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Abstract: Language processing impairments across different dimensions result in deficits of informa-
tional content, syntactic complexity, and morphological well-formedness of sentences produced by
people with aphasia (PWA). Deficits in language processing affect linguistic skills of bi/multilingual
PWA in all languages that they have acquired prior to aphasia. However, the impairments of dual
or multiple languages in aphasia may not necessarily be parallel. One language may be more pre-
served than another and be recovered at different paces, including sentence production abilities. This
scoping review aims to compare syntactic characteristics and errors demonstrated by bi/multilingual
PWAs between their acquired languages and to explore the nature of bilingual impairments in
primary progressive aphasia (PPA). We conducted an online search on three databases (MEDLINE,
SciVerse Scopus, and Taylor and Francis publications) for original studies on sentence production
of bi/multilingual aphasia that were published between 1991 and 2021 using keywords related to
“bilingualism”, “aphasia”, and “speech production”. Based on the titles, abstracts, and full-text
screenings, 13 studies were found to have met our inclusion criteria. A qualitative synthesis of the ac-
cumulated evidence was conducted following the PRISMA guidelines. Collectively, past researchers
reported dominance in L1 with higher occurrences of linguistic errors in L2 among participants
with sudden onset aphasia. In PPA, language impairments were found to be comparable between
L1 and L2, which may indicate parallel deterioration. It is noted that this review is not exhaustive
and many of the reviewed studies were based on single case studies. This review also highlighted
an urgent need for investigation into multilingual PPA to fully comprehend the nature of sentence
production impairment.

Keywords: sentence production; grammar; bilingual; multilingual; aphasia

1. Introduction
1.1. Sentence Production in People with Aphasia

Aphasia is a disorder caused by brain damage that results in impaired processing
of language input and output in various forms, including auditory–verbal, textual, and
sign language (Hallowell 2023). Damage to language-related parts of the brain affects
language processing in many ways, such as the ability to combine content, the complexity
of syntactic structures, the use of grammatical rules, the formation of morphological units,
and the rate of language production (Wilshire et al. 2014). People with aphasia (PWA)
experience a variety of language difficulties, including sentence production deficits (SPD),
also known as agrammatism. Agrammatism refers to the difficulty to produce complete or
correctly constructed sentences (Poirier et al. 2021). This condition is marked by poor and
halted connected speech, deletion or substitution of grammatical morphemes and verbs,
diminished fluency, impaired sentence repetition, and difficulties with naming, reading, and
writing. Oral comprehension of phrases and sentences with meanings that are dependent
on grammar can also be impaired. In agrammatism, sentences produced by PWA are
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reduced in both length and grammatical complexity (Ardila 2014). In the monolingual
aphasia literature, SPD was reported to occur not only in PWA who experienced sudden
brain insults, but was also demonstrated by individuals experiencing progressive language
impairments, known as primary progressive aphasia (PPA). PPA is a neurodegenerative
disorder where language functions continue to decline over time without any significant
impairments in other cognitive domains (Hallowell 2023). In PPA, language abilities
are significantly impaired despite the preservation of non-linguistic cognitive abilities
(Hallowell 2023). Due to the progressive death of brain cells, language impairment worsens
over time in PPA. Even though the pathophysiological nature of sudden-onset aphasia and
PPA differ, similar aphasia symptoms are observed (Grossman and Irwin 2018). People
with a non-fluent variant of PPA (nvPPA) and those with sudden-onset Broca’s aphasia, for
instance, exhibit slowed, labored speech with grammatical deficits in sentence production.
These similarities may be the result of brain damage occurring at the same anatomical sites
(Grossman and Irwin 2018).

Sentence production is the process of stringing together words in accordance with
the grammatical order of a language in order to convey meaning. Bresnan (2001) defined
argument structure as lexical information about the number of arguments, their syntactic
type, and their hierarchical organization that is required for the mapping to syntactic
structure. Thompson (2019) found that monolingual PWA with chronic agrammatism had
difficulties producing complex syntactic structures in their sentences. In particular, PWA
have poor abilities in processing noncanonical sentences compared to canonical forms
(Garraffa and Grillo 2008; Hanne et al. 2015; Townsend and Bever 2001). Based on the Trace
Deletion Hypothesis (see Grodzinsky 1990, 2000), PWA tend to assign the thematic role
to the first noun phrase encountered in a sentence, which results in judgment errors in
processing noncanonical sentences. Grodzinsky (1990, 2000) suggested that PWA use the
extralinguistic heuristic only after they have finished processing a sentence.

Lexical–semantic components play a crucial role in establishing syntactic structures in
language production. Impairment of lexical–semantic access may result in word retrieval
difficulties and affect the constructions of sentences (Caramazza and Hillis 1991; Kamba-
naros 2009; Dragoy and Bastiaanse 2010). The two most basic lexical–semantic categories
comprise nouns and verbs. Other categories include modifiers, such as adjectives, prepo-
sitions, and questions. Concrete nouns consist of multiple hierarchical levels. Different
nouns may share similar semantic properties. In contrast, verbs have a shallower semantic
structure and fewer shared semantic features (Vinson and Vigliocco 2002); however, verbs
govern the argument and syntactic structure of a sentence. Verbs play a central role in
determining the argument structure of a sentence by encoding who performs an action
and who is affected by it (i.e., who does what to whom). However, verbs are more difficult
to retrieve because of lower imageability and frequency than nouns. In addition, they are
more vulnerable to impairment following brain damage, where difficulties specifying the
thematic role of sentences among PWA frequently co-occur with impaired verb processing
(Whitworth et al. 2015). According to the Argument Structure Complexity Hypothesis,
verbs with a higher argument structure complexity (i.e., a greater number of arguments
or noncanonical thematic mapping) are more difficult to be produced by PWA (Heinzova
et al. 2022; Lee and Thompson 2004).

1.2. Language Production in Bilingual PWA

Language processing is also affected in PWA who are bilingual. Kambanaros (2016)
highlighted that bilingual aphasia allows researchers to determine whether linguistic and
grammatical distinctions, such as those between verbs and nouns, are language specific.
Studies on bilingual aphasia may also provide insights into the neural network involved in
language processing when two different languages are involved. For example, differences
in verb and noun processing in two or more languages may indicate whether dual or
multiple language processing occurs in similar cortical and subcortical brain regions (Green
2003). However, Kambanaros (2016) reported that only a few studies have involved the
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bilingual and/or multilingual population with aphasia (see Hernández et al. 2007, 2008;
Kambanaros and van Steenbrugge 2006; Kambanaros 2009; Faroqi-Shah and Waked 2010).
Heinzova et al. (2022) hypothesized that the complexity of argument structure may vary by
language type and predicted different results for English/Spanish versus Basque. In their
study, results showed that a person who speaks both Spanish and English makes the same
number of errors in both languages as predicted by the ASCH. However, a participant
who speaks Spanish and Basque does not match either the ASCH or their predictions. The
study concluded that argument processing costs might depend not only on the number of
arguments and the canonicity of thematic mapping but also on language types, language
pairs, and post-onset proficiency in bilingual PWA, as well as on individual differences.

Deficits in different languages may not always occur to the same extent, nor do
languages recover to the same degree. Paradis (2004) suggested six different recovery
patterns, namely, parallel recovery, differential recovery, antagonistic recovery, alternating
antagonism, blended recovery, and selective and successive recovery (Table 1).

Table 1. Recovery patterns of languages among bilingual PWA. Adapted from Paradis (2001).

Recovery Pattern Definition

Parallel recovery The dominant language prior to aphasia continues to be
superior to other languages.

Differential recovery The less dominant premorbid language recovered better
than the dominant language.

Antagonistic recovery The dominant premorbid language disappears as the
less dominant language improves.

Alternating antagonism Language dominance alternates between languages
throughout the course of recovery.

Blended recovery Lack of language dominance; two or more languages are
used interchangeably.

Selective and successive recovery Recovery of one language is followed by another
language(s).

In a recent review, Kuzmina et al. (2019) reported that language abilities of bilingual
PWA are better preserved in the dominant language (L1) when the less dominant language
(L2) was acquired after seven years old. When L2 was acquired before seven years old,
language abilities of L1 and L2 were reported to be comparable. The effects of age of L2
acquisition were found mildly moderated by the proficiency and frequency of usage of
L2 prior to aphasia (Kuzmina et al. 2019). Although the nature of language impairments
and recovery in monolingual and bilingual aphasia may differ, we have not discovered a
review on sentence production abilities in bilingual or multilingual aphasia. Past reviews
on bilingual aphasia highlighted aspects of aphasia recovery, assessment, and treatment
(Lorenzen and Murray 2008) and methods for eliciting sentence production in PWA (Mehri
and Jalaie 2014).

The current review aims to address the following research question: “What is the
nature of sentence production impairments in bilingual aphasia?” This review explores
and compares aspects of sentences produced by bilingual and multilingual PWA in two or
more languages that they have acquired, as reported in published studies. In addition, this
review aims to compare sentence production abilities in sudden onset versus progressive
bi/multilingual aphasia. An appreciation of the pattern and features of sentence production
in bilingual aphasia may shed some light on dual or multiple language processing, which
is fundamental for developing an accurate theory and models of bilingualism (Heinzova
et al. 2022).
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2. Materials and Methods
2.1. Searching Strategy and Citation Management

A priori protocol was established based on a scoping review guideline—PRISMA
Extension for Scoping Reviews (PRISMA-Scr; Tricco et al. 2018) and a guideline by Levac
et al. (2010). Our initial search was conducted on three electronic databases: MEDLINE,
SciVerse Scopus, and Taylor and Francis. These databases cover a broad range of disciplines
within the field of health sciences, specifically aphasia. The search was limited to articles
written in English and published between 1990 and 2021. The search consisted of keywords
relevant to bilingualism, aphasia, and verbal production. The Boolean phrases used
were: ((((((((bilingualism) OR (bilingual)) OR (multilingual)) OR (multilingualism)) OR
(trilingual)) OR (trilingualism)) OR (dual language)) AND (((aphasia[MeSH Terms]) OR
(agrammatic)) OR (agrammatism))) AND ((((sentence) OR (syntactic)) OR (syntax)) OR
(word order). All citations were imported into a Mendeley bibliographic manager, which
automatically removed duplicated citations. Prior to the screening process, additional
duplicates were manually identified and removed.

2.2. Screening Procedures and Evidence Synthesis

The articles were initially screened based on their titles and abstracts, followed by a
full-text screening based on the eligibility criteria in Table 2.

Table 2. Inclusion and exclusion criteria for articles screening.

Inclusion Criteria Exclusion Criteria

1. Studies that included participants with sudden onset or primary
progressive aphasia.

2. Studies that included PWA who used more than one language
prior to aphasia.

3. Studies that included investigation of sentence production
abilities of bi/multilingual PWA.

1. Studies that focused on aphasia in the pediatric
population.

2. Articles that did not report on an original study.
3. Reports of studies that did not include analyses of

sentence production.

For the initial screening, all titles and abstracts were reviewed by two of the authors
independently. The authors exhibited 15% disagreement at this stage, which was then
resolved through a discussion based on this review’s objectives. Upon agreement between
the authors, articles were selected for full-text screening. Articles without available abstracts
were also included in the full-text screening process. The full-text screening was conducted
by the first author and was also based on the inclusionary and exclusionary criteria. The
number of articles that were included and excluded during the screening and review
processes is shown in Figure 1.

During the full-text screening, articles that did not meet the inclusionary and exclu-
sionary criteria were further excluded. For articles that met our criteria, specific information
was collated from each selected article, including the year of publication, study objectives,
study design, participants’ background, materials and procedures, and study limitations.
The second author reviewed collated information from full-text reviews. Similar to the ini-
tial screening phase, discrepancies between the authors were resolved through discussions
and consensus. The accumulated evidence was synthesized qualitatively to determine
the patterns of sentence production and production errors for L1 and L2 of PWA in the
reviewed studies.
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3. Results

In this review, 14 articles were assessed in detail (Table 3). Among the included studies,
10 articles described single case studies, while the rest involved between-group (control
versus PWA) and within-group PWA comparisons. Ten articles on participants with sudden
onset aphasia reported a range of onset duration between two months and 17 years. Four
articles reported on single cases of PPA with an onset ranging between 2 years and 6 years.
We found studies focused on the use of verbs and adverbs in sentences (n = 4), word order
(n = 3), language priming/mixing (n = 5), and fluency and grammatical qualities (n = 3).



Languages 2023, 8, 72 6 of 18

Table 3. Language Production among PWA: Comparison between L1 and L2.

No. Authors Study Design Languages
Brain Injury

(Duration from
Onset)

Objective Study Findings Sentence Production
Abilities Author’s Conclusion

1. Sang (2015) Between-group
comparison (PWA: 6;
non-PWA: 6)

L1: native African
dialects;
L2: English and
Kiswahili

No report on
location of brain
injury. Agrammatic
fluent aphasia
(Range = 1–17 years)

To describe verb
production in
Kiswahili-English
bilingual speakers
with and without
aphasia.

• Agrammatic
speakers produce
utterances with
shorter MLU and
simpler sentence
structure.

• However, in
Kiswahili language,
agrammatics
surprisingly
produces longer
MLU than controls.

• It was observed that
agrammatics used
more transitive verbs
than intransitives.

• Both groups
produced longer
utterances in English
than in Kiswahili, but
more verbs in
Kiswahili than
English.

• PWA produced
longer utterances
than control in both
L2 due to
circumlocution, but
used fewer lexical
verbs and auxiliaries,
and showed more
variations of
inflectional errors.

• PWA produced more
verbs with one
internal argument
(transitive verbs) in
L2 languages than
those without
internal arguments
(intransitive verbs)
and rarely produced
verbs with two
internal arguments
(ditransitive verbs)

• Spontaneous
production of PWA
consisted of more
lexical content in
English compared
with Kiswahili, and
circumlocution was
more evident in
Kiswahili.

MLU and sentences
produced in Kiswahili
were better than
English, in terms of
notably longer
utterances with more
use of transitive verbs
than intransitive verbs
despite both languages
serving as participants’
L2. Participants were
trilingual and not
tested in their primary
language.
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Table 3. Cont.

No. Authors Study Design Languages
Brain Injury

(Duration from
Onset)

Objective Study Findings Sentence Production
Abilities Author’s Conclusion

2. Bastiaanse (2013);
refer Abuom and
Bastiaanse (2013) for
bilingual PWA
performance.

Between- and
within-participant
comparison:
bilingual
Swahili-English
PWA (n = 13),
healthy
English-speaking
adults (n = 10),
English-speaking
PWA (n = 12),
Turkish-speaking
PWA (n = 8),
Dutch-speaking
PWA (n = 16),
Chinese-speaking
PWA (n = 17),
Indonesian-
speaking PWA
(n = 7)

L1: Swahili; L2
(education): English;
L2 (informal
communication):

Agrammatic aphasia
(Average age onset:
7.8 years)

To examine verb
inflection and
aspectual adverbs
across several
languages (Swahili,
Kenyan English,
Indonesian, Chinese)
and demonstrate
support for [PAst
Discourse Linking
Hypothesis]
(PADILIH)

• Agrammatism
related to time
reference conditions
are comparable in
different languages
in bilingual aphasia.

• Impairments in
different L2 may
vary.

• Participants showed
significantly
impaired reference to
the past. For Kenyan
participants,
omission of past
tense morphemes
and substitutions of
past conditions with
present conditions
were evident in
English and Swahili.
Performance in
Swahili was
significantly better
than English.

Swahili was better than
English for references
to the past. Patterns of
impairment in English
among Kenyan was
similar to the native
speaker of American
English, where both
substitution and
omission occur.

3. Verreyt et al. (2013) Between-group
comparison (PWA: 6;
control: 19)

L1: Dutch; L2:
French

3 amnestic aphasia, 2
Wernicke aphasia
and 1 Broca aphasia

To examine
cross-lingual
syntactic priming
effects and its
relationship with
language
impairments in
bilingual aphasia

• Stronger
within-language
priming (L1-L1,
L2-L2) than
between-language for
control group and
participants with
parallel aphasia.

• Participants with
differential aphasia
showed strong
cross-lingual
priming.

• More passive
sentences were
produced following a
passive prime than
an active prime in
both groups and
languages. Control
participants and
participants with
parallel bilingual
aphasia showed
stronger priming
effects from L2, while
participants with
differential bilingual
aphasia showed
stronger priming
effects from L1.

Strong syntactic
priming from L2
suggests that the more
impaired language is
not lost and still able to
influence L1.
Syntactically more
complex sentence in L2
was generalized to
syntactically less
complex sentences in
L1.
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Table 3. Cont.

No. Authors Study Design Languages
Brain Injury

(Duration from
Onset)

Objective Study Findings Sentence Production
Abilities Author’s Conclusion

4. Goral et al. (2019) Within-participant
comparison (n = 11)

L1: Japanese, L2:
English (n = 1); L1:
Hebrew, L2: English
(n = 1) L1: Portugese,
L2: English (n = 1);
L1: Dutch, L2:
Spanish (n = 1); L1:
English, L2:
Norwegian (n = 1);
L1: Spanish, L2:
English (n = 6)

Stroke (57.7 months) To examine the
underlying
communicative
strategy related to
language mixing
behaviour in
multilingual people
with aphasia.

• Language mixing in
aphasia is associated
with degree of word
retrieval difficulty.

• Participants showed
parallel language
impairment (n = 2)
and unparallel
language impairment
(n = 9). For those
with unparallel
bilingual aphasia,
amount of
production was
similar in both
languages. There was
individual variation
in the frequency of
language mixing.
Participants with
severe word-finding
difficulties showed
greater frequency of
language mixing.

There was a greater
language mixing when
participant was tested
in their less dominant
language (L2).
Participants switched
to their dominant
language (L1) when
producing sentences in
L2.
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Table 3. Cont.

No. Authors Study Design Languages
Brain Injury

(Duration from
Onset)

Objective Study Findings Sentence Production
Abilities Author’s Conclusion

5. Alexiadou and
Stavrakaki (2006)

Case study (n = 1) L1: Greek; L2:
English

Left parietal stroke
(30 months)

To examine the use
of adverbs in Greek
and English.

• Adverbs in both
languages were
performed better in
comprehension than
the production task.

• Performance is
affected by a
syntactic discrepancy
for verb movement
exhibited in English
but not in Greek.

• Primarily at
two-word level with
occasional
three-word
utterances.

• Simplified
grammatical
constructions.
Substituted
morphemes in L1

• Omitted morphemes
in L2

• Comparable L1 and
L2′s grammaticality
judgment of adverbs
and word ordering
for sentences with
VP-related adverbs

• Used MoodP, NegP,
and AspectP-related
adverbs more
accurately in L1 than
L2

Sentence production in
L1 (Greek) was better
than L2 (English)
because of
parameterization of
verb movement that
was enforced by the
specific properties of
both languages.
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Table 3. Cont.

No. Authors Study Design Languages
Brain Injury

(Duration from
Onset)

Objective Study Findings Sentence Production
Abilities Author’s Conclusion

6. Adrover-Roig et al.
(2011)

Case study (n = 1) L1: Basque; L2:
Spanish

Left basal ganglia
hematoma (8
months)

To examine the
significant attrition
of L1 following
damage to the left
basal ganglia in a
Basque–Spanish
bilingual bilingual
PWA.

• Cross linguistics
dissociation at
different levels of
language processing.

• L1 was more
impaired and L2 had
better recovery, for
verbal–phonological
fluency and
translation task.

• Tendency to speak in
L1 during
spontaneous speech
despite tachylalia
and reduced
intelligibility

• Improved
intelligibility in L1 by
reducing speech rate.

• Demonstrated
paraphasia, paralexia,
paragraphia, and
perseveration in L2

• Translations to L2
were relatively better
preserved compared
to L1

Translations to L2
(Spanish) were
relatively better
preserved compared to
L1 (Basque).
Performance in L2 was
better due to greater
impairment of implicit
memory function
(controlled by
subcortical structures)
compared to explicit
memory (controlled by
cortical structures).

7. Kong and Weekes
(2011)

Case study (n = 1) L1: Cantonese-
Putonghua, L2:
English

Fronto-tempero-
parietal in left
hemisphere stroke (3
years)

To examine the use
of the Bilingual
Aphasia Test (BAT)
with a Cantonese–
Putonghua
speaker.

• The Cantonese-
Putonghua version of
the BAT contains
language subtests
that are essential to
quantify the
characteristics and
severity of aphasia in
Chinese speakers.

• There was
significantly more
content (words, verbs
and pronouns per
utterance) in
language production
of L1 than L2.

• Approximately 12%
of utterances contain
language switching
from Cantonese–
Putonghua to
English.

More content (words,
verbs and pronouns
per utterance) in
language production
of L1 than L2.
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Table 3. Cont.

No. Authors Study Design Languages
Brain Injury

(Duration from
Onset)

Objective Study Findings Sentence Production
Abilities Author’s Conclusion

8. Imaezue et al. (2017) Case study (n = 1) L1: Yoruba; L2:
English

Minor stroke
(2 months)

To examine sentence
production deficits
in Yoruba–English
bilingual aphasia.

• Language acquired is
more susceptible to
impairment than
native language.

• There was no
impairment of word
order or constituent
elements for all
sentence structure in
Yoruba.

• The SVO order of
English sentences
was preserved. More
syntactic deficits
characterized with
verb deletions were
observed in the L2
than L1.

More syntactic deficits
characterized with
verb deletions were
observed in the L2
than L1.

9. Lerman et al. (2019) Case study (n = 1) L1: Hebrew; L2:
English

Left frontoparietal
stroke

To examine the
underlying
relationship between
language mixing
behaviour and
lexical retrieval
difficulty.

• Greater language
mixing observed in
more difficult lexical
retrieval as a strategy
to maximize
communication
among PWA.

• Less proficient in L2
• Greater frequency of

language mixing for
more difficult lexical
items, especially for
L2, verbs (than
nouns), function
words (than content
words), and
single-word naming
(compared to
retrieval in the
context of connected
speech tasks).

• Participant almost
never retrieves verbs
in L2 when the tested
language is L1.

Language retrieval is
better in L1 than the L2.
Difficulties in
retrieving hard words
may result in fewer
content words in
connected speech
compared to
single-word naming
tasks.
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Table 3. Cont.

No. Authors Study Design Languages
Brain Injury

(Duration from
Onset)

Objective Study Findings Sentence Production
Abilities Author’s Conclusion

10. Druks and Weekes
(2013)

Case study (n = 1) L1: Hungarian; L2:
English

Primary progressive
aphasia (5 years)

To test Green’s (2003)
convergence
hypothesis: Parallel
deterioration of
lexical and
grammatical
processing in
neurodegenerative
disease.

• Syntatic
comprehension of
both languages
deteriorated in
parallel, thus,
supporting the
convergence
hypothesis.

• For L2, exposure and
familiarity were
found to not provide
better preservation
for grammatical
knowledge and
lexical retrieval
ability following
brain damage.

• Participant showed
parallel deterioration
for error between L1
and L2 with lesser
error in nominal than
verbal inflections in
Hungarian and in
English with free
word order.

Explicit memory plays
an important role in L2
processing when L2 is
acquired later in life.
Case inflections may
be preserved because
of high informational
value indicating the
agent and the patient.

11. Zanini et al. (2011) Case study (n = 1) L1: Frulian; L2:
Italian

Primary progressive
aphasia (2 years)

To describe clinical
profile of primary
progressive aphasia
in a bilingual person.

• Some linguistic
components that
depend on implicit
memory, such as
phonology,
morphology, and
grammaticality were
more impaired in L1,
while being
preserved in L2.

• Comparable
language complexity,
fluency, and
lexical–semantic
parameters between
languages.

• More phonemic
paraphasia and
morphological and
syntactic errors in L2.

• Omitted free
grammatical
morphemes and
substituted bound
morphemes more
frequently in L2.

The language that was
acquired later (L2)
tended to be more
impaired in PPA
compared to the
language acquired
earlier (L1).
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Table 3. Cont.

No. Authors Study Design Languages
Brain Injury

(Duration from
Onset)

Objective Study Findings Sentence Production
Abilities Author’s Conclusion

12. Filley et al. (2006) Case study (n = 1) L1:
Shanghai-Chinese;
L2: English

Primary progressive
aphasia (6 years)

To describe a
Chinese- (Shanghai
dialect) and
English-speaking
woman with anomia
that then progressed
to aphasia with mild
left temporoparietal
hypometabolism

• Participant’s
performance in L1
and L2 is comparable
except for several
contexts, such as
repetition,
conversation, and
naming, which were
better in L2.

• Fluent production in
both languages with
word-finding pauses,
occasional
articulatory
awkwardness, and
broken off phrases
that disturbed the
prosody in a picture
description task.

L1 and L2 are
comparable except for
repetition,
conversation, and
naming, which were
better in L2—the
language more recently
used after aphasia
onset.

13. Machado et al. (2010) Case study (n = 1) L1: Portuguese; L2:
French

Primary progressive
aphasia (3 years)
decreased
metabolism at left
temporal lobe

To describe
unparallel second
language
impairments in
primary progressive
aphasia.

• Both languages were
affected in parallel,
with the most
recently used
language (English)
being slightly better
preserved.

• Greater loss notably
in idioms for the
less-used language
(Portuguese).

• Verbal production
was laborious,
effortful, nonfluent,
with agrammatism,
word finding pauses,
and use of “it” and
“that”.

• Able to read and
write in L2 but
cannot utter the
words in L1.

Bilingual impairments
in primary progressive
aphasia are more
influenced by how
recent the certain
language was used
compared to the order
of language
acquisition.
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Overall, PWA produced simplified sentences with some morpheme substitutions and
omissions, such as morphemes that indicate past tense and free grammatical morphemes
(e.g., Alexiadou and Stavrakaki 2006; Bastiaanse 2013; Imaezue et al. 2017; Machado et al.
2010). Participants with sudden onset aphasia were reported to struggle with applying
grammatical structures and using correct word order (Alexiadou and Stavrakaki 2006;
Bastiaanse 2013; Sang 2015; Lerman et al. 2019; Imaezue et al. 2017). In a few studies, PWA
demonstrated deficits in verb retrieval, verb inflection, and use of transitive and ditransitive
verbs (Imaezue et al. 2017; Lerman et al. 2019). In other studies, the authors reported a lack
of congruence in subject–verb agreements, occurrences of subject deletions, and erroneous
use of prepositions in PWAs’ sentences (Sang 2015).

Some impairments in sudden onset aphasia and in PPA were found to be similar.
Three out of four cases of PPA reported deficits in grammatical structure, word order, and
verb production in sentences (Druks and Weekes 2013; Machado et al. 2010; Zanini et al.
2011). In addition, PPA studies reported non-fluent, laborious, and effortful speech with
word-finding pauses, broken-off phrases, and interjections of unspecified words in PWAs’
production, such as “it” and “that” (Filley et al. 2006; Machado et al. 2010).

Based on comparisons of L1 versus L2, several studies reported that language impair-
ments were more evident in L2, and L1 was reported to be more preserved (Adrover-Roig
et al. 2011; Alexiadou and Stavrakaki 2006; Imaezue et al. 2017; Kong and Weekes 2011;
Lerman et al. 2019; Zanini et al. 2011). Other studies found that syntactic impairments
were comparable between languages (Druks and Weekes 2013; Filley et al. 2006; Goral
et al. 2019). A few studies demonstrated that language mixing was prominent among
bilingual PWA when producing sentences (Adrover-Roig et al. 2011; Goral et al. 2019; Kong
and Weekes 2011). In two studies, the authors highlighted that the patterns of language
impairments in L1 and L2 may differ where certain impairments may be more prominent in
one language, while other types of impairments were demonstrated more often in another
language (Alexiadou and Stavrakaki 2006; Goral et al. 2019). Additionally, Verreyt et al.
(2013) demonstrated preserved priming effects between languages in their study.

Looking at the PPA case studies (Study 11–14 in the Table 3), Filley et al. (2006) and
Machado et al. (2010) reported similar results where the functioning of a language that
was more recently and frequently used was better regardless of the order of language
acquisition. A similar report was found in Zanini et al. (2011) as an L2 that was greatly
impaired was used less frequently by the participant. However, in the case of PPA according
to Druks and Weekes (2013), both languages deteriorated in a similar way, even though
L2 was used as a dominant language in the participant’s adult life. Interestingly, one key
difference in Druks and Weekes (2013) study was the age when the second language was
acquired. That participant acquired the second language significantly later compared to
participants of other PPA case studies.

4. Discussion

In this review, the language production of bilingual PWA with either sudden onset
aphasia or PPA was explored, specifically with regards to their sentence production. The
bilingual PWA demonstrated comparable features of agrammatism, such as errors in
grammatical structures, word order, substitution, and deletion of morphemes and verbs. In
addition, word retrieval difficulties were found commonly co-occurring with difficulties in
sentence production, which is one of the characteristics of agrammatism. With the presence
of incomplete sentences, the omission of arguments, the production of semantic errors, or
the reliance on general words or pronouns, noun retrieval difficulties may have an impact
on sentence production among PWA (Webster et al. 2004). It is believed that difficulties
in retrieving verbs have a greater effect on sentence production. Due to the semantic
representation of the verb that encodes information in the form of the sentence’s argument
structure (Levelt 1989), difficulties in accessing verbs result in a reliance on single words
and phrases and the absence of sentence structure (Berndt et al. 1997).
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Among bilingual PWA, we found that the extent of agrammatism in L1 versus L2
tends to vary. This is partly due to grammatical rules and the typological distances of the
languages involved. For example, in Sang’s (2015) study, Kiswahili is a highly agglutinative
language, whereas English is an analytical language. This difference presents a situation
where English inflects the verb with grammatical elements while Kiswahili uses free
morphemes instead. The same pattern was also duplicated in Bastiaanse (2013), where
another agglutinative language, Swahili, showed a similar pattern in verbs compared to
English. The past tense for verbs in Swahili was maintained as present tense because an
omission of the tense results in non-words, whereas the omission of morphemes is possible
in English. Similarly, in Alexiadou and Stavrakaki (2006), performance is affected by a
syntactic discrepancy for verb movement exhibited in English but not in Greek. Therefore,
it could be seen that the generalization of morphology across L1 and L2 may in some
studies function as a facilitating device but not in other studies (Alexiadou and Stavrakaki
2006; Bastiaanse 2013; Sang 2015).

Additionally, the reviewed studies generally showed better language abilities and
recovery of L1 rather than L2 among bilingual PWA. Sentence production in L1 was found
to be superior to L2 in various aspects, including the selection of verbs and adverbs, word
order, and grammaticality of sentences. Additionally, studies included in this review
reported more error patterns in L2 compared to L1, such as verb deletion and errors
in word order. Better performance in L1 compared to L2 was observed for a variety of
languages. This appears consistent with the assumption that the impairment may be in
the participant’s language system (Abutalebi and Green 2007; Green 2003; Green et al.
2006; Grosjean 1998; Ullman 2001, 2005). Ullman (2001, 2005) proposed that declarative
memory plays a greater role in the syntactic processing of L2, while procedural memory is
more significant in L1 processing among late bilingual users. One striking similarity across
reviewed studies is the relatively late acquisition of L2 among participants. According to
Ullman, the late acquisition of L2 led to the implicit/automatized construction of sentences
in L1; however, sentence construction in L2 depended on explicit processing and was
non-automatized. Lack of automaticity of declarative memory may contribute to greater
retrieval errors in L2 production compared to L1, which may, in turn, lead to the lack of
parallel language impairments in bilingual users with aphasia. This is further supported
by the review by Kuzmina et al. (2019), who found that the age of acquisition (AoA) of
L2 influenced the level of comparability between L1 and L2 performances. In studies on
bilingual participants with PPA, L1 was also found to be better preserved than L2.

This can further be justified based on the case of parallelism in PPA, in which Druks
and Weekes (2013) argued that explicit memory plays an important role in L2 processing
when L2 is acquired later in life. According to the convergent hypothesis (Abutalebi and
Green 2007; Green 2003; Green et al. 2006; Grosjean 1998), the developmental time windows
of explicit and implicit memory systems determine the processing of dual languages. Lan-
guage acquisition of L1 before the age of 5–6 years old serves as the implicit memory system,
while language acquired later serves as the explicit memory for adults. Acquiring another
language is not limited to securing additional vocabulary (word forms and morphemes)
but more of its vocabulary–conceptual functional link and sensory representations of their
referents and interface with combinatorial syntactic and phonological processes (Green
et al. 2006), which needs to be maintained. This suggests that the neural representation
of L2 converging with L1 among PWA affects the languages in similar ways after onset
of L2 acquired at an early age. In summary, parallel language deterioration provides
supporting evidence of the effect of age on language acquisition in terms of the nature of
impairment among L1 and L2 following onset (Kuzmina et al. 2019). Unfortunately, studies
on bilingual PPA are quite limited. For future studies, we recommend that longitudinal
studies be conducted on PPA to help explain the patterns of impairments among sudden
onset bilingual aphasia.

The studies reviewed also looked at factors that contributed to differential patterns.
Three main factors were identified: (i) characteristics of L1 versus L2 (Alexiadou and
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Stavrakaki 2006; Bastiaanse 2013; Sang 2015), (ii) factors on aphasia types and severity
(Goral et al. 2019; Verreyt et al. 2013), and (iii) factors on brain lesion area (Adrover-Roig et al.
2011; Filley et al. 2006; Goral et al. 2019; Imaezue et al. 2017). In terms of the characteristics of
L1 versus L2, the nature of morphological typological structure (e.g., agglutinative versus
analytic and parametrization of verb movement and tenses) was found to be influenced by
the frequency of language use (Alexiadou and Stavrakaki 2006; Lerman et al. 2019; Machado
et al. 2010). This may be because what is explicitly learned in later childhood is sustained by
declarative memory processes, thus, L2 became susceptible to more phonemic paraphrasing
and morphological and syntactic errors (Druks and Weekes 2013; Green et al. 2006; Imaezue
et al. 2017; Zanini et al. 2011). In terms of aphasia types and severity, differential patterns
of bilingual aphasia recovery may be observed. Collectively, two major patterns of aphasia
recovery were discovered in the reviewed studies—parallel recovery (both languages recover
at the same speed) and differential recovery (recovery is more pronounced in one language
compared to the other language; the recovery in both languages differs qualitatively), as in
Verreyt et al. (2013). Finally, it is important to consider factors related to the brain lesion areas.
Previous studies have shown that a lesion in the basal ganglia may result in L1 production
deficits while leaving L2 spontaneous speech better preserved (Adrover-Roig et al. 2011;
Fabbro 2001). We believe that the presence of neuroanatomic relationships with linguistic
processing is crucial for comparable abilities in dual languages. In the past, the age of acqui-
sition was suggested to develop distinct lexical subsystems for the native language and the
language that was acquired later (Green et al. 2006).

5. Conclusions

This study summarized the characteristics of language impairments in bi/multilingual
aphasia. Interestingly, we found similarities in the patterns of bi/multilingual impairments
between individuals with sudden onset aphasia and PPA. The reviewed studies generally
showed better language abilities and recovery of L1 compared to L2 in bilingual PWA. The
results were significantly in favor of parallel deterioration when both languages (L1 and
L2) were acquired earlier in life. Meanwhile, when another language was acquired much
later, they showed selective deterioration. Similarly, among the control group, the age of
acquisition of language reciprocated similar patterns in their language performance. In
sequential asymmetrical language acquisition, the earlier language was found to exhibit
superior performance compared to language acquired later. It is worth highlighting that
all reviewed studies compared participants’ abilities in their L1 and L2 prior to aphasia,
except for one study by Sang (2015) that looked at the PWAs’ abilities in two non-dominant
languages—English and Kiswahili. This study stood out as it could serve as a new trajectory
that needs to be explored, especially for multilingual people. As sentence production
involves multiple linguistic processes (i.e., grammatical, morphological, lexico-semantic,
and syntactic) a more comprehensive picture that captures grammatical competency in
sentence production should be included in future review studies.
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