate was one of the measures used to assess
speech intelligibility, examining the quantity of words spoken
per minute. The reference value is 150 words per minute, and
when lowered, it indicates bulbar compromise and speech
deterioration®3033:59),

Sentence length was another measure employed to evaluate
speech intelligibility®?. This assessment involves reading
sentences in increasing order of length (from 5 to 15 words),
allowing for the calculation of the percentage of intelligibility
for each sentenceC’49.

Speech pause analysis was also one of the valuable measures
to describe an individual’s speech performance, as it provides
important insights into the onset of bulbar impairment and
disease progression®”-2%-30:36:50),

A significant number of studies utilized acoustic analysis
for dysarthria assessment in ALS?0:25:36:39.41:43-47.50.53.55) A coustic
analysis is an objective method that, through signal processing
and algorithms, can capture the waveform’s contour, disturbance
measures like jitter and shimmer, harmonics-to-noise ratio, as
well as analyze the fundamental frequency. This allows for
comprehensive descriptions of both normal and pathological
Voices(21’32’39’55).

In addition to the described parameters, acoustic analysis in
the assessment of dysarthria in ALS facilitated the description
of voice onset time, vowel formants, fundamental frequency,
and cycle-to-cycle temporal variability©®!:32443),

One potential method for motion analysis is through
articulography, in which orofacial movements are recorded
using a 3D electromagnetic articulograph®+33:3%4449.52 Motion
capture sensors are placed strategically on regions like lips,
tongue, and jaw, often with one sensor affixed to the forehead
to establish a coordinate system and express the movement of
each of the other sensors@+33-39:4449.52)

For motion analysis, one of the measures used was the rate of
articulatory movements of the tongue, lower lip, and jaw33474%52),
Another measure was diadochokinesis, which assesses motor
planning in speech, detecting even mild oromotor deficits

resulting from bulbar dysfunction®+3%41:4350 This is performed
by uttering the syllables /pa/, /ta/, /ka/®**). The Alternating
Motion Rate (AMR) was also employed in the studies®!3240,
In this procedure the patient produces a syllable as quickly as
possible in a single breath®!3249, Figure 2 summarizes the key
measures utilized in dysarthria assessment in ALS, as discussed
in the studies of this review.

In addition to the aforementioned assessments, the studies
used the Amyotrophic Lateral Sclerosis Functional Rating
Scale — Revised (ALSFRS-R), which was correlated with
the results of perceptual-auditory, movement, and acoustic
analyses?!-23:27-38-4047:49.5052) ' The ALSFRS-R is a questionnaire
consisting of 12 questions that encompass the bulbar domain,
motor coordination of minor and major muscles, and respiratory
funCtiOn(zl_23’27’38_40’47’49’50’52).

Studies that analyzed the rate of articulatory movements of
the tongue, lower lip, and jaw concluded that, when the rate of
articulatory movement and tongue articulatory space decrease
in individuals with severe dysarthria, the lower lip and jaw
increase their movements, which is due to an attempt of the
jaw to compensate for the reduced tongue movement in order
to maintain intelligible speech®347:49-52:53),

Diadochokinesis proved to be a sensitive indicator of
early bulbar decline, and the alternating motion rate enables
a multifaceted assessment of motor capacity, involving the
neuromotor system in spatial and temporal domaing©®434143.50),
Patients had reduced ability for articulatory adjustments due to
underlying neurological deficits®+3%:41:43.50),

Parameters of intelligibility and speech rate are crucial in
determining the extent of speech impairment. Quantitative
measurements of speech subsystems showed that articulatory
and phonatory dysfunction were affected prior to the presence of
speech intelligibility deficits and substantial reduction in speech
rate6:2931.39.424455 ' A decrease in speech rate to 120 words per
minute indicates the onset of decline in oral communication
intelligibility®®.

Articulatory deficits, including reduced lip and jaw movement
speed and diminished diadochokinesis rate, along with phonatory
deficits and a narrowed range of fundamental frequency, served
as sensitive indicators of early bulbar decling®428:33.34.37.39:404749.52)

Studies further demonstrated that sentence length had an
impact, since speech intelligibility decreased significantly in

Auditory-Perceptual

Acoustic Assessment

Movement Assessment

Sentence Extension

Measurements: Jitter, Shimmer,
Harmonics-to-Noise Ratio,
Fundamental Frequency

Rate of articulatory movement
of the tongue, lower lip and
mandible

Speech Pause Analysis

Voice Onset Time and
Formants

Diadochokinesis

Speech Rate

Cycle-to-Cycle Temporal
Variability

Alternate Movement Rate

Syllables per Minute Rate
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Figure 2. Demonstrative scheme of key measures used in dysarthria assessment in amyotrophic lateral sclerosis
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longer sentences for speakers with more severe dysarthria
symptoms©?>3%49_ On the other hand, speakers with mild to
moderate dysarthria showed notable declines in speech rate
and speech pause frequency@7:2-3036.50),

Studies employing automated programs to analyze
algorithmically estimated speech rate and pause patterns
detected that as the degree of dysarthria advances, the speaker
makes more pronounced pauses, which directly affects speech
intelligibility®%-3641:56),

In turn, the acoustic assessment found that numerous changes
in the evaluated parameters facilitated the identification and
monitoring of dysarthria progression in ALSG443:53:59),

Finally, more diagnostically accurate outcomes emerged
when temporal characteristics of acoustic analysis (cycle-to-
cycle temporal variability) were correlated with movement
analysis (alternating motion rate and movement frequency)©+%3.
Among all acoustic and kinematic diadochokinesis measures,
the highest diagnostic accuracy was found in the cycle-to-cycle
temporal variability, with a sensitivity of 80% and specificity
of 94%, in distinguishing individuals with ALS from healthy
control individuals. This suggests that deficits in temporal
control could serve as subclinical early bulbar signs in ALS®%.

DISCUSSION

The evaluation process in diagnosing dysarthria resulting
from ALS is of utmost importance, as it initiates possible
interventions and disease progression monitoring based on
the results. Hence, this study aimed to identify the types of
assessment and parameters used through an integrative review.

The majority of the studies were of a quantitative nature.
Objective measures prevailed within the assessment types
used, which is in line with the literature, since quantitative
analysis aims to quantify and measure events in an objective
and precise manner®?),

It should be noted that a significant number of studies
had a limited number of participants, ranging from 10 to
147 individuals. This may be attributed to the characteristics
of ALS, as patients face challenges in participating in research
endeavors due to their significant vulnerability. As reported by
a study”, there is also a limited survival time that can interfere
with participation.

The average age of participants was 60 years, which is also
in line with the literature, indicating that the age of diagnosis
and first symptoms falls within the range of 58 to 60 years®®>?,
Regarding gender, males were more affected (56.4%), in line
with findings from other studies®.

The research identified that auditory-perceptual assessment,
acoustic assessment, and movement assessment, all aimed
at evaluating the degree of speech intelligibility, were the
main types of evaluation. These measures, when correlated
among themselves or with other instruments, provide relevant
information regarding the presence or absence of dysarthria
in ALS. Such findings are also reported in the literature of the
field. Authors®® report that a speech assessment comprises
motor speech evaluation, speech subsystem screening, auditory-
perceptual assessment, and intelligibility assessment, and that
many of these procedures overlap, as dysarthria in ALS affects
all speech subsystems.

Intelligibility and speech rate were evaluated in the auditory-
perceptual analysis because they are fundamental measures for
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assessing dysarthria in ALS. Speech intelligibility is a widely
used clinical measure as it demonstrates speech functionality
or limitations and serves to document intervention efficacy®V.

Speech rate is directly related to intelligibility, declining
before it; it decreases linearly with disease progression. This is
due to a motor compensation that ALS patients enact to maintain
intelligible speech®?. Since reduced intelligibility and speech
rate are nearly universal consequences of dysarthria, particularly
in ALS, it is imperative for speech-language pathologists to
have tools available to adequately evaluate these features©?.

Sentence length was also employed to assess the intelligibility
of speech in patients with ALS. The longer the sentence, the
more unintelligible the speech becomes, as the patient needs to
make more motor adjustments and compensations to maintain
intelligibility, and this leads to longer pauses during speech,
reducing speech rate and articulation precision®?,

The analysis of speech pauses proved to be a useful measure
to describe individual speech performance. Changes in this
parameter in ALS can provide important information for diagnosis,
such as the onset of bulbar impairment, since uncreased speech
pauses may be an indicator of motor base compromise®®.
The correlation of speech pauses with intelligibility and speech
rate is considered helpful in detecting changes associated with
bulbar ALS®Y.

Acoustic analysis is another method that provides subtle
information through signal processing and algorithms. It enabled
identification and monitoring of dysarthria evolution in ALS.
It aids in understanding both normal and pathological voices,
providing objective evidence for voice assessment as well as
tracking progression and treatment effectiveness®-®. This method
also aids in quantifying data and describing correlations between
perceptual judgments of vocal quality, type of dysarthria, and
speech intelligibility©”®),

The analysis of studies also showed that fundamental
frequency in ALS patients can either increase or decrease;
similar evidence was cited in a study®.

Movement analysis was evaluated through electromagnetic
articulography, which is a tool that shows articulator movement
patterns and speed, particularly the speed pattern of tongue
movement. Authors'" report that the tongue movement pattern can
be a relevant parameter for early detection of bulbar impairment.
While these patterns convey information about the severity
of dysarthria, the disadvantage of articulography lies in the
substantial investment required to acquire an electromagnetic
articulograph.

Movement assessment through diadochokinesis also reveals
neuromuscular integrity. This option has benefits, as it does not
involve costs with devices and does not require the patient to
have a cognition without any alteration".

Finally, the Amyotrophic Lateral Sclerosis Functional
Rating Scale — Revised (ALSFRS-R) is a scale widely used in
the assessment of patients with ALS to monitor the evolution
of symptoms and possible limitations in carrying out routine
activities”". The scale was used in the studies of this research)
to establish correlations with the dysarthria assessment measures
and the correlation was positive.

In this sense, the assessment of dysarthria in ALS requires
the use of different types of assessment and needs to be
performed by obtaining measurements of various parameters.
The involvement of speech-language pathologists is essential
in order to manage the assessment and care provided in relation
to speech, since dysarthria in ALS causes significant declines
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with devastating implications for the patient. In addition, the
speech-language evaluation of dysarthria can be a criterion
for the differential diagnosis. According to the results, there
was a limited number of national productions, which makes it
difficult to obtain information about how evaluations are being
carried out in Brazil.

CONCLUSION

The assessment of dysarthria in ALS is performed using
various parameters and different assessment procedures. This
variability results from the need to analyze the functioning of
all speech motor bases. The auditory-perceptual analysis is
the most used in the evaluation. The contribution of objective
measures, such as acoustic analysis and motion analysis, is
emphasized in establishing assessment criteria and monitoring
dysarthria in ALS.
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