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This study presents an analysis of linguistic aspects at the segmental and supraseg-

Conflict of interests: Nonexistent mental levels in individuals with Down syndrome with or without a diagnosis of speech
O apraxia. Ten individuals of both sexes, aged between 13 and 32 years, participated
in the study. Data collection was performed, individually and separately, in a video

recorded therapeutic session. Speech tasks consisted of word repetition, repetition of
sentences and automatic speech. The speech samples were submitted to phonetic
transcription with a description and analysis of phonoarticulatory alterations, typology
of disfluencies and prosodic alterations. The data were submitted to descriptive and
inferential statistical analysis, using the Mann-Whitney test for independent samples
and considering p-value<0.05 as significant. Individuals with speech apraxia (n="6),
compared with those without it (n=4), presented a higher occurrence of phonoar-
ticulatory alterations, with a statistically significant difference between the two groups
in omission (p=0.018) and articulatory inaccuracy (p=0.030) alterations; a higher
occurrence of disfluencies, mainly of the syllable repetition type; and the occurrence
of prosodic alterations (83.3%), which was not found in the group without speech
apraxia. The importance of the differential diagnosis of speech disorders in Down
syndrome is revealed with an evaluation that considers the different linguistic aspects
resulting from the differentiation of the characteristics of speech. Clinical intervention
should be early and guided by specific parameters.
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INTRODUCTION

Down syndrome (DS) is a genetic condition charac-
terized by a change in the distribution of chromosomes
in the cells, presenting an extra copy of chromosome
21 that causes an imbalance of the regulatory function
that genes exert on protein synthesis, resulting in a
loss of harmony in the development and functions of
cells. These deficits are present from intrauterine devel-
opment and will characterize the individual throughout
his life, consequently resulting in several character-
istics, primarily intellectual deficit and morphofunctional
alterations’.

Cognitive and language development occurs slower
and more delayed in children with DS than in children
without the pathology, with greater impairments
associated with linguistic aspects. Despite knowledge
of the delay in language development predicted in DS
— particularly at the lexical, pragmatic and phonological
levels — the nature of such difficulties in the acquisition
process is not well established®. Phonoarticulatory
abilities may be a necessary precursor for language
skills; that is, language disorders and dysfunction of
the oral motor sensory system often occur simultane-
ously®. In language development in individuals with
DS, comprehension develops better than expression,
with particular challenges in phonology and syntax,
indicating the existence of greater impairments
associated with the realization of the motor act of
speech.

Speech difficulties in DS are very noticeable, so,
these difficulties must be analyzed in a perceptual,
motor and linguistic context and may be related to
peripheral and central-level factors. Furthermore, it is
likely that several factors interact in the development
and persistence of these alterations, such as sensory
deficits, neurological dysfunctions and the oral motor
sensory system?*.

Individuals with DS present with a reduction in the
size of the oral cavity, alterations in the organs that
make up the stomatognathic system, phonoarticulatory
disorders due to difficulties or impediments in the artic-
ulation and alterations in phonation®. Stomatognathic
alterations have implications for speech, modifying
virtually all the articulatory points of consonants and
characterizing a speech disorder of musculoskeletal
origin, in which speech alterations originate due to
structural bone and muscle changes. In addition, this
speech disorder is associated with the presence of oral
breathing in these individuals, a respiratory mode that
favors bone, muscle and postural changes.
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Moreover, the speech characteristics of people
with DS may be altered not only by the characteristics
of the stomatognathic system of these individuals but
also by difficulties in the programming of movements
and sequencing necessary for the production of
speech sounds. A person with DS may demonstrate a
compromise in the ability to voluntarily program speech
movements, that is, when communicating, the individual
knows which words he wishes to emit; however, he
is not able to perform postural programming of the
phonoarticulatory structures and the planning of the
sequence of articulatory movements appropriate to
the production of the related sounds. Associated with
this aspect, there is a decrease in speech intelligibility,
inconsistency in errors, and difficulties in the sequen-
tialization of oral sounds and movements, aspects that
clinically characterize speech apraxia.

The prevalence of different types of speech
disorders and motor speech disorders was investigated
in individuals with DS through the analysis of speech
samples from 45 participants aged between 10 and
20 years using perceptual and acoustic methods and
measures from the Speech Disorders Classification
System. In total, 97.8% of the participants met the
criteria for motor speech disorders, including childhood
dysarthria (37.8%), speech motor delay (26.7%), a
combination of childhood dysarthria and childhood
apraxia of speech (22.2%), and childhood apraxia of
speech alone (11.1%). It can be verified that almost all
participants presented with motor speech disorders,
demonstrating the importance of conducting studies
in this area, as well as the relevance of considering
these aspects in the evaluation, with implications for the
therapeutic process®.

In view of the above, we performed a speech
analysis of people with DS with or without a diagnosis
of speech apraxia, describing and characterizing
the existing alterations at the segmental and supra-
segmental levels. As specific objectives, we sought
to investigate the phonological level of language,
observing the possible deviations and the phonetic
aspects contributing to the occurrence of articulatory
alterations; to identify the occurrence and typology of
the disfluencies present in the participants’ speech;
to check for prosodic changes; and to correlate the
findings with the cognitive, perceptual, linguistic and
motor aspects characteristic of Down syndrome.



CASES REPORT

Ethical aspects were considered with respect to
resolution 466/12 of the National Health Council.
The research project was submitted to the Ethics
Committee on Research with Human Beings of the
Centro de Ciéncias da Saude da Universidade Federal
da Paraiba and subsequently evaluated and approved,
with opinion number 1,302,829. During the collection,
a copy of the Free and Informed Consent Form was
presented to the legal representative of the volunteer
(for children under 18 years of age) and to the volunteer
(for those over 18 years old), preserving the confidenti-
ality of all data collected. In the case of a minor, a form
for obtaining the assent of the minor as also presented.
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The study was carried out in the Clinic-School of
Speech Therapy of the institution of origin, located in
the city of Jodo Pessoa, PB, Brazil. The study sample
consisted of 10 individuals with Down syndrome who
were participants of the university extension program
“Literacy in Agenda: Speech Therapy Intervention in
Subjects with Down Syndrome”, aged between 13 and
32 years, divided into two groups: people diagnosed
with speech apraxia (6 individuals) and people without
a diagnosis of apraxia but with speech disorder of
musculoskeletal origin (4 individuals). Five individuals
were females, with a mean age of 19.6 years, and five
were males, with a mean age of 17.8 years. The charac-
terization of the participants of each group regarding
gender and age is available in Figure 1.

Identifier Diagnosis Sex Age
A1 Speech Apraxia F 19
A2 Speech Apraxia F 15
A3 Speech Apraxia F 16
A4 Speech Apraxia M 17
A5 Speech Apraxia M 17
A6 Speech Apraxia M 25
T1 Speech Disorder of Musculoskeletal Origin F 32
T2 Speech Disorder of Musculoskeletal Origin F 16
T3 Speech Disorder of Musculoskeletal Origin M 17
T4 Speech Disorder of Musculoskeletal Origin M 13

Legend: Female (F); Male (M); Apraxia (A); Speech Disorder of Musculoskeletal Origin (T).

Figure 1. Characterization of participating individuals by group

The inclusion criteria were the presence of oral
verbal language and cognitive development necessary
to perform the tests of the data collection instrument.
These cognitive aspects were evaluated based on
specific extension project protocols. To compose the
two study groups, individuals with DS and a diagnosis
of speech apraxia in childhood or speech disorder of
musculoskeletal origin were selected.

The diagnosis of speech alteration for the partici-
pants was obtained through global evaluation using
the MBGR Protocol®, which consists of the individual’s
clinical history, an orofacial myofunctional examination,
involving the evaluation of organs and functions of
the stomatognathic system through visual inspection,
palpation, measurements and functional analysis, and
the Protocol for The Evaluation of Speech Apraxia’,
consisting of tests for the evaluation of nonverbal praxia
with requests for isolated and sequential movements,

performed after verbal command. In the test for the
evaluation of verbal praxia, the protocol consists of
tasks of repetition of words and sentences, automatic
speech, spontaneous speech and the reading aloud of
words and sentences.

The speech sample data were submitted to manual
phonetic transcription; speech-language changes,
disfluency typology and prosodic classification
were identified, selected and described through the
subjective evaluation of the principal researcher,
specialist speech therapist and clinical expert in the
field.

The speech characteristics of the individuals
were divided into the following dimensions: Speech
(transcription of the speech sample of the participants),
Articulation (phonoarticulatory alterations, classified as
addition, substitution, distortion, omission and articu-
latory inaccuracy)®, Fluency (typology of disfluencies)®
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and Prosody (classified as normal or altered, from
the observation of atypical patterns of accentuation,
intonation and rhythm)1©.

The results obtained from the evaluations of the
participants were analyzed quantitatively. The phonoar-
ticulatory alterations, the typology of disfluencies and
the prosodic classification obtained from the data of
the speech apraxia evaluation tests were identified and
submitted to descriptive statistics. Subsequently, the
data were submitted to inferential statistics to compare
the results obtained from the two groups of the study
sample.

The descriptive and inferential analysis was
performed using statistical software R, version 3.2.5. A

significance level of 95% reliability was adopted. Initially,
descriptive statistical analysis was performed to verify
the means and standard deviations of the variables
studied. Then, hypothesis tests were performed using
the Mann-Whitney nonparametric test for independent
samples to compare the two groups analyzed in this
study.

RESULTS

Analysis of the phonoarticulatory alterations and
typology of the disfluencies observed in each group
and the intergroup comparisons are presented in
Table 1.

Table 1. Intergroup comparisons of identified phonoarticulatory alterations and disfluencies

Apraxia Group

Musculoskeletal Disorder Group

Variable Mean sD Mean sD P-value
Omission 12.33 413 2.25 2.62 0.018*
Replacement 12.7 6.94 5.75 4.92 0.164
Addition 0.16 0.40 0.25 0.50 0.878
Distortion 0 0 0.50 1 0.307
Articulatory inaccuracy 4.5 4.28 0 0 0.030*
Repetition of sounds 0.16 0.40 0 0 0.543
Repetition of words 0.50 1.22 0 0 0.543
Repetition of syllables 1 1.54 0.50 1 0.692
Block 0.16 0.40 0 0 0.540
Extension 0.16 0.40 0.25 0.50 0.878
Intrusion 0.16 0.40 0.25 0.50 0.878

Legend: SD: Standard deviation; Mann-Whitney U test. *p-value<0.05.

The frequency of the phonoarticulatory alterations
produced by each participant is shown in Figure 2. In
individuals diagnosed with speech apraxia, there was
a predominance of omission (p=0,018) and substi-
tution (p=0,030) alterations, and statistically significant
differences were found between the two groups in the
occurrence of omission and articulatory inaccurate
alterations. In the group of participants without speech
apraxia, diagnosed with speech disorder of musculo-
skeletal origin, the individuals also presented examples
of substitution and omission, but with a much smaller
occurrence, in addition to examples of distortion and
addition.

The distribution and typology of disfluencies were
observed in a lower occurrence. In the apraxia group,
participant A1 presented only one repetition of sounds;
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A2 produced word repetition (3), syllable repetition (3)
and block (1); A3 produced only one extension; A4
presented with repetition of syllables (3) and intrusion
(1); participants A5 and A6 did not present with any
disfluency. In the group with speech disorder of muscu-
loskeletal origin, participant T2 presented with repetition
of syllables (2) and prolongation (1); participant T3
presented with intrusion (2); and participants T1 and T4
did not produce disfluencies. The group of individuals
with apraxia, when compared with the group with
speech disorder of musculoskeletal origin, had a higher
occurrence of disfluencies, mainly of the repetition type
of syllables and words; however, the results were not
statistically significant. In both groups, the presence
of common disfluencies of the hesitation, interjection,
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e i - — Articulatory

Identifier Omission Replacement Addition Distortion Inaccuracy
Al 16 10 0 0 6
A2 14 15 0 0 12
A3 11 19 1 0 7
A4 06 19 0 0 3
A5 10 1 0 0 0
A6 17 9 0 0 2
T1 1 0 0 0 0
T2 0 5 0 2 0
T3 2 6 1 0 0
T4 6 12 0 0 0

Legend: Apraxia (A); Speech Disorder of Musculoskeletal Origin (T).

Figure 2. Frequency of phonoarticulatory changes

revision and unfinished word type or of stuttering disflu-
encies of the pause type was not observed.

Prosody was classified as normal or altered for
individuals in both groups. A total of 83.3% of the
individuals with apraxia presented with altered prosody,
and only one - participant A6 - presented with normal
prosody. In the group with speech disorders of muscu-
loskeletal origin, none of the participants showedpro-
sodic alterations.

DISCUSSION

As a general characteristic of speech apraxia, the
most common articulatory failures are related to substi-
tutions, followed by omissions, inversions, additions,
repetitions, distortions and prolongations of phonemes.
The involvement occurs primarily in the articulation
and secondarily in prosody. The omission of sounds
more specifically distinguishes childhood apraxia of
speech', corroborating the results of our study, in
which individuals with Down syndrome and a diagnosis
of apraxia presented with a significantly higher occur-
rence of omissions than the group diagnosed with
speech disorder of musculoskeletal origin.

Our results are also similar to those of a study
conducted to compare and analyze the repair strategies
used by twenty-one children with typical or atypical
phonological acquisition and with speech apraxia,
which found that the group with apraxia tended to omit
syllables, perform both the usual substitutions and,
mainly, idiosyncratic substitutions and assimilation'2.

According to the literature, problems related to the
anatomy of the phonatory apparatus, one of the charac-
teristics of DS, compromise the harmonious movement

of articulators, and orofacial hypotonia is one aspect,
among others, that hinders the motor programming
of sounds, triggering phonetic changes. In addition,
cognitive deficit, another factor inherent to the
syndrome, is responsible for aggravating articulatory
alteration: neurological immaturity limits the memori-
zation and motor programming of sound chains'.

In the group of individuals with DS and speech
disorder of musculoskeletal origin, phonoarticulatory
alterations were also found, but in a smaller number,
and may be associated with the characteristics of the
stomatognathic system and existing sensory deficits,
aspects that generate difficulties or impediments in the
articulation and alteration of phonation, compromising
speech. The phonoarticulatory disorders found in
people with DS are commonly associated with muscle
hypotonia, which, when accentuated, can cause
decreased movement of the phonoarticulatory organs
(OFAs), reflected in articulatory inaccuracies, substitu-
tions or distortions of sounds.

Muscle hypotonia also causes an imbalance of the
forces between the oral and facial muscles, altering
the dental arch, resulting in an aspect of mandibular
projection and contributing to the tongue assuming
an inadequate position. Oral breathing, in addition
to making the child more susceptible to respiratory
infections, alters the shape of the palate and makes it
difficult for him to articulate sounds. The main charac-
teristics that predispose these children to difficulties
with speech are hypotonia and oral breathing®.

In addition to the hypotonia of the orofacial muscu-
lature, peculiar craniofacial complex characteristics
are also found: a small and narrow palate, pseudo-
macroglossia, cleft tongue, underdevelopment of the
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maxilla and middle third of the face, a small nose,
a flat or prognathous facial profile and ligament
hyperflexibility™. In individuals with pseudomacro-
glossia, all phonemes using the tongue are impaired.
Hypernasality, a common feature in Down syndrome,
which may be caused by the alteration in velopha-
ryngeal sphincter mobility, may lead to changes in
voice quality and speech intelligibility. The impairment
and changes resulting from inadequate craniofacial
growth lead to disorders in the production of speech as
a whole. Dentofacial deformities can include open bite,
cross- and overbite, as well as angle class |, Il and llI
facial growth patterns, altering mandibular movements
and influencing speech patterns. Another common
characteristic in these individuals is dental crowding
and the absence of teeth, facilitating inadequate tongue
movements and influencing the passage of air through
the oral cavity and diastema, as well as accumulation
of saliva in the cavity causing whistles and changes in
speech intelligibility.

In a study conducted with 5 adults with Down
syndrome that sought to identify speech intelligibility
deficits and search for error profiles based on listeners,
a word intelligibility test was used, verifying that the
main changes were the simplification of consonants
in the initial and final positions of words and contrasts
involving tongue positioning, control and duration’s.
These results correspond with our study regarding
the identification of the occurrence of substitution type
alterations as recurrent in the speech of individuals with
Down syndrome, generating impairments in communi-
cation and speech intelligibility.

Phonological accuracy and speech intelligibility
were investigated in boys with Down syndrome, fragile
X syndrome associated with autism spectrum disorder,
fragile X syndrome only, and typical development,
verifying that boys with Down syndrome obtained lower
results in measures of phonological accuracy and
occurrence of phonological processes than the other
groups and used fewer intelligible words than boys
with typical development'®, which may be associated
with oromyofunctional alterations characteristic of
Down syndrome as well as difficulties in planning and
programming the movements necessary for the proper
realization of the motor act of speech.

In a study conducted with 45 adolescents with Down
syndrome to identify the associations between motor
speech disorders and intelligibility, low intelligibility
was significantly associated with general reductions
in phonemic and phonetic accuracy and with prosody
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and voice inadequacies. Among the participants, five
presented with a diagnosis of childhood apraxia of
speech, three of whom presented with reduced intel-
ligibility, none with moderate intelligibility and two with
high intelligibility. The results showed that reduced
intelligibility was not significantly associated with
the demographic, intelligence or language variables
evaluated in the study. Significantly more participants
with dysarthria or apraxia presented with reduced intel-
ligibility, as observed in the analysis of groups of partic-
ipants with dysarthria, apraxia, or combined dysarthria
and apraxia'. In this sense, phonoarticulatory altera-
tions, found mainly in individuals with speech apraxia
in our study, can have a significant impact on speech
intelligibility, which then impacts oral communication.

The perceptual characteristics of speech were
described in a study on twenty-six children with DS,
identifying that the most compromised characteristics
were naturalness, inaccurate consonants, hyponasality,
speech rate, inappropriate silences, irregular vowels,
prolonged intervals, general intensity level, frequency
level, oropharyngeal resonance, hoarse voice, reduced
stress and prolonged phonemes. The findings suggest
that speech disorders in DS are due to distributed
impairments involving voice, speech sound production,
fluency, resonance and prosodye.

Fluency can be considered a speech performance
descriptor, differentiating itself from other components
of language by characterizing an automatic pattern
that makes it possible for a speech to be perceived as
uninterrupted. Speed can be understood as a measure
of the amount of speech produced in a given time.
Speech smoothness is the result of effortless motor
production and transition. Fluency and smoothness
of speech result from practical learning; consequently,
as motor programs are performed, corrected and
repeated, the acts become natural®.

The intellectual impairment present in individuals
with DS contributes to a higher mean prevalence of
stuttering than the general population. Despite being
considered a primary symptom in several genetic
syndromes, the data on fluency are still unclear,
which prevents the differentiation of stuttering from the
development of stuttering associated with this alter-
ation®. Stuttering is perpetuated through adulthood
in individuals with Down syndrome; one may think
that due to motor impairment and difficulty in the
development at the phonological level, the individual
incorporates the pattern of disfluency into his speech
rhythm?2'.



In this sense, with regard to fluency and prosody,
in an elaborate review study, it was concluded that
stuttering, a communication disorder characterized by
involuntary speech interruption that affects, on average,
1% of the general population but 10 to 40% of the Down
syndrome population. These studies point to significant
prosodic disturbances®. In another study, 76 individuals
with Down syndrome, aged between 3.8 and 57.3
years, were evaluated by the Predictive Cluttering
Inventory; 78.9% obtained a score that classified them
as dysfluent, and 17.1% were qualified as stutterers®.

Speech disfluencies were also analyzed in the
spontaneous speech of twenty-six children with DS
aged between 3 and 13 years. Approximately 30% of
children with DS presented with stuttering; in addition,
there was a difference in the distribution of the types
of disfluencies. The younger age group of children
with DS presented proportionally more common
disfluencies, while the older age group presented
proportionally more stuttering disfluencies, pointing to
a developmental trend. In the analysis of the typology
considered for the classification of disfluencies, it was
observed that most participants presented with inter-
jections, repetitions of multisyllabic words and prolon-
gations. Repetitions of single-syllable words, blocks,
repetitions of sentences and partial repetitions of words
were observed in approximately half of the participants.
Revisions occurred in the speech of only approxi-
mately a quarter of the participants, and word breaks
were heard only in a few speech samples®. In our
study, different patterns were observed, with a higher
occurrence of disfluencies in the group with DS and
associated apraxia, mainly of the repetition of syllables
and words. Prolongations were observed in two partici-
pants, while neither group displayed interjection and
revision disfluencies.

In individuals with apraxia, the lack of fluency in
speech is primarily caused by pauses and hesitations,
which occur in an attempt to correctly produce words,
emerging as a form of compensation for the continuous
difficulty in articulation?®*. Unlike the above, in the
present study, there was no indication of hesitation or
pause disfluencies in individuals evaluated with DS and
apraxia, inconsistent with the results of the previous
study, which may indicate different patterns of fluency
in speech apraxia associated with Down syndrome,
with a tendency of participants to predominantly make
omissions and articulatory inaccuracies as adjustments
in the face of difficulties in phoneme production, with
lower impairments to speech fluency. The results found
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in our study may also represent particular character-
istics of the research participants, which hinders gener-
alizations due to the small sample size.

For the diagnosis of speech apraxia, it is important
to consider the segmental characteristic of articulatory
groping, especially at the beginning of speech; substi-
tution errors, characterized mainly by metasis; incon-
sistent speech exchanges; and a greater number of
vowel errors. Suprasegmental characteristics are also
worth mentioning, including inconsistent realization
of stressed syllables and nasopharyngeal resonance
perception®. When considering the specific context
of DS, other considerations are also important for the
differential diagnosis of the type of speech disorder
due to the specific characteristics associated with
the phenotype of the syndrome and the possibility of
cooccurrence with other disorders.

Sensory deficits, such as hearing loss itself, are
organic factors that influence the communication of
individuals with Down syndrome. In a study conducted
with 15 individuals, most children presented with
middle ear alterations and conductive hearing loss.
This deficiency significantly impairs the monitoring of
individuals with the syndrome at the phonoarticulatory
and prosodic levels due to the absence of auditory
feedback?®. These difficulties of perceptual origin linked
to changes in the phonoarticulatory organs contribute
to changes in speech fluency and prosody.

Prosodic aspects comprise several acoustic
elements that form intonation and are also associated
with the rhythm of speech, being important for the
transmission of emotions and the senses involved in
communication. Prosodic abilities were investigated
in a study with nine children with Down syndrome
(ranging from 45 to 63 months and with a mean age
of development of 30 months) and twelve children with
typical development and equivalent age by recording
spontaneous productions during observations of
mother-child play sessions. Data analysis showed that
despite their morphosyntactic difficulties, the children
with DS were able to master some aspects of prosody
in utterances with several words, producing unique
intonations in utterances with several words at the
same level as the children with typical development.
Moreover, the intonational contour of their expressions
was not negatively influenced by syntactic complexity,
contrary to what occurred in children with typical devel-
opment, although it is necessary to consider that the
utterances produced by the children with DS were less
complex than those produced by the children in the
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control group. However, the children with DS seemed
to be less able to use intonation to express pragmatic
interrogative functions?.

A perceptual and acoustic evaluation of prosody
was performed in three individuals with DS aged
between 16 and 44 years. Several perceptual param-
eters were classified as diverging from the normal
range, in particular the frequency level (abnormally
low), monopitch, monoloudness, speech rate and
stress expression. The acoustic analysis showed a
higher mean FO in spontaneous speech for participants
with DS, and the larger FO intervals observed in the
speech of participants with DS may reflect inconsis-
tency in motor control during speech. Regarding mean
amplitude and amplitude variability, all participants
were within the mean range for the mean amplitude
of the conversation level. In addition, the three partici-
pants with DS had a greater amplitude interval than
their respective controls, indicating greater volume
variation in speech, which may also be associated with
difficulties in motor control?.

Different aspects of intonation and phonation in the
speech of people with Down syndrome were acousti-
cally analyzed. The results of intonation and phonation
spectrography indicated that young people and adults
with Down syndrome present with a reduction in
organic and laryngeal tessitura, litle melodic variation
and reduced intonation patterns®. In our study, we
observed the occurrence of prosodic alterations
only in the group of individuals with Down syndrome
associated with speech apraxia, a result consistent
with the criteria of diagnostic validity of apraxia, which
consider inadequate prosody as one of the three widely
recognized characteristics, along with inconsistent
unusual substitutions and difficulties in initial articu-
latory configurations or transition movements.

Considering speech apraxia as a neurological
disorder of speech sounds, which is characterized by
changes in the parameters of planning and/or spatial-
temporal programming of movement sequences, which
results in errors in speech production and prosody,
the aspects found in individuals with Down syndrome
and apraxia corroborate those already described in the
literature in the field. The results of the present study
highlight the importance of observing difficulties in
programming and sequencing speech movements in
individuals with Down syndrome because the speech
characteristics of these people may be altered due to
multiple factors, such as the specific characteristics of
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the stomatognathic system and neurological reasons,
which include delay in cognitive development.

The speech apraxia found in these individuals
may be related to several neurological impairments,
which also justify the numerous cognitive challenges
observed. Individuals with DS, compared with those
with typical development, present with marked differ-
ences in general cognitive functioning. Evidence from
neuroimaging studies suggests that cognitive deficits
experienced by children with DS are associated with
structural and functional neuroanatomical abnor-
malities. Some of these abnormalities include fewer
dendritic branches in the brain, fewer synapses and
reduced functional brain connectivity found in many
newborns with DS; studies with older children and
young adults with DS indicate reduced brain volume,
with specific reductions in the cerebellum and frontal
and temporal regions; and studies with school-age
children and models of mice with DS reveal a significant
dysfunction in the hippocampus, which has also been
associated with general cognitive ability®°.

Our results indicate that the linguistic aspects at
the segmental and suprasegmental levels are different
in individuals with DS, according to the alterations
present in speech disorder of musculoskeletal origin or
speech apraxia, which is fundamental for the differential
diagnosis for the establishment of adequate thera-
peutic conduct and clinical progress. Diagnosis can be
difficult, especially when this disorder is comorbid with
other speech and language abnormalities associated
with the syndrome. Therefore, the study and evaluation
of the various linguistic levels can collaborate in this
process, contributing to a better understanding of the
process of language acquisition and development in
these individuals.

FINAL CONSIDERATIONS

The present study indicated that individuals with
Down syndrome and a diagnosis of apraxia, compared
with individuals without speech apraxia but with speech
disorder of skeletal muscle origin, present with a consid-
erably higher occurrence of phonoarticulatory altera-
tions; a higher occurrence of disfluencies, especially
syllable repetition; and finally, the occurrence of
prosodic alterations (83.3%), which were absent in the
group with speech disorder of musculoskeletal origin.

This research brings relevant contributions
regarding linguistic characteristics in the different
speech alterations (of musculoskeletal and neuro-
logical origin) in people with DS. In addition, it provides



perspectives for further studies on the theme, taking
into account the small number of national publications
addressing speech apraxia, a clinical condition that has
severe repercussions for the speech of individuals and
presents itself as one of the most difficult and prolonged
speech pathologies with regard to treatment.

It is recommended that studies be conducted with
larger samples that characterize the various linguistic
levels (pragmatic, morphosyntactic, phonological and
semantic), according to the different speech alterations.
It is extremely important that a differential diagnosis of
the alterations in the speech of individuals with Down
syndrome be performed, and thus, in this perspective,
studies that can identify clinical markers associated
with the speech production of these individuals would
be relevant.
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