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Abstract

quality of the included studies.

and the cerebellum (n=64).

Background: Dysarthria is a common and persisting sequela to stroke. It can have a negative influence on psy-
chological wellbeing, and quality of life. This systematic review aimed to describe and identify the neuroanatomical
regions associated with non-progressive dysarthria following stroke.

Methods: A systematic search of PubMed, Ovid Medline, CINAHL, Cochrane, Scopus, and ScienceDirect was con-
ducted to identify all relevant articles published in peer-reviewed journals up to December 2021. Following data
extraction, the National Institutes of Health (NIH) quality assessment tools were used to evaluate the methodological

Results: Out of 2186 papers found in the literature related to dysarthria post-stroke, 24 met the inclusion criteria.
Eligible articles assessed 1150 post-stroke subjects. Out of them, 420 subjects had dysarthria from isolated lesions.
Regarding dysarthric subjects with ischemic strokes, 153 sustained supratentorial infarctions, while 267 had infraten-
torial infarctions. The majority had pontine infarctions (n = 142), followed by infarctions in the corona radiata (n=104),

Conclusion: This systematic review is the first step toward establishing a neuroanatomical model of dysarthria
throughout the whole brain. Our findings have many implications for clinical practice and provide a framework for
implementing guidelines for early detection and management of dysarthria post-stroke.

Keywords: Non-progressive dysarthria, Stroke, Neuroanatomical regions, Systematic Review

Background

Non-progressive dysarthria is a motor speech disorder
characterized by weakness, incoordination, slowness of
the speech musculature, and speech intelligibility [1, 2].
It is induced by non-progressive diseases of the central
nervous system, such as traumatic brain injury (TBI) and
stroke [3, 4]. Non-progressive dysarthria is estimated to
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occur in 20-42% of stroke survivors and two-thirds of
all subjects with their first-ever ischemic stroke [5, 6].
It leads to negative social and emotional consequences
[1, 7-9] that can last for months after a stroke. Tak-
ing into consideration the high incidence of dysarthria
post-stroke [5] and the associated negative sequelae, it is
crucial to identify the stroke occurrence early on and to
prevent its complications.

Computed tomography (CT) is the gold standard diag-
nostic tool for stroke due to its affordability, accessibility,
and rapid image acquisition [10], whereas magnetic reso-
nance imaging (MRI) is also regarded as a valuable and
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complementary diagnostic tool [11]. Recent neuroimag-
ing studies showed that dysarthria post-stroke is related
to lesions involved in speech-related areas, which include
the primary motor cortex, the lateral premotor cortex as
well as the prefrontal cortices, the supplementary motor
area [12, 13], the corona radiata, the internal capsule, the
striatocapsular area, the midbrain, the pons, the medulla,
and the cerebellum [13-19]. These findings have the
potential to provide a summary of the neuroanatomical
predictors of dysarthria post-stroke stroke.

To our knowledge, there has been no review investigat-
ing the occurrence of dysarthria due to single or multi-
ple lesions, and its anatomical location in subjects with
stroke. A synthesis of the literature on the presentation
of dysarthria in adults with stroke, in addition to infor-
mation on brain lesions associated with the development
of this impairment, will help healthcare providers and
speech therapists implement early assessments and inter-
ventions. The aim of this systematic review is, therefore,
to describe and identify the neuroanatomical regions
associated with non-progressive dysarthria following
stroke.

Methods

Protocol and registration

The current systematic review was performed follow-
ing the Preferred Reporting Items for Systematic reviews
and Meta-Analyses guidelines (PRISMA) [20]. A state-
ment of ethics was not required. The study protocol
was registered on PROSPERO (registration number:
CRD42022310796). The initial protocol included the
performance of a meta-analysis. However, the planned
meta-analysis was not performed because most of the
studies did not report common outcome and our objec-
tive was restricted to identifying the neuroanatomical
brain regions associated with non-progressive dysarthria
among subjects with stroke.

Information sources and search strategy

A systematic literature search was carried out on the
following medical electronic databases: PubMed, Ovid
Medline, CINAHL, Cochrane, Scopus, and ScienceDi-
rect. The review addressed studies published in peer-
reviewed journals up to the 31 of December 2021. The
databases were searched using the following keywords:
“stroke’, “cerebrovascular accident’; “dysarthria’} “neu-
roimaging’, “magnetic resonance imaging’ “positron
Emission Tomography’, and “Computed Tomography”.
Boolean Operators (AND, OR) were used to combine the
keywords. The search strategy was as follows: dysarthria
and (stroke or “cerebrovascular accident”) and (neuro-
imaging or “magnetic resonance imaging” or “positron
Emission Tomography” or “computed tomography”).
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For PubMed, Ovid Medline, CINAHL, and Cochrane
databases, all the keywords were used as exploded medi-
cal subject headings (MeSH) except for “cerebrovascular
accident” which was used as a keyword. The MeSH term
used for computed tomography was “Tomography, X-Ray
Computed”. For CINAHL database, the MeSh “neurora-
diology” corresponded to “neuroimaging” For Scopus
and ScienceDirect databases, the keywords were used as
free-text. The search was restricted to articles published
in English and no other limits or filters were used. Fur-
thermore, reference lists from eligible articles were hand-
searched to identify more relevant papers for inclusion.

Eligibility criteria

Eligible studies used neuroimaging techniques including
MRI, positron emission tomography, or CT to identify
brain lesions associated with the presence or absence of
dysarthria post-stroke. Eligible studies included adults
(>18 years) with acquired non-progressive dysarthria
post-stroke. The accepted study designs were (1) cross-
sectional studies, (2) cohort studies, (3) randomized
controlled trials, (4) and case series with>10 partici-
pants. Consequently, excluded studies were (1) narrative
or systematic reviews, (2) case reports, (3) correspond-
ence, (4) editorial or expert opinions, (5) methodologi-
cal articles, (5) conference abstracts, (6) studies involving
children and adolescents, (7) studies that did not report
dysarthria outcomes according to brain region, and (8)
studies on transient dysarthria or dysarthria induced by
medications.

Selection and data collection process

Search and identification of eligible studies were per-
formed independently by two reviewers (MS and HZ).
All the retrieved references were imported into End-
Note X8 software and duplicates were removed. The two
reviewers (HZ and RD) screened titles and abstracts to
select eligible papers. Any disagreements were resolved
by discussion and cross-checking the papers.

Data extraction was conducted independently by MS
and RD using Microsoft Office Excel. For each full-text
paper, detailed information was collected on basic study
information (last author’s name, publication year, and
country of study), study design and sample size, presence
of a control group, participant characteristics (mean age,
gender), as well as the neuroimaging technique used to
investigate the presence/absence of dysarthria, site, side
of the lesion, type of stroke, and the main findings.

Synthesis methods

Within each paper, we identified the location of the lesion
for each subject with stroke, whether it was multiple or
isolated and the presence or absence of dysarthria. The
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findings were synthesized according to neuroanatomical
brain regions. The relative frequency of dysarthria within
studies was calculated and the findings were presented
accordingly. Data collected by the two reviewers (MS
and RD) were compared and discrepancies were resolved
by consensus. The distribution of the neuroanatomical
locations associated with dysarthria post-stroke were
reported for each study individually (see additional file 1).

Methodological quality assessment

The National Institutes of Health (NIH) quality assess-
ment tools were used to assess the quality of all the eli-
gible studies (available at: https://www.nhlbi.nih.gov/
health-topics/studyquality-assessment-tools). The quality
assessment was performed independently by two review-
ers (MS and ZN); discrepancies were resolved by discus-
sion and consensus. The NIH quality assessment tools
were developed to assess the quality of observational
studies including cross-sectional, retrospective observa-
tional, and case series studies [21]. It is commonly used
and recommended nowadays [21]. The quality of cross-
sectional and retrospective observational studies is rated
based on fourteen items, while case series studies are
evaluated based on nine items (see Additional file 2). The
ratings on the different items are obtained by using yes or
no responses. For each “yes” response, 1 point is awarded
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for the evaluated study. The quality of each study is
decided on the total score obtained. Cross-sectional and
retrospective observational studies that score> 11 points
and case series studies that score>7 points are consid-
ered of “good” quality. Furthermore, cross-sectional and
retrospective observational studies of 6 to 10 points and
case series studies of 4 to 6 points are considered of “fair”
quality. Studies of lower scores are defined as having
“poor” quality.

Results

Study selection

Figure 1 illustrates the flowchart of the selection pro-
cess. The literature search retrieved a total of 2186 stud-
ies. 2148 papers were identified from databases, while 38
papers were identified from reference lists. After remov-
ing duplicate records (n=233), a total of 1953 stud-
ies were assessed for eligibility. Screening uncovered 33
papers for full-text review. Following the review process,
nine papers did not meet the eligibility criteria [22-30],
while 24 papers met the inclusion criteria and were
included in the systematic review.

Study characteristics
Table 1 reports the characteristics of the 24 included
studies (published between 1992 and 2017). Both

[ Identification of ies via and regi [ Identification of studies via other methods J
—
Records identified from:
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= Ovid Medline (n = 145) Records removed before . - .
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= Cochrane (n = 2) Duplicate records removed articles (n = 38) 9
5 Scopus (n = 1790) (n=233) =
k) ScienceDirect (n = 42)
Total (n = 2148)
I
—
Records screened > Records excluded
(n=1915) (n=1890)
Reports sought for retrieval »| Reports not retrieved Reports sought for retrieval | Reports not retrieved
2 (n=21) 7| (n=0) (n=12) "l n=0)
e
; | !
o
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Fig. 1 Flow chart of study selection strategy
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ischemic (n=22) and hemorrhagic (n=2) strokes were
analyzed. The studies presented seven countries, namely
Germany [17, 31-34], Switzerland [19, 35, 36], Turkey
[16, 37, 38], Korea [39, 40], the United States of America
[41], Japan [42-45], and South Korea [18, 46—-49]. The
total number of assessed subjects was 1150 adults (aged
18 years and above), out of whom 577 subjects had dysar-
thria. Gender ratio of 2:1 (male to female) was reported,
with males representing 64.09% (n=737) and females
34.34% (n=395). Gender was not addressed in one of the
studies, representing 1.57% of subjects (n=18) [33].

Dysarthria assessment was performed through clini-
cal evaluation (n=19/24) [16, 18, 19, 35-50], conducted
either by a neurologist (n=15/19) [16, 18, 19, 3642,
44-47, 50], or a psychiatrist (n=1/19) [49], or unspeci-
fied (n=3/19) [35, 43, 48]. Dysarthria assessment was
also done through a formal assessment tool, performed
by experienced speech and language therapists (n =5/24)
[17, 31-34].

As for the neuroimaging techniques used for lesion
analyses, eight studies reported using MRI [19, 35, 40,
42-44, 47, 48], two studies used CT [38, 39], while the
remaining fourteen studies used either MRI or CT or a
combination of both [16-18, 31-34, 36, 37, 41, 45, 46, 49,
50] (Table 1).

Quality assessment

Table 2 summarizes the results of the methodologi-
cal quality assessment of the eligible studies using NIH
quality assessment tools. The present systematic review
included 8 cross-sectional studies, 6 retrospective obser-
vational studies, and 10 case series. The cross-sectional
studies were awarded seven to ten points out of four-
teen, retrospective observational studies obtained seven
to eight points, while case series studies received five to
seven points out of nine. Based on the reviewer’s qual-
ity criteria on the NIH quality assessment tools, all cross-
sectional and retrospective observational studies were
considered of “fair” quality. Case series studies had “fair
to good” quality (Table 2).

Neuroanatomical regions of interest

Table 3 shows the neuroanatomical regions of stroke
and the frequency of dysarthria in all subjects. Twenty-
four articles reported the frequency of dysarthria in 1150
subjects with stroke; 909 subjects had ischemic strokes
while 241 had hemorrhagic strokes. All articles evalu-
ated the presence/absence of dysarthria according to dis-
crete neuroanatomical regions of interest. All subjects
are reported to have circumscribed lesions in multiple or
single discrete brain region. Lesions restricted to a sin-
gle brain region or area are considered isolated lesions.
Eight of the 24 studies were conducted on subjects all
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diagnosed with dysarthria due to stroke to inspect asso-
ciated brain regions [16, 31-34, 43, 46, 49]. However,
the remaining studies were conducted on subjects with
ischemic/hemorrhagic strokes to investigate and associ-
ate clinical symptoms, including dysarthria, with brain
lesions [17-19, 35-42, 44, 45, 47, 48, 50].

All Subjects with stroke

Out of 909 subjects with ischemic strokes, 29.70%
(n=270) had sustained supratentorial strokes. Infarctions
were located in the motor cortex (7 =20), middle cerebral
artery cortex (n=9), internal capsule (n=18), corona
radiata (n=140), corona radiata and/or internal capsule
(n=43), striatocapsular area (n=38), thalamus (n=1),
and basal ganglia (n=1). The motor cortex involved the
cortical or subcortical motor area [46] and the lower part
of the primary motor cortex [16, 31, 32, 34]. The mid-
dle cerebral artery territory included the motor cortex
and the corona radiata [16, 31]. Internal capsule lesions
included the genu, the posterior limb, and the anterior
limb [16, 31, 32]. Corona radiata lesions were documented
in six studies [16, 31, 32, 37, 45, 46], among which two
specified lesions of the centrum semiovale area [31, 37].
Two articles identified lesions in the corona radiata and/
or internal capsule [43, 44]. The Striatocapsular area
involved lesions in the basal ganglia and the internal cap-
sule [16, 31, 34, 46]. One article specified isolated lesions
in the basal ganglia, specifically in the caudate nucleus
[16]. Finally, hemorrhagic strokes involved the striatocap-
sular area (n=215) and the basal ganglia (n=26).

The remaining 639 subjects (70.30%) sustained infraten-
torial strokes located in the cerebellum (17 =208), midbrain
(n=48), pons (n=230), and medulla oblongata (n=153).
Cerebellar infarctions were detected in nine articles [16,
17, 31, 33-35, 38, 41, 48]. The distribution of the cerebel-
lar infarctions in terms of arterial territories was obtained
from all the articles except for one (n=31) (48). Subjects
with cerebellar infarctions (75.95%, 158/208) had infarc-
tions restricted to one cerebellar territory. The majority
(n=91) had superior cerebellar artery (SCA) infarctions,
64 subjects had posterior cerebellar artery (PICA) infarc-
tions, and three subjects had anterior inferior cerebellar
artery (AICA) infarctions. As for the midbrain region, it
extended rostrocaudally from the region just below the
lower thalamus to the region just above the midbrain-pon-
tine junction [31, 40, 42]. Pontine infarctions were located
at the base of the pons [16, 18, 31, 34, 36, 42, 45, 46, 50];
subjects with tegmental or cerebellar involvement were
not counted as having isolated pontine lesions. Two arti-
cles reported lesions in the medulla oblongata including
lateral, medial, and dorsal medullary regions [19, 47].

Regarding the laterality of lesion, it was described for
1038 subjects, where 448 sustained left-side lesions, 362
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sustained right-side lesions, and 36 sustained bilateral
lesions. 192 subjects were reported to have unilateral
lesions without specifying the side. However, four studies
did not specify laterality data [38, 40, 48, 50].

Subjects with dysarthria post-stroke

The frequency of dysarthria post-stroke was obtained
from isolated brain lesions (Table 3). The relative fre-
quency of dysarthria within studies (n/N) was calculated
for each brain region. Within the sample of 684 subjects
with isolated lesions from ischemic strokes, 420 pre-
sented dysarthria. Of them, 153 sustained supratentorial
infarctions, while 267 had infratentorial infarctions. For
supratentorial brain regions including the motor cortex,
middle cerebral artery cortex, internal capsule, thalamus,
and basal ganglia, the relative frequency of dysarthria
within the included studies was 100% since these studies
were conducted exclusively on subjects with dysarthria.
On the other hand, the relative frequency of dysarthria
in subjects following corona radiata infarctions was 75%.
104 subjects with dysarthria had infarctions located in
the corona radiata, while 20 subjects had motor cortex
infarctions. Regarding infratentorial regions, 142 subjects
with dysarthria had pontine infarctions and 64 had cer-
ebellar infarctions. For subjects with hemorrhagic strokes
in the striatocapsular area or basal ganglia (n=238), 14
presented dysarthria. Figure 2 shows the graphical distri-
bution of the neuroanatomical locations associated with
dysarthria post-stroke in subjects with isolated lesions.
Individual-level data for laterality of lesion in subjects
with dysarthria from isolated lesions were present for 270
subjects. Left-side lesions occurred in 167 subjects, right-
side lesions in 93 subjects, and bilateral in 10.

Eight studies included subjects with pure dysarthria hav-
ing no additional neurological symptoms, with a total of
46 subjects [16, 31, 34, 40, 43—46]. 20 subjects with pure
dysarthria had isolated infarctions. The location of iso-
lated lesions was reported for 19 subjects and was cited
in the corona radiata (n=38; 6 left-sided and 2 unclassified
laterality), the midbrain (n=1, left-sided), and the pons
(n=10, 1 right-sided, and 9 unclassified laterality). On the
other hand, 23 subjects with pure dysarthria had infarc-
tions located in the corona radiata and/or internal capsule
(n=22; 12 left-sided, 2 right-sided, and 8 bilateral) and stri-
atocapsular area (n=1; right-sided). Also, 3 subjects with
pure dysarthria had lesions in the corona radiata and/or
internal capsule combined with pontine infarcts. (Table 3).

Discussion

The current study aimed to identify brain regions asso-
ciated with dysarthria post-stroke. Overall, 24 stroke-
related articles were reviewed in this systematic review
(22 on ischemic strokes and two on hemorrhagic
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strokes). A total number of 1150 subjects with stroke
were assessed. All articles reported individual-level data
for dysarthria frequency according to neuroanatomical
brain lesions, as well as the neuroimaging technique used
to investigate brain lesions. and identified the subjects
who received neuroimaging scans. However, discrep-
ancies in the neuroimaging modality and its scheduling
post-stroke were identified. Similarly, the method and
timing of dysarthria assessment differed across studies.
Also, inconsistencies in the individual-level data for age,
gender, and laterality of lesion were reported, thereby
limiting the possibility of assessing their influence on the
frequency of dysarthria.

According to the included studies, the majority of
supratentorial infarctions were restricted to the corona
radiata (n=104), followed by the motor cortex (n=20),
and the internal capsule (#=18). Isolated brain stem
infarctions were distributed across the pons (n=142),
the midbrain (#=28), and the medulla oblongata
(n=233). When compared with previous findings, extrac-
erebellar lesions causing dysarthria were reported along
the pyramidal tract [31, 32, 51, 52]. The majority of the
pyramidal tract axons originate from the primary motor
cortex [53], with the corticobulbar tract emerging from
the lower part of the precentral gyrus [54]. The corticob-
ulbar tract passes into the corona radiata through the
centrum semiovale to be arranged and compressed into
the internal capsule. They travel through the rostral cap-
sule in the anterior half of the posterior limb, then shift
to the caudal capsule in the posterior half of the poste-
rior limb reaching the brain stem [55, 56]. The proposed
model explains the distribution of brain lesions asso-
ciated with dysarthria since they are generally located
along the pyramidal tract. This is supported by the fact
that the majority of subjects with dysarthria presented
with motor weaknesses or pyramidal signs, as the neural
basis of dysarthria follows the course of the pyramidal
tract. As for subjects with isolated or pure dysarthria, it is
reported that they presented small-sized infarcts mainly
relating to classical lacunar syndromes [31, 44, 46].

Dysarthria due to cerebellar lesions has been frequently
reported after SCA infarctions [16, 17, 31, 33-35, 38, 41].
In isolated cerebellar infarctions restricted to the SCA
territory, dysarthria ranged from 50 to 100% of cases
[16, 17, 31, 33-35, 38, 41]. Barth et al. and Urban et al.
demonstrated that dysarthria occurred after PICA and
AICA infarctions [31, 33, 35]. Similarly, Amarenco et al.
reported that four subjects with dysarthria had AICA
infarctions at autopsy [57]. However, dysarthria associ-
ated with PICA or AICA infarctions was always found
to have brainstem involvement [31, 33, 35, 57] which fre-
quently occurs in cerebellar infarctions due to the shared
vascular system [57-59]. Nonetheless, dysarthria is also
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Table 2 Quality assessment of included studies using the National Institutes of Health (NIH) quality assessment tools

Study Study design Quality assessment score Quality rating
Ackermann et al. [17] Case series 6/9 Fair
Barth et al. [35] Cross-sectional 7/14 Fair
Bassetti et al. [36] Retrospective observational 7/14 Fair
Beckmann et al. [37] Cross-sectional 9/14 Fair
Canbaz et al.[16] Cross-sectional 9/14 Fair
Chung et al. [39] Retrospective observational 8/14 Fair
Erdemoglu and Duman [38] Case series 5/9 Fair
Kase et al. [41] Retrospective observational 7/14 Fair
Kataoka et al. [42] Cross-sectional 10/14 Fair
Kim et al. [49] Retrospective observational 8/14 Fair
Kim [46] Case series 6/9 Fair
Kim [47] Retrospective observational 8/14 Fair
Kim and Kim [40] Cross-sectional 9/14 Fair
Kim et al. [18] Case series 6/9 Fair
Min et al. [48] Case series 6/9 Fair
Okuda et al. [43] Case series 6/9 Fair
Schmahmann et al. [50] Case series 5/9 Fair
Tanaka et al. [44] Retrospective observational 8/14 Fair
Tohgi et al. [45] Cross-sectional 9/14 Fair
Urban etal. [31] Cross-sectional 9/14 Fair
Urban et al. [32] Case series 6/9 Fair
Urban et al. [33] Case series 7/9 Good
Urban et al. [34] Cross-sectional 10/14 Fair
Vuilleumier et al. [19] Case series 6/9 Fair

frequent following brainstem infarctions [16, 18, 19, 31,
34, 36, 40, 42, 45-47, 50], thereby, it is hard to determine
whether dysarthria in subjects with combined lesions is
due to cerebellar infarction, brainstem involvement, or
both.

Information on lesion laterality was available for
64.29% (270/420) of subjects with dysarthria from iso-
lated lesions. The majority (61.85%) had left-sided
lesions, 34.44% had right-sided lesions, and 3.70% had
bilateral lesions. Several studies have stated that dysar-
thria is more frequently caused by left-side lesions [31,
32, 34, 44—46, 49]. Urban et al. reported that 81.5% of
subjects with dysarthria from extracerebellar infarctions
had left-sided lesions, while 18.5% had right-sided lesions
[31]. Another study conducted by Urban et al. demon-
strated that 88.7% of extracerebellar infarctions leading
to dysarthria were located in the left hemisphere and
that dysarthria severity was more expressed in left-side
lesions despite the lesion site [34]. In contrast, Canbaz
et al. reported that 51.9% of extracerebellar infarctions
leading to dysarthria were found to be located in the right
hemisphere [16], whereas Alexander et al. and Wildgru-
ber et al. reported that right-sided lesions do not cause
dysarthria [60, 61]. This difference might be justified by

the lesions of a common descending tract, such as the
corticobulbar fibers reaching the articulatory muscles
[32, 51, 52]. Urban et al. proposed that a lesion of the
corticolingual pathway is crucial to the pathophysiology
of dysarthria from stroke, thus, it is suggested that this
might be related to a more dominant descending pathway
originating from the left motor area [31].

As for isolated cerebellar infarction, the lesion side
responsible for dysarthria is still debatable. In two dif-
ferent studies, Urban et al. reported that dysarthria was
more frequently associated with right-sided cerebel-
lar infarctions [31, 33]. On the other hand, in the study
of Ackermann et al. lesions were equally distributed on
the left and the right side in ten subjects and bilateral in
two [17]. A right-side dominance was proposed by Urban
et al,, but it has not yet been proven [33].

Included studies in this systematic review were
observational studies of cross-sectional, retrospective,
and case series design. The quality assessment revealed
some methodological limitations. Indeed, only five
studies [19, 39, 44, 47, 48] reported the blindness of
investigators to the subjects’ clinical information. Fur-
thermore, most studies used informal clinical assess-
ment of dysarthria, whereas only five [17, 31-34] used
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Table 3 Main findings related to the distribution of brain regions associated with dysarthria post-stroke
Ischemic Stroke Variables Relative frequency of Subjects with dysarthria Subjects with
dysarthria within studies  after lesions in multiple/ dysarthria after
for all subject (n=909) isolated regions (n=577) isolated lesions
(n=420)
Brain region n/N (%) n n
Supratentorial involvement n=270 n=235 n=153
Motor cortex 20/20 (100) 20 20
Middle cerebral artery cortex 9/9 (100) 9 9
Internal capsule 18/18 (100) 18 18
Corona Radiata 105/140 (75) 105 104
Corona radiata and/or internal capsule 43/43 (100) 43 0
Striatocapsular area 38/38 (100) 38 0
Thalamus 1/1 (100) 1 1
Basal ganglia 1/1 (100) 1 1
Infratentorial involvement n=639 n=342 n=267
Cerebellum 96/208 (46.15) 96 64
Midbrain 28/48 (58.33) 28 28
Pons 183/230(79.57) 183 142
Medulla oblongata 35/153(22.88) 35 33
Hemorrhagic stroke Variables Relative frequency of Subjects with dysarthria Subjects with
dysarthria within studies  after lesions in multiple/ dysarthria after
for all subject (n=241) isolated regions (n=17) isolated lesions
(n=14)
Brain region n
Supratentorial involvement n=241 n=17 n=14
Striatocapsular area 3/215 (1.39) 3 0
Basal ganglia 14/26 (53.85) 14 14

Lesions were counted once for each subject; % percentage

standardized assessments but without reporting their
psychometric properties. Despite these methodological
flaws, all studies reported consecutive enrollment and
selection of subjects with stroke, reflecting homoge-
neity of sampling across the studies. Besides, all stud-
ies identified lesions sites and frequency of dysarthria
accordingly. To the best of our knowledge, this is the
first review that systematically synthesized data from
observational studies to describe the neuroanatomi-
cal regions associated with dysarthria post-stroke. This
review contributed to capturing the combined picture
of several individual study results. The findings of this
study will be helpful for the early identification of dys-
arthria post-strokes, especially those localized in brain
regions of the highest risk. Consequently, speech and
language therapy assessments will be conducted earlier
to deliver indications for appropriate intervention in
subjects with stroke.

The current review had several limitations. Although
the search strategy was as comprehensive as possible, it
might have inadvertently missed some relevant papers
and failed to identify the grey literature. In addition, there

were discrepancies in the frequency of dysarthria post-
stroke across the different articles. This may be related to
the absence of consensus for a standardized evaluation
and differences in the timing of dysarthria assessment.
Another factor that might have influenced the results
is the small sample sizes that may restrict the capture
of true frequency. Moreover, individual studies showed
inconsistencies in the reported variables and individual-
level data. Most of the eligible studies did not report
measures of effect size, which hindered the comparison
of results across studies. It is also worth noting that Mid-
dle Eastern countries displayed a clear deficiency in this
research topic, which might be related to limited research
on speech therapy-related topics and lack of data collec-
tion [62].

The findings of the present study generate interesting
questions and future directions for forthcoming stud-
ies. Further research is needed to compare the findings
of this review with parallel bodies of literature identify-
ing the frequency of dysarthria after other diseases of the
central nervous system. Although not the purpose of the
current review, few eligible studies assessed the evolution
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Motor cortex

Thalamus

Neuroanatomical distribution of dysarthria
following ischemic stroke (n=420)
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Fig. 2 Graphical presentation of the neuroanatomical locations associated with dysarthria post-stroke in subjects with isolated lesions

of dysarthria post-stroke. Future work is encouraged to
study the recovery patterns in subjects with strokes while
studying the influence of age, gender, location, and side
of the lesion. In parallel, the neuroanatomical regions
associated with the fast recovery of dysarthria and those
resulting in persistent symptoms may be pinpointed.

Conclusion

The current systematic review of 24 observational
studies suggests that brain lesions associated with dys-
arthria post-stroke were located along the supraten-
torial and infratentorial regions. It is the first step
toward establishing a neuroanatomical model of dys-
arthria throughout the whole brain. Our findings have
many implications for clinical practice and are of high
significance to the field of speech and language ther-
apy and provide a framework for the early detection
of dysarthria post-stroke. Subsequently, speech and
language therapists should be attentive to the neuro-
anatomical regions associated with dysarthria to be
able to conduct earlier screening in subjects with the
highest risk.

Abbreviations

NIH: National Institutes of Health; TBI: Traumatic brain injury; CT: Computed
tomography; MRI: Magnetic resonance imaging; PRISMA: Preferred Report-
ing Items for Systematic reviews and Meta-Analyses; SCA: Superior cerebellar
artery; PICA: Posterior cerebellar artery; AICA: Anterior inferior cerebellar artery.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512883-022-02877-x.

Additional file 1.
Additional file 2.

Acknowledgements
No Acknowledgments.

Authors’ contributions

MS and ZN developed the project idea. MS and ZN designed the study
protocol and performed the literature review. MS and HZ conducted the
searches and retrieved references. HZ and RD screened the retrieved papers
for inclusion. MS and RD extracted the data from eligible studies. MS and

ZN evaluated the methodological quality of the studies. MS, ZN, and HZ
interpreted the findings and drafted the manuscript. SH and IN reviewed and
edited the paper. HH and EE read the final draft. ZN critically reviewed the
manuscript for important intellectual content. All authors read and agreed on
the final version.

Funding
The authors declare that no financial support was received to achieve this
work.

Availability of data and materials
Data are available from the corresponding authors upon reasonable request.

Declarations

Ethics approval and consent to participate
A statement of ethics was not required to conduct this review. The study pro-
tocol was registered on PROSPERO (registration number: CRD42022310796).



https://doi.org/10.1186/s12883-022-02877-x
https://doi.org/10.1186/s12883-022-02877-x

Summaka et al. BMC Neurology (2022) 22:353

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"Doctoral School of Sciences and Technology, Lebanese University, Hadath,
Lebanon. ?Medical Imaging Sciences Program, Division of Health Professions,
Faculty of Health Sciences, American University of Beirut, Beirut, Lebanon.
3Faculty of Medical Sciences, Neuroscience Research Center, Lebanese Uni-
versity, Hadath, Lebanon. *Faculty of Medical Sciences, Lebanese University,
Hadath, Lebanon. >Department of Rehabilitation, Health, Rehabilitation,
Integration and Research Center (HRIR), Beirut, Lebanon. °LBN Univ Montpel-
lier, Montpellier, France.

Received: 29 April 2022 Accepted: 2 September 2022
Published online: 16 September 2022

References

1. Mitchell C, Bowen A, Tyson S, Butterfint Z, Conroy P. Interventions for
dysarthria due to stroke and other adult-acquired, non-progressive brain
injury. Cochrane Database Syst Rev. 2017;1(1):Cd002088.

2. Yorkston KM. Treatment efficacy: dysarthria. J Speech Hear Res.
1996;39(5):546-57.

3. Rumbach AF, Finch E, Stevenson G. What are the usual assessment
practices in adult non-progressive dysarthria rehabilitation? A survey of
Australian dysarthria practice patterns. J Commun Disord. 2019;79:46-57.

4. Sellars C, Hughes T, Langhorne P. Speech and language therapy for dysar-
thria due to non-progressive brain damage. Cochrane Database Syst Rev.
2002(3).

5. Flowers HL, Silver FL, Fang J, Rochon E, Martino R. The incidence, co-
occurrence, and predictors of dysphagia, dysarthria, and aphasia after
first-ever acute ischemic stroke. J Commun Disord. 2013;46(3):238-48.

6. Lawrence ES, Coshall C, Dundas R, Stewart J, Rudd AG, Howard R, et al.
Estimates of the prevalence of acute stroke impairments and disability in
a multiethnic population. Stroke. 2001;32(6):1279-84.

7. Brady MC, Clark AM, Dickson S, Paton G, Barbour RS. The impact of stroke-
related dysarthria on social participation and implications for rehabilita-
tion. Disabil Rehabil. 2011;33(3):178-86.

8. PiacentiniV, Mauri |, Cattaneo D, Gilardone M, Montesano A, Schindler
A. Relationship between quality of life and dysarthria in patients with
multiple sclerosis. Arch Phys Med Rehabil. 2014;95(11):2047-54.

9. Walshe M, Miller N. Living with acquired dysarthria: the speaker’s per-
spective. Disabil Rehabil. 2011;33(3):195-203.

10. Ferrara A. Computed tomography in stroke diagnosis, assessment, and
treatment. Radiol Technol. 2020;91(5):447ct-62ct.

11. Moreau F, Asdaghi N, Modi J, Goyal M, Coutts SB. Magnetic resonance
imaging versus computed tomography in transient ischemic attack and
minor stroke: the more vou see the more you know. Cerebrovasc Dis
Extra. 2013;3(1):130-6.

12. Baumann A, Nebel A, Granert O, Giehl K, Wolff S, Schmidt W, et al.

Neural correlates of hypokinetic dysarthria and mechanisms of effec-
tive voice treatment in Parkinson disease. Neurorehabil Neural Repair.
2018;32(12):1055-66.

13. Kumral E, Celebisoy M, Celebisoy N, Canbaz DH, Calli C. Dysarthria due
to supratentorial and infratentorial ischemic stroke: a diffusion-weighted
imaging study. Cerebrovasc Dis. 2007,23(5-6):331-8.

14. Flowers HL, AlHarbi MA, Mikulis D, Silver FL, Rochon E, Streiner D, et al.
MRI-Based Neuroanatomical Predictors of Dysphagia, Dysarthria, and
Aphasia in Patients with First Acute Ischemic Stroke. Cerebrovasc Dis.
2017;7(1):21-34.

15. Urban PP, Wicht S, Vukurevic G, Fitzek C, Fitzek S, Stoeter P, et al. Dysarthria
in acute ischemic stroke: Lesion topography, clinicoradiologic correlation,
and etiology. Neurology. 2001;56(8):1021-7.

16. Canbaz DH, Celebisoy M, Ozdemirkiran T, Tokucoglu F. Dysarthria in Acute
Ischemic Stroke: Localization and Prognosis. J Neurol Sci. 2010;27(1).

17. Ackermann H, Vogel M, Petersen D, Poremba M. Speech deficits in ischae-
mic cerebellar lesions. J Neurol. 1992;239(4):223-7.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32

33

34.

35.

36.

37.

38.

39.

40.

41

42.

Page 10 of 11

Kim JS, Lee JH, Im JH, Lee MC. Syndromes of pontine base infarction. A
clinical-radiological correlation study. Stroke. 1995;26(6):950-5.
Vuilleumier P, Bogousslavsky J, Regli F, Infarction of the lower brain-
stem. Clinical, aetiological and MRI-topographical correlations. Brain.
1995;118(Pt 4):1013-25.

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD,
et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021;372:n71.

Ma L-L, Wang Y-Y, Yang Z-H, Huang D, Weng H, Zeng X-T. Methodological
quality (risk of bias) assessment tools for primary and secondary medical
studies: what are they and which is better? Mil Med Res. 2020;7(1):7.
Ackermann H, Mathiak K, Riecker A. The contribution of the cerebellum
to speech production and speech perception: Clinical and functional
imaging data. Cerebellum. 2007;6(3):202—-13.

Arboix A, Marti-Vilalta JL, Garcia JH. Clinical study of 227 patients with
lacunar infarcts. Stroke. 1990;21(6):842-7.

Bahia MM, Mouréo LF, Chun RYS. Dysarthria as a predictor of dysphagia
following stroke. NeuroRehabilitation. 2016;38(2):155-62.

Flowers Heather L, AlHarbi Mohammed A, Mikulis D, Silver Frank L,
Rochon E, Streiner D, et al. MRI-Based Neuroanatomical Predictors of
Dysphagia, Dysarthria, and Aphasia in Patients with First Acute Ischemic
Stroke. Cerebrovasc Dis Extra. 2017;7(1):21-34.

Kameda W, Kawanami T, Kurita K, Daimon M, Kayama T, Hosoya T, et al.
Lateral and medial medullary infarction: a comparative analysis of 214
patients. Stroke. 2004,35(3):694-9.

Kumral E, Celebisoy M, Celebisoy N, Canbaz DH, Calli C. Dysarthria due
to supratentorial and infratentorial ischemic stroke: a diffusion-weighted
imaging study. Cerebrovasc Dis. 2007,23(5-6):331-8.

Schoch B, Dimitrova A, Gizewski E, Timmann D. Functional localization in
the human cerebellum based on voxelwise statistical analysis: a study of
90 patients. Neuroimage. 2006;30(1):36-51.

Zurcher E, Richoz B, Faouzi M, Michel P. Differences in ischemic anterior
and posterior circulation strokes: a clinico-radiological and outcome
analysis. J Stroke Cerebrovasc Dis. 2019;28(3):710-8.

Urban PP. Speech motor deficits in cerebellar infarctions. Brain Lang.
2013;127(3):323-6.

Urban P, Wicht S, Vukurevic G, Fitzek C, Fitzek S, Stoeter P, et al. Dysarthria
in acute ischemic stroke: lesion topography, clinicoradiologic correlation,
and etiology. Neurology. 2001;56(8):1021-7.

Urban PP, Hopf HC, Fleischer S, Zorowka PG, Muller-Forell W. Impaired
cortico-bulbar tract function in dysarthria due to hemispheric stroke.
Functional testing using transcranial magnetic stimulation. Brain.
1997;120(6):1077-84.

Urban PP, Marx J, Hunsche S, Gawehn J, Vucurevic G, Wicht S, et al. Cer-
ebellar speech representation: lesion topography in dysarthria as derived
from cerebellar ischemia and functional magnetic resonance imaging.
Arch Neurol. 2003;60(7):965-72.

Urban PP, Rolke R, Wicht S, Keilmann A, Stoeter P, Hopf HC, et al.
Left-hemispheric dominance for articulation: A prospective study on
acute ischaemic dysarthria at different localizations. Brain : J Neurol.
2006;129(3):767-77.

Barth A, Bogousslavsky J, Regli F. The clinical and topographic spectrum
of cerebellar infarcts: a clinical—magnetic resonance imaging correlation
study. Ann Neurol. 1993;33(5):451-6.

Bassetti C, Bogousslavsky J, Barth A, Regli F. Isolated infarcts of the pons.
Neurology. 1996;46(1):165-75.

Beckmann YY, Durakli M, Secil Y, Celebisoy M, Basoglu M. Clinical and
radiologic correlations of small and large centrum ovale infarcts. J Stroke
Cerebrovasc Dis. 2010;19(3):220-4.

Erdemoglu A, Duman T. Superior cerebellar artery territory stroke. Acta
Neurol Scand. 1998,98(4):283-7.

Chung C-S, Caplan LR, Yamamoto Y, Chang HM, Lee S-J, Song H-J, et al.
Striatocapsular haemorrhage. Brain. 2000;123(9):1850-62.

Kim JS, Kim J. Pure midbrain infarction: clinical, radiologic, and patho-
physiologic findings. Neurology. 2005;64(7):1227-32.

Kase C, Norrving B, Levine S, Babikian V, Chodosh E, Wolf P, Cerebellar
infarction, et al. Clinical and anatomic observations in 66 cases. Stroke.
1993,24(1):76-83.

Kataoka S, Hori A, Shirakawa T, Hirose G. Paramedian pontine infarction.
Stroke. 1997;28(4):.809-15.



Summaka et al. BMC Neurology

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.
54.

55.

56.

57

58.

59.

60.

61.

62.

(2022) 22:353

Okuda B, Kawabata K, Tachibana H, Sugita M. Cerebral blood flow

in pure dysarthria: role of frontal cortical hypoperfusion. Stroke.
1999;30(1):109-13.

Tanaka K, Yamada T, Torii T, Yoshimura T, Takase K-I, Togao O, et al. Pure
dysarthria and dysarthria-facial paresis syndrome due to internal capsule
and/or corona radiata infarction. BMC Neurol. 2015;15(1):1-5.

Tohgi H, Takahashi S, Takahashi H, Tamura K, Yonezawa H. The side and
somatotopical location of single small infarcts in the corona radiata and
pontine base in relation to contralateral limb paresis and dysarthria. Eur
Neurol. 1996;36(6):338-42.

Kim JS. Pure dysarthria, isolated facial paresis, or dysarthria-facial paresis
syndrome. Stroke. 1994;25(10):1994-8.

Kim JS. Pure lateral medullary infarction: clinical-radiological correlation
of 130 acute, consecutive patients. Brain. 2003;126(8):1864-72.

Min WK, KimYS, Kim JY, Park SP, Suh CK. Atherothrombotic cerebel-

lar infarction: vascular lesion—MRI correlation of 31 cases. Stroke.
1999;30(11):2376-81.

Kim DH, Kyeong S, Ahn SJ, Park YG. The pulvinar nucleus is associated
with the presence of dysarthria in patients with basal ganglia hemor-
rhage. Neurosci Lett. 2017;655:131-6.

Schmahmann JD, Ko R, MacMore J. The human basis pontis: motor
syndromes and topographic organization. Brain. 2004;127(6):1269-91.

. Urban PP, Hopf HC, Zorowka PG, Fleischer S, Andreas J. Dysarthria and

lacunar stroke. Neurology. 1996;47(5):1135.

Urban PP, Wicht S, Hopf HC, Fleischer S, Nickel O. Isolated dysarthria due
to extracerebellar lacunar stroke: a central monoparesis of the tongue. J
Neurol Neurosurg Psychiatry. 1999;66(4):495-501.

Davidoff MDRA. The pyramidal tract. Neurology. 1990;40(2):332.
Penfield W, Boldrey E. Somatic motor and sensory representation in the

cerebral cortex of man as studied by electrical stimulation. Brain: J Neurol.

1937;60:389-443.

Kretschmann H-J. Localisation of the corticospinal fibres in the internal
capsule in man. J Anat. 1988;160:219.

Ross E. Localization of the pyramidal tract in the internal capsule by
whole braln dissection. Neurology. 1980,30:59-64.

Amarenco P, Hauw JJ. Cerebellar infarction in the territory of the anterior
and inferior cerebellar artery. A clinicopathological study of 20 cases.
Brain. 1990;113(Pt 1):139-55.

Amarenco P, Hauw JJ. Cerebellar infarction in the territory of the superior
cerebellar artery: a clinicopathologic study of 33 cases. Neurology.
1990;40(9):1383-90.

Chaves CJ, Caplan LR, Chung CS, Tapia J, Amarenco P, Teal P, et al. Cerebel-
lar infarcts in the New England Medical Center Posterior Circulation
Stroke Registry. Neurology. 1994;44(8):1385-90.

Alexander MP, Benson DF, Stuss DT. Frontal lobes and language. Brain
Lang. 1989;37(4):656-91.

Wildgruber D, Ackermann H, Klose U, Kardatzki B, Grodd W. Functional
lateralization of speech production at primary motor cortex: a fMRI study.
NeuroReport. 1996;7(15-17):2791-5.

Summaka M, Harati H, Hannoun S, Zein H, Koubaisy N, Fares Y, et al.
Assessment of non-progressive dysarthria: practice and attitude of
speech and language therapists in Lebanon. BMC Neurol. 2021;21(1):450.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Neuroanatomical regions associated with non-progressive dysarthria post-stroke: a systematic review
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Protocol and registration
	Information sources and search strategy
	Eligibility criteria
	Selection and data collection process
	Synthesis methods
	Methodological quality assessment

	Results
	Study selection
	Study characteristics
	Quality assessment
	Neuroanatomical regions of interest
	All Subjects with stroke
	Subjects with dysarthria post-stroke

	Discussion
	Conclusion
	Acknowledgements
	References


