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Background: The basal ganglia and cerebellum both have a role in speech

production although the e�ect of isolated involvement of these structures on

speech fluency remains unclear.

Objective: The study aimed to assess the di�erences in the articulatory pattern in

patients with cerebellar vs. basal ganglia disorders.

Methods: A total of 20 individuals with Parkinson’s disease (PD), 20 with

spinocerebellar ataxia type 3 (SCA3), and 40 controls (control group, CG) were

included. Diadochokinesis (DDK) and monolog tasks were collected.

Results: The only variable that distinguished SCA3 carriers from the CG was

the number of syllables in the monolog, with SCA3 patients of a significantly

lower number. For patients with PD, the number of syllables, phonation time,

DDK, and monolog were significantly lower than for CG. Patients with PD were

significantly worse compared to patients with SCA3 in the number of syllables and

phonation time in DDK, and phonation time in monolog. Additionally, there was

a significant correlation between the number of syllables in the monolog and the

MDS-UPDRS III for participants with PD, and the Friedreich Ataxia Rating Scale

for participants with SCA3 suggesting a relationship between speech and general

motor functioning.

Conclusion: The monolog task is better at discriminating individuals with

cerebellar vs. Parkinson’s diseases as well as di�erentiating healthy control and

was related to the severity of the disease.

KEYWORDS
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Introduction

Spinocerebellar ataxia type 3 (SCA3), also known as

Machado–Joseph disease (MJD), is an autosomal dominant

neurodegenerative disease, caused by the expansion of a repetitive

CAG sequence in the ATXN3 gene located on chromosome

14q32 (1, 2). The prevalence of SCAs has been estimated

to be two cases per 1,00,000 individuals worldwide; among

these, MJD is known as the most frequent SCA in the world.

In Rio Grande do Sul and Portugal, the minimum estimated

prevalence is 3 cases per 1,00,000 inhabitants (3, 4). Speech

disorders in SCA3 are characterized as ataxic dysarthria. The

main characteristics of ataxic dysarthria, related to the disruption

of the cerebellar circuit, are articulatory imprecision, prosodic

excess, variable stress patterns, prolonged phonemes and

pauses (leading to “scanning” speech), and phonatory-prosodic

insufficiency (5–7).

Parkinson’s disease (PD) is a neurodegenerative disorder

that affects both motor and non-motor systems. While it was

previously thought to be a disease of the basal ganglia, current

research suggests that it may also involve other regions of the

brain, including the cortex and brainstem (8). PD is the second

most prevalent neurodegenerative disease in the world, with a

worldwide incidence of between 1 and 20 per 1,000 individuals/year

(9). Although the motor symptoms of tremor, bradykinesia,

and rigidity are more prevalent, there is also a high incidence

of dysarthria in this population. Dysarthria in PD is of the

hypokinetic type, characterized by a reduction in the speed and

amplitude of movements that are necessary for speech, resulting

in a monotonous, breathy, and soft speaking voice. Hypokinetic

dysarthria can also cause imprecise articulation, resulting in slurred

speech, and difficulty in initiating and terminating speech (5–7,

10).

Diadochokinesis (DDK) is a maximum-performance speech

function that has been shown to differentiate between distinct

neurological conditions (6, 7, 11, 12). DDK taxes the speech

system, requiring maximum articulator speed, precision,

and coordination, with a minimal cognitive-linguistic load.

Spontaneous speech, on the other hand, requires cognitive-

linguistic processing in addition to speech subsystem coordination

(6, 7, 11). As the execution of movements for speech production

relies heavily on subcortical (and cortical) components (13),

perhaps some speech tasks can help to differentiate the

motor control of speech for two subcortical diseases (PD and

SCA), as suggested, for instance, by Ziegler (14). Although

dysarthria in PD and SCA3 is theoretically well-defined, less

is known about the differentiation of specific articulatory

parameters as well as the relationship to overall motor function.

Therefore, the study of these parameters can be helpful for

understanding these conditions and developing more effective

therapeutic strategies.

This study aimed to assess whether there are tasks

that differentiate the articulatory pattern in patients with

spinocerebellar ataxia type 3 (SCA3) (a cerebellar disease) and

Parkinson’s disease (PD) (a basal ganglia disease) compared with

controls (CG).

Materials and methods

A cross-sectional study was carried out at a university hospital

in Porto Alegre, Brazil. Patients were recruited from the movement

disorders outpatient clinics of Neurology and Medical Genetics

Services from January to December 2021. The sampling process was

convenience sampling. All patients treated at the service during the

research period were invited to participate in the study. Individuals

with a clinical diagnosis of Parkinson’s disease (PD) or a genetic

diagnosis of SCA3 were included. Individuals were excluded for

systemic conditions or other neurological disorders that could

affect speech patterns, as well as severe hearing loss. Healthy

individuals, unrelated to the speakers and matched by age, were

recruited from the community as a control group.

Informed consent was obtained from all subjects prior to any

study procedure. The Research Ethics Committee approved the

project by number 2019-0789. A preliminary version was presented

in PAS-MDS 2022, poster number 49.

All procedures were performed by evaluators trained to apply

speech tasks. Subjects from all groups were evaluated in a

quiet room. The total duration of evaluation for each individual

was approximately 10min. The collection of speech samples

consisted of recording tasks that assess the articulatory subsystem.

Participants were asked to perform the diadochokinesis (DDK)

task based on the alternating repetition of syllables [pataka] as

fast as the individual could in a single breath and spontaneous

speech based on the question “How was your day?” for 60 s. The

recording was performed with Audacity software version 2.3.2 and

a KARSECT HT-9 microphone, positioned approximately 5 cm

from the subject’s lips, which was coupled to the Andrea Pureaudio

USB adapter and connected to a computer which sampled the voice

signals at 44.1 kHz with 16-bit resolution (12).

Subsequently, all audio files were edited and normalized using

the Praat program (15) version 5.1. We used a script to detect

syllables from the loudness peaks and measure the speech rate

automatically with Praat. As Brazilian Portuguese only allows for

vowels at the syllable nucleus, counting the intensity peaks equals

determining the number of syllables. The analyzed parameters were

based on Rusz et al. (16) and Vogel and Maruff (17). The following

dependent variables were analyzed for the monolog and DDK:

(1) number of syllables, (2) phonation time, representing when a

continuous speech signal was interrupted, and (3) articulation rate,

which reflects the density of speech delivery (16, 17).

In addition, sociodemographic data (age, sex, and disease

duration) and neurological severity data were collected from

specific scales applied to each of the neurodegenerative diseases

as follows: Movement disorder society-sponsored revision of the

unified Parkinson’s disease rating Scale (MDS-UPDRS) (18) part III

and the activities of daily living subscale from the Friedreich Ataxia

Rating Scale (FARS-ADL) (19).

Independent variables were presented as descriptive analyses

(absolute and relative frequencies, mean and standard deviation).

ANOVA with Bonferroni’s test was used for the acoustic analysis of

the articulation variables between the groups (SCA3 × PD; SCA3

× CG; PD× CG). Statistical significance was defined as a p < 0.05.

The statistical software used was SPSS version 22.0.
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Results

Table 1 presents the sociodemographic and clinical data of

the sample. There was no statistical difference between groups

regarding age and gender. As shown in Figure 1, there are DDK

differences between PD and SCA3 in the number of syllables and

phonation time (p = 0.05) and monolog differences between PD

and SCA3 for phonation time (p = 0.01). The only variable that

distinguished SCA3 carriers from controls was the number of

syllables in the monolog, with SCA3 patients having a significantly

lower number. For patients with PD, the number of syllables, and

phonation time inDDK, andmonolog were significantly lower than

in controls.

The number of syllables in the monolog was significantly

correlated with the UPDRS (p = 0.039; r = −0.464) among PD

subjects and with the FARS (p = 0.017; r = −0,527) among

SCA3 subjects.

Discussion

The spontaneous speech task (monolog) was able to

differentiate the articulatory pattern in patients with SCA3

and PD. PD subjects spoke and articulated less compared with

SCA3 and the control group. The monolog is a sensitive and simple

task, regardless of education, to help detect speech disorders.

Although the DDK task is very commonly used (6, 7, 12, 16, 17), it

was altered only in PD patients and was not sensitive to differences

between the SCA3 and control groups.

Additionally, it was observed that eleven patients (55%) from

the SCA3 group had changes in diadochokinesis production, three

had a slower production in the execution of the task, and six

had a standard performance. The most frequently observed errors

included changes in syllable order (/PATAKA/ for /KAPATA/ and

/TAPAKA/). These findings corroborate the literature, which found

production irregularities and distortions in the production of DDK

in subjects with SCA3 (20, 21). However, those errors did not imply

a fluency breakdown as much as reflected in the measurements

used here. As a result, DDK was not sensitive for differentiating

controls from patients with SCA3 in our sample. There is some

suggestion that alternation motion rates (/PAPAPA/) are able to

detect issues with speech motor control in cerebellar diseases more

than sequential motion rates (/PATAKA/) (22).

The presence of errors and distortions in the DDK in patients

with SCA3 shows the function of the cerebellum in speech

production, which tunes the coordination of rapid movements

and controls movement. As demonstrated in the literature (13,

20, 23), the cerebellum contributes to sensorimotor adaptation

and is associated in neuroimaging studies of motor learning, with

the size or frequency of sensory error. It sends corrective motor

commands and contributes to feedback-based motor learning. The

role of the basal ganglia is linked to motor functioning, mainly

in the programming of the movement and in its learning, which

can also involve other brain regions, including the cortex and

brainstem (14).

Among their functions, the basal ganglia have regulatory action

concerning speech. Changes to that regulation alter the ability to

control movement in a dynamic and coordinated way. Reduction

in the number of syllables and phonation time in patients with

PD is described in the literature as a function of the basal ganglia

in speech production and can reflect bradykinesia and difficulty

with motor initiation. This region is involved in the regulation

of voluntary movements (including initiation, speed, range, and

direction), automatic movements (such as breathing movements),

balance and posture movements, facial movements (such as facial

expressions), and eye movements (5, 24, 25).

It must be noted, however, that disorders observed in patients

with cerebellar disease are generally mild and test scores frequently

fall into the lower end of the normal range (20). Among the tasks

used, DDK proved to be a promising variable for discriminating

patients with PD from patients with SCA3 although it was

impossible to distinguish SCA3 from control subjects at the DDK

task in our study; only the PD patients differed from controls.

There are articulatory differences when producing a syllable

(consonant-vowel) inserted in a monolog and the production

of diadochokinesis. Initially, DDK requires the standardized

repetition of the same cycle of movements, unlike spontaneous

speech, which involves a sequencing of different systems. In

addition, DDK is a maximum performance task and requires a

maximum rate of syllables with a consistent rhythm, whereas, in

a monolog, the syllable rate is habitual and may reflect cognitive-

linguistic load. Thus, these two motor tasks imply different

physiological mechanisms and are differentially susceptible to the

consequences of brain injury (14, 26).

Interestingly, SCA3 patients were slightly slower than the other

groups as reflected by the articulation rate (syllables per second)

although this difference was not statistically significant—a fact that

may be attributed to a rather small and heterogeneous sample.

Nevertheless, SCA3 patients took more time to produce fewer

syllables than the others in the monolog, a condition where the

maximum performance requirement does not apply. It is the

pattern of differences across both measures (phonation time and

the number of syllables), coupled with the trend in articulation rate,

that highlights the crucial differences between the groups.

The level of education influences the performance of subjects in

tests involving language. In low-income countries, such as Brazil,

there is a disparity in opportunities for access to formal education,

with a high proportion of individuals who did not attend a school

or attended for a period shorter than 4 years (27). Thus, the use of

tasks that involve reading skills can provide bias as the patient may

present an increase in the number of pauses caused by the reading

difficulty and not only by the change in the articulatory pattern.

Although the guideline for speech recording and acoustic

analyses (12) recommends the use of sequential, alternating motion

rates, reading passage, and monolog as integral aspects of motor

speech assessment in low-income countries, a large proportion of

patients have low education. Therefore, text-reading tasks become

more error-prone and practically unfeasible. The finding that

the monolog showed to be an efficient measure to differentiate

patients with PD vs. SCA3 vs. controls recommends this task for

populations with different equities rather than the use of reading

tasks (27).

The identification of a specific task helps in clinical practice,

contributing to diagnosis and speech therapy. Thus, it is suggested

that the collection of speech samples from a monolog and the

extraction of data related to the number of syllables and phonation
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TABLE 1 Sociodemographic data.

PD (n = 20) SCA3/MDJ (n = 20) Control (n = 40) p-value

Male 15 (75%) 7 (35%) 15 (37%) 0.072

Age (years) 53.45 (±6.13) 47.6 (±10.46) 50.0 (±9.48) 0.130

Disease duration (years) 13.01 (±6.02) 10.95 (±6.17) - -

Education 7.75 (±1.81) 10.80 (±4.11)

MDS/UPDRS-III 18.35 (±8.14) - - -

H&Y 1.1 (±1.14) -

FARS-ADL - 17.17 (±7.11) - -

PD, Parkinson’s disease; SCA3, Spinocerebellar ataxia type 3; MDS/UPDRS-III, Movement disorder society-sponsored revision of the unified Parkinson’s disease rating Scale part III; FARS-ADL,

Friedreich Ataxia Rating Scale.

FIGURE 1

Comparison between groups in the acoustic analysis of diadochokinesis and monolog variable. PD, Parkinson’s disease; SCA3, Spinocerebellar ataxia

type 3; *p = 0.05; **p = 0.01; ***p < 0.0001. ANOVA with Bonferroni’s test.

time should be included in a minimum protocol for articulatory

assessment in patients with PD and SCA3. Automatic extraction

in PRAAT software is efficient and overcomes the challenges

with perceptual judgments in speakers with reduced intelligibility.

Repetition errors in the DDK, such as a change in the syllable order,

maybe another important source of information as SCA patients

may perform well as related to the number of syllables produced.

In conclusion, using a simple question for monolog collection

proved to be the best task to discriminate the articulatory pattern

between patients with cerebellar vs. Parkinson’s diseases and

healthy subjects. In addition, both in SCA3 and PD, the monolog

was correlated with disease severity in their respective scales, the

lower the production of syllables in the speech, the greater the

severity of the disease. Whether or not this pattern of results

extends to patients with other cerebellar vs. basal-ganglia diseases

is still an open question.
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