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REVIEW

The efficacy of treatments for sentence production deficits in 
aphasia: a systematic review
Sarah-Ève Poiriera,b, Marion Fossardc and Laura Monettaa,b

aDepartment of Rehabilitation, Faculty of Medicine, Laval University, Quebec City, Quebec, Canada; bCentre 
Interdisciplinaire De Recherche En Réadaptation Et Intégration Sociale (Cirris), Quebec City, Quebec, Canada; 
cDépartement des Sciences du langage et de la communication, Institut Des Sciences Logopédiques, 
Université De Neuchâtel, Neuchâtel, Switzerland

ABSTRACT
Background: Many individuals with aphasia (IWA) experience sen
tence production deficits (SPD), which can affect their daily interac
tions. Even if distinct treatments have been developed to improve 
these deficits, their efficacy is not always thoroughly measured, 
which makes it difficult to determine the optimal treatment for a 
given IWA. Objective: The primary objective of this study is to analyse 
the efficacy of the treatments that have been proposed for SPD in 
terms of gains on trained items, generalization to untreated items, 
maintenance of the acquired gains, and transfer to other contexts. 
Methods: A systematic review was conducted across the following 
databases: PubMed, CINHAL, and LLBA. Results: Twenty-five studies 
met criteria for this review, regrouping 11 different SPD treatments 
and 84 IWA. Different types of treatment were found. They mainly 
target verbs, sentence structures, or morphology. Concerning effi
cacy, gains on trained items and generalization to untreated items 
were demonstrated for almost every treatment, whereas the other 
efficacy measures were not always reported or improved. IWA char
acteristics and intensity treatment variables were also analysed for 
each treatment. Conclusions: No matter whether they focus on verbs, 
sentence structures, or morphology, most of the analysed treatments 
seem to be effective for improving SPD in IWA. Through various 
treatments, efficacy seems to be dependent on IWA’s characteristics 
such as time post-stroke and aphasia severity.

ARTICLE HISTORY 
Received 20 April 2021  
Accepted 15 September 2021 

KEYWORDS 
Aphasia; sentence 
production; agrammatism; 
treatment; stroke

Introduction

Aphasia is a communication disorder acquired following a brain injury, frequently a stroke 
or a degenerative disease that affects the brain’s left hemisphere. It occurs for about a 
third of stroke survivors (Dickey et al., 2010), and it can lead to various language 
difficulties, including sentence production deficits (SPD). SPDs, also named agrammatism, 
refer to an inability to produce complete or correctly constructed sentences (e.g., “tomato 
eat”). The prevalence of SPD varies during the course of aphasia (Springer et al., 2000). In 
the acute phase post-onset, SPDs are found in less than 10% of the individuals with 

CONTACT Laura Monetta Laura.Monetta@rea.ulaval.ca Department of Rehabilitation, Faculty of Medicine, Laval 
University, Quebec City, Quebec, Canada; Centre Interdisciplinaire De Recherche En Réadaptation Et Intégration Sociale 
(Cirris), 1250 Avenue de la Médecine, Quebec (QC), G1V 0A6, Quebec City, Quebec, Canada

APHASIOLOGY                                               
https://doi.org/10.1080/02687038.2021.1983152

© 2021 Informa UK Limited, trading as Taylor & Francis Group 

http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/02687038.2021.1983152&domain=pdf&date_stamp=2021-10-08


aphasia (IWA), whereas it is present in about 30% of the chronic aphasic population. This 
increment in prevalence could be explained by a change from global aphasia to Broca’s 
aphasia with SPD (Willmes & Poeck, 1984). The prognosis varies as well, given that 
spontaneous recovery from acute SPD in Broca’s aphasia was reported in 60% of the 
patients (Willmes & Poeck, 1984), whereas individuals with chronic SPD did not appear to 
fully recover their grammatic abilities (Springer et al., 2000). Therefore, a speech and 
language intervention specifically for sentence production is recommended to recover 
the ability to produce sentences in chronic SPD.

SPDs can manifest themselves as diverse combinations of grammatical morpheme 
omissions (e.g., “You are sleep”), verb retrieval difficulties (i.e., anomia), thematic roles 
(who did what to whom), assignment difficulties (e.g., “The money will give the man”), 
omission of function words (e.g., “I am school”), and a lack of complex verbs (e.g., put 
instead of hang) (Pillon, 2016; Springer, 2008). Given that the causes of SPD are very 
heterogeneous, the general conclusion of SPD is insufficient to guide specific clinical 
intervention. Thus, an assessment based on a theoretical model illustrating the different 
underlying sentence processing levels is mandatory. In the last 20 years, some clinical 
tools based on Bock and Levelt (1994) theoretical model have been developed to clinically 
evaluate the underlying level of SPD in patients with post-stroke and degenerative 
diseases (i.e., the VAST, in English; Bastiaanse et al., 2003; the NAVS, in English; 
Thompson, 2012; and the BEPS, in French; Coulombe et al., 2019). In Bock and Levelt 
(1994) model, four processing levels are distinguished, but only the middle two levels (the 
functional and positional levels, which are central for grammatical encoding) are evalu
ated by the VAST, the NAVS, and the BEPS. The functional level involves two sublevels: the 
lexical selection of the concepts activated in the previous level (i.e., a lexical item’s lemma 
information) and the assignment of thematic roles to the selected lemmas and the 
encoding according to their grammatical function (subject, verb, object) are achieved. 
This level of processing is usually evaluated with actions naming task and thematic role 
attribution tasks. The positional level also involves two sublevels: constituent assembly 

Figure 1. Categorization of some existing treatments for SPD.
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and inflectional processes. First, the constituents (i.e., lemmas) are assembled into a 
sentence frame. Second, the addition of grammatical morphemes (e.g., number and 
tense) and function words (prepositions, determiners, and auxiliary verbs) provides the 
sentence’s grammatical structure. This level of processing is usually evaluated with 
constituent assembly tasks and verb inflection tasks.

Because the manifestations and origins of SPD are heterogeneous, many different 
speech and language treatments have been developed to date. A recent literature 
review sorted various treatments for SPD into three major groups, depending on 
whether the treatment targets (1) verbs, (2) sentence structures, or (3) morphology 
(see Faroqi-Shah & Baker, 2017; Figure 1). Interestingly, it is possible to establish a link 
between these three groups and the levels of processing in Bock and Levelt’s theoretical 
model (Bock & Levelt, 1994) that was previously mentioned. Indeed, treatments focus
ing on verbs and their thematic roles can be associated with the functional level; 
treatments targeting sentence structures can be associated with the first sublevel of 
the positional level, i.e., constituent assembly; and treatments targeting morphology 
can be associated with the second positional sublevel, i.e., inflectional processes. 
Treatments targeting sentence structures can link the functional and the positional 
levels or be associated with the first sublevel of the positional-level constituent 
assembly.

The first group of Faroqi-Shah and Baker’s classification, verbs (1), includes three 
main subtypes of treatments targeting the verbs and their thematic roles as a strategy 
intervention for SPD. These treatments aim to improve the semantic representation of 
the verbs either by strengthening their representation or by improving retrieval of the 
verbs. For doing so, some of these treatments target naming and semantic analysis 
(e.g., use, association, location) of verbs in isolation (1A), such as Semantic Feature 
Analysis (SFA; Peach & Reuter, 2010), semantic cueing hierarchy (e.g., Wambaugh et al., 
2002), or errorless learning approach with decreasing cues (e.g., Conroy et al., 2009). A 
recent study reviewed treatments of verbs in isolation and found that improvement 
was limited to trained verbs (Hickin et al., 2020). Other treatments target verb naming 
with sentential complements (1B), i.e., the argument structure and its associated 
thematic roles, or a sentence frame (e.g., Bastiaanse et al., 2006; Edmonds et al., 
2009). Verb Network Strengthening Treatment (VNeST; Edmonds et al., 2009) is one 
of the treatments that target generation of diverse agents (i.e., who does the action) 
and patients (i.e., who “receives” the action) of trained verbs (e.g., for the verb measure: 
chef-sugar, carpenter-lumber). It shows the patient that the same verb can have 
different meanings, which come with different agents, which reinforce the semantic 
representation of the verb. Webster and Whitworth (2012) found that treatments that 
focus on verbs and their arguments seemed to lead to a better generalization than 
treatments targeting verbs in isolation. Finally, whereas the treatments previously 
mentioned use speech and writing, others are multimodal (1 C) and include gestures 
for verb retrieval, especially with action verbs (e.g., Boo & Rose, 2011; De Ruiter, 2006). 
A systematic review conducted by Rose et al. (2013) found that treatments including 
gestures with the oral production seem to be more effective than treatments without 
gestures.

APHASIOLOGY 3



The second group of treatments targets sentence structures (2) without explicitly 
discussing lexical difficulties. Some of them rely on the syntactic tree structures (2A) to 
illustrate the underlying representation of complex sentences requiring constituents’ 
movement (Noam Chomsky, 1995). Treatment of underlying forms (TUF, originally called 
Linguistic Specific Treatment; Thompson, 2008; Thompson et al., 1997) is one of them. It 
uses a reverse complexity model, in which the training of complex sentence structures 
(e.g., object clefts and passives) is assumed to generalize to less complex structures with 
the same movement operation. This treatment starts with a review of an active sentence 
and the identification of the verb and its arguments. Then, the clinician trains the knowl
edge of the verb’s thematic roles and changes the linear order of the elements in the 
sentence to obtain the surface form of the target sentence. Unlike TUF, mapping therapies 
(MTs; 2B) do not explicitly train sentence structure and do not use a reverse complexity 
model. They rely on Bock and Levelt’s theoretical model (Bock & Levelt, 1994) and target 
the production of verbs and thematic role assignments (Schwartz et al., 1994). MT 
researchers propose that SPDs result from an impairment in the mapping from the 
functional level to the positional level. Thus, procedural MT trains the link between the 
meaning (i.e., thematic roles) and the structure (i.e., subject vs. object) of the sentence. 
Other treatments target conversational abilities (2 C), using protocols such as the 
Constraint-Induced Language Therapy (CILT, or more recently called Intensive Language 
Action Therapy, ILAT; Pulvermuller & Berthier, 2008) or the Helm-Estabrooks Language 
Program for Syntax Stimulation (HELPSS), which focus on memorizing and practicing 
scripts (Helm-Estabrooks, 1981). These two treatments aim to increase the utterance 
length progressively.

Finally, the third group comprises treatments targeting morphology (3), which focus 
on verb tenses and aspectual markings (i.e., how it extends over time, e.g., perfective vs 
imperfective). Among these, some treatments train verb tense (3A). For example, Mitchum 
et al. (1993) trained the production of verb morphology for three verb tenses (future, 
present progressive, and present perfect). Similarly, Faroqi-Shah (2008) intervened on SPD 
with a morphosemantic treatment. This treatment’s main focus is to link the morpholo
gical shape of a verb with the associated meaning (e.g., will + verb expresses a future 
activity, whereas walked expresses an action in the past). Also, Weinrich and colleagues 
developed a computer-based iconic system (C-VIC, see Boser & Weinrich, 1998; Boser et 
al., 2000). In this treatment, the patient forms canonical sentences with icons and is then 
encouraged to produce them orally. In contrast, proponents of syntactic theories use 
hierarchical approaches (3B) to assess the tree-pruning hypothesis (TPH; e.g., Friedmann & 
Grodzinsky, 1997; Hagiwara, 1995), which postulate that a deficit at any level of the 
syntactic tree will impair every level above it. They use a treatment protocol similar to 
TUF (Thompson, 2008) to test their hypothesis.

Overall, many treatments for SPD have been developed, focusing on different levels of 
the sentence production models. With all of these choices of treatments, one could ask 
whether and to what extent all of these treatments are effective for IWA. The concept of 
treatment efficacy has, indeed, evolved through the years, including not only gain of 
trained items but also generalization to untrained items requiring the trained ability 
(Lavoie & Macoir, 2018), cross-modality generalization (e.g., from oral production to oral 
comprehension; Segaert et al., 2012), transfer to another context of communication (e.g., 
from naming to discourse; Herbert et al., 2014), and maintenance of acquired gains on 
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trained items for a specific period after the end of therapy (e.g., one month post- 
treatment; Wisenburn & Mahoney, 2009). Thus, the question arises: which are the optimal 
evidence-based treatments for SPD focusing on verbs, sentence structures, or morphol
ogy that have shown to be effective?

The main goal of this study is to analyse the efficacy of the various treatments that have 
been proposed for SPD in terms of gains on trained items (post-treatment efficacy), 
generalization to untreated items, maintenance of the acquired gains (long-term efficacy), 
and transfer to other contexts.

Methods

Search strategy

We conducted a systematic search across the following databases: PubMed, CINHAL, and 
LLBA. Also, a search of the grey literature was undertaken using Google Scholar. 
Controlled vocabulary was used, and filters were customized depending on each data
base’s particularities. We used the following terms: (stroke* OR cerebrovascular disorder 
OR cerebrovascular disease OR brain damage OR ischemic disease OR lesion) AND 
(aphasi* OR language OR speech-language OR communication) AND (syntax OR sen
tence* OR production OR syntactic OR verb OR mapping OR oral production OR thematic 
roles) AND (treatment OR therapy OR rehabilitation OR intervention).

Study selection and data extraction

In the first phase of selection, two independent reviewers (SEP and LM) read titles and 
abstracts and included articles respecting these inclusion criteria: (1) reporting primary 
data, (2) including adults with chronic aphasia (6+ months post-stroke), (3) monolingual 
speakers, (4) using treatment centered on oral syntactic production as a primary results, 
(5) articles published in French or English from 1990 to April 2020. They excluded articles 
according to these criteria: (1) participants having speech-language therapy during the 
study, (2) participants presenting a co-occurring history of psychiatric or other neurolo
gical disabilities (epilepsy, diagnosed mental health disability, neurodegenerative disease, 
previous brain lesion), (3) studies only focused on lexical access of verbs. The same two 
reviewers (SEP and LM) then performed a full-text screening of the remaining articles. 
Reviewer 1 (SEP) read each article, and Reviewer 2 (LM) read half of them. We collected 
data relative to study design, participants, materials and procedures, as well as the efficacy 
outcomes on syntax production. When this information was not clearly identifiable, we 
considered it as not reported.

Methodological quality

To ascertain the methodological quality of each article, the Single-Case Experimental 
Design scale (SCED; Tate et al., 2008), which results in a score out of 10 points, was used. 
The scores were then rated as weak (0–4), moderate (5–7), or strong (8–10) (Health 
Evidence, 2019). Single-case studies can provide strong evidence despite the small sample 
size (OCEBM Levels of Evidence, 2011). For each study, design suitability was also 
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determined using Briss et al. (2000) guidelines. The strength of evidence for each treat
ment was determined using Briss et al. (2000) criteria, which suggest a level of strength for 
a set of studies based on their methodological quality and design suitability. For example, 
the strength of evidence of a treatment may be rated strong if there are at least two 
studies with good execution and design suitability; sufficient if there is only one study with 
good execution and design suitability; expert opinion if the quality of execution and 
design suitability varies; or insufficient if there are not enough studies and designs or 
executions are insufficient.

Results

Database and grey literature searches yielded a total of 613 articles. Additional searches 
through other sources (e.g., reference lists of identified articles) added 15 articles. Of these 
628 articles, 603 were excluded because they did not meet the selection criteria (513 were 
excluded after the screening and 89 excluded after abstract and full-text reading; see 
Figure 2 for details). Therefore, 25 studies were included in the review, reporting on a total 
of 85 participants with post-stroke aphasia. All of these studies were single- or multiple- 
case studies with a single-case experimental design.

Figure 2. Flow diagram of the review process.
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A total of 11 different treatments were presented in the studies included in this review 
(see Table 1). Studies were found for each treatment categories described by Faroqi-Shah 
and Baker (2017): verbs (n = 5), sentence structures (n = 15), morphology (n = 3), and 
treatments that did not fit in any of these three categories (n = 2). Moreover, some 
treatments were recurrent among these groups (e.g., TUF, which was applied in 9/25). 
Among the treatments targeting verbs, those focusing on lexical access of isolated verbs 
(1A) have not been selected for this literature review since they are not closely related to 
the sentence as a final result (see Figure 2). Therapies similar to CILT/ILAT have also been 
discarded because of their more general conversational approaches (see Figure 2).

Based on the SCED ratings, the methodological quality of the included studies 
ranged from 60% to 100% (average of 83.6%, which is associated with a strong quality; 
see Table 1). The most prevalent methodological limitation was the independence of 
assessors (i.e., having someone uninvolved in the study to evaluate the participants), 
which was only present in 32% of the articles, whereas the other criteria were all present 
in at least 72% of the articles.

Additional data relative to participants and treatments are presented in Table 2. Each 
study used tests to evaluate the initial deficits of their participants, but only 11/25 used a 
test that allowed an identification of the deficits through different levels similar to the 
ones of Bock and Levelt (1994) (e.g., NAVS; Thompson, 2012). The other studies used more 
general aphasia tests or batteries that do not lead to the same level of precision for the 
underlying SPD but instead give a standard global conclusion on syntactic production 
abilities (e.g., Boston Diagnostic Aphasia Examination, BDAE; Goodglass et al., 2001; 
Philadelphia Comprehension Battery for Aphasia, PCBA; Saffran et al., 1988).

Concerning efficacy, different measures were reported in the analysed studies. The four 
main ones were (a) gains on trained items, (b) generalization, (c) transfer to other contexts, 
and (d) maintenance of the acquired gains. Two of these were divided further. 
Generalization includes generalization to untrained items and inter-modality generalization, 
whether it is from oral production towards oral comprehension or towards written 
production. Transfer to other contexts includes narrative discourse and conversation (see 
Table 3). Efficacy was measured differently from one study to another. Each study 
measured gains on trained items and generalization to untrained items. However, the 
other efficacy measures (i.e., inter-modality generalization, transfer to other contexts, and 
maintenance of the acquired gains) were not reported in each study. To determine 
whether each participant improved or not on each efficacy measure, a dichotomic 
method (i.e., presence or absence of improvement) was used based on what was reported 
by the authors of the original articles (frequently a percentage of improvement with or 
without a significance level). Overall, the efficacy, in terms of gains on trained items, was 
95.2% (80/84 participants). Table 3 reports the number of participants for which each 
measure was taken and for which it improved for each treatment.

The body of evidence of the four treatments also showed a strong quality: VNeST, TUF, 
MTs, and C-VIC (see Table 3). The other treatments did not have enough studies replicat
ing the same treatment or the studies applying these treatments had a moderate 
methodological quality. Thus, their strength of evidence was deemed sufficient or expert 
opinion.
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Discussion

The current study analysed the efficacy of speech and language therapy treatments that 
have been proposed for SPD. To do so, 11 different SPD treatments for individuals with 
post-stroke aphasia, presented in 25 studies, were assessed following a three-group 
categorization: verbs (5), sentence structures (15), and morphology (3) (Faroqi-Shah & 
Baker, 2017). Two other treatments that did not fit into one of the three previously 
established group categorizations were also included. As it was mentioned in the results, 
treatments targeting verbs that focused on lexical access of isolated verbs were not 
included in the present literature review. Some literature reviews have already been 
conducted on this subject in the last years (e.g., Hickin et al., 2020; Webster & 
Whitworth, 2012). Because our aim was to analyse the efficacy of these treatments, the 
following discussion was divided according to the four main efficacy measures: (a) gains 
on trained items, (b) generalization, (c) transfer to other contexts and (d) maintenance of 
the acquired gains.

Gains on trained items

Considering the results of this review, it is clear that sentence production treatments led 
to improvement on trained items (95.2% of participants showed an improvement). The 
four participants who did not show improvement on this measure received either a 
treatment focused on verbs (VNeST; Edmonds & Babb, 2011) or a treatment focused on 
sentence structures (MT; Carragher et al., 2015). On the whole, the fact that each treat
ment led to improvement on trained items can be associated with a publication bias 
because a study without positive results might not have been published. Therefore, in this 
case, this efficacy measure is not a deciding factor on its own to choose an optimal 
treatment.

Generalization

Generalization to untreated items is an important efficacy measure because it is not 
conceivable to train every sentence an individual needs to produce daily. In the analysed 
studies, it was measured with the same task as the one used to measure gains on trained 
items, but with different untrained items that have equivalent characteristics (e.g., num
ber of arguments, frequency, type of sentences). A total of 72/84 participants showed 
generalization to untrained items (see Table 3). This is consistent with previous findings 
that mention that a treatment that targets a process, a semantic related item, a rule, or a 
strategy should lead to generalization to other items requiring the same process, rule, or 
strategy (Coppens & Patterson, 2018). For example, VNeST focus on the activation of the 
semantic features and argument structure of a specific verb, which should lead to 
generalization according to studies who analyzed the difference between treatments 
focusing on isolated verbs in comparison to treatments including the sentential comple
ments of verbs (see Webster & Whitworth, 2012). Similarly, treatments targeting sentence 
structure or morphology in this study (e.g., Carragher et al., 2015; Thompson et al., 2010; 
Weinrich et al., 1997) trained strategies and rules, which can be applied to other stimuli 
requiring the same strategy or rule (Kendall et al., 1998).
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Another interesting measure of generalization is inter-modality generalization. 
Because sentence production can be preserved in an individual whose sentence compre
hension skills are impaired and vice versa, it has been said that these two abilities 
necessitate distinct processing systems (see Nickels et al., 2015). However, numerous 
studies have also observed inter-modality generalization, which suggests a relationship 
between these two systems (see Madden et al., 2020; Mitchum et al., 1995). While several 
studies showed that training sentence production does not improve sentence compre
hension (see Adelt et al., 2018; Murray et al., 2004), others have results demonstrating that 
training sentence comprehension improves sentence production (see Byng, 1988; Rochon 
& Reichman, 2004). In the present review, generalization from oral sentence production to 
oral sentence comprehension was observed for most of the participants for whom it was 
measured (16/25). Most of the participants who improved their comprehension received 
TUF and a few received C-VIC, which means that it was not specific to a group of 
treatments. It is not surprising that training sentence production with TUF led to inter
modality generalization to sentence comprehension because this treatment has been 
developed to improve both these modalities simultaneously (Thompson & Shapiro, 2005). 
Also, inter-modality generalization from oral sentence production to written sentence 
production was improved for almost every participant for whom it was measured (6/7). 
The six participants who improved all received TUF, which uses the written form of the 
sentences during treatment. This could have supported this generalization to written 
production.

On the whole, while generalization to untrained items has been analyzed and reported 
in many studies, the evaluation of inter-modality generalization and across-level general
ization (i.e., tranfer from sentence-level treatment to discourse level or from word-level 
treatment to sentence level, see section below) is not systematically included. The use of a 
generalization framework like the one developed by Webster et al. (2015) could help 
researchers to better describe both generalization within level (i.e., to untreated items) 
and across level (i.e., transfer).

Transfer to other contexts

Because speech-language therapy aims to improve daily communicational skills, transfer 
to discourse is an important measure of treatment efficacy. In this review, transfer to the 
narrative context was mainly evaluated through the telling of the Cinderella or the Little 
Red Riding Hood story. The analysed variables were mainly mean length of utterances, 
number of grammatically correct sentences, number of correct information units, com
plexity of sentences, and number of open- and closed-class words. Narrative discourse 
was improved for most of the participants for whom it was measured (43/59). The 
participants who did not transfer their improvements to a narrative context were from 
different studies and received different treatment: VNeST, TUF, or MT.

A few studies also measured transfer to an ecological context (conversation with a 
family member or friend), but the results were not as positive as those for the other 
efficacy measures. The three participants for which it was improved received VNeST or 
TUF. However, it is important to be cautious when interpreting very small samples of data. 
In Carragher et al. (2015), transfer to an ecological context was measured, but none of the 
nine participants improved after treatment. These authors explain that it could be due to 
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the lack of constraint in conversation (e.g., frequency of verbs, types of sentences, non- 
adjusted conversation partners, etc.), which makes it harder for IWA to construct complete 
sentences. In future studies, it would be important to consider this efficacy measure to 
lead to a better daily improvement in communication.

Maintenance of the acquired gains

Maintenance of the acquired gains is also an important efficacy measure because the goal 
of therapy is that the patient does not lose progression once the treatment is over. In the 
case of post-stroke deficits, long-term maintenance of progression can be achieved 
because it is not a degenerative condition. In this review, maintenance of the acquired 
gains was present for the majority of the participants for which it was measured (42/49). 
Studies that have examined SPD maintenance have reported similar results. However, for 
most of them, the retention interval typically has been relatively short (between 2 and 6 
weeks). Other than the single case study of C-VIC that showed a 1-year maintenance 
(Boser et al., 2000), none of the other analyzed studies of SPD treatment in IWA have 
tested maintenance beyond 5 months of post-treatment.

Other variables influencing efficacy

Other variables that are not specifically related to syntax could have influenced the 
efficacy of treatments: demographic variables concerning the participants and variables 
concerning treatments (in terms of intensity, administration, number of stimuli, etc.). 
Concerning the participants, the time that has passed since they had their cerebrovascular 
accident (CVA) has an effect on cerebral plasticity (Teasell et al., 2012), whereas the 
lesion’s site and the type of aphasia can lead to different deficits in addition to the SPD 
(see Marková, 2010; Mirman et al., 2019). In this review, these data varied greatly from one 
participant to another and did not seem to have a clear impact on efficacy (see Table 2). 
Nevertheless, severity of aphasia seems to have had an impact on treatment efficacy, 
which was reported by authors from the different studies reviewed. This is consistent with 
precedent studies, which demonstrated that the initial severity of aphasia is a contribut
ing factor to the prognosis (e.g., Laska et al., 2001; Pedersen et al., 2004). However, with 
small sample sizes, it is hard to draw general conclusion about the impact of these 
variables on efficacy measures.

Concerning the frequency of sessions per week and their duration, this was similar for 
every study (mainly two times a week for 1 h 30 min to 2 h sessions), but the length of 
treatments varied. This could have had an impact on efficacy given that a greater intensity 
has been shown to be beneficial (Brady et al., 2016). Regarding the stimuli, treatments 
targeting verbs used non-reversible sentences only, whereas treatments targeting sen
tence structures used reversible sentences. This could have influenced efficacy because 
canonical non-reversible sentences (i.e., sentences where the agent and patient are not 
interchangeable; e.g., “The man walks the dog”) are less complex than reversible sen
tences (e.g., “The woman punches the man”; Sherman & Schweickert, 1989). However, 
treatments targeting verbs were not more effective than the others.
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Even if all of these variables do not reveal their specific role on efficacy in the 
treatments analysed, they are important to ensure the study’s replicability and to obtain 
a sufficient homogeneity to be able to compare different treatments. Moreover, the fact 
that participants under the same experimental conditions showed different patterns of 
improvement suggests that the initial characteristics of the participants have greater 
effect on the outcomes of the treatment than the treatment itself. It is possible that 
with a higher number of participants, some tendencies regarding the effect of these 
variables on efficacy could have been found.

Another important aspect to consider is the way the initial deficit was measured. As 
mentioned earlier, about half of the studies used tests designed to identify the level of 
production on which there is a deficit. However, it is essential to establish the origin of the 
SPD and choose which treatment to use because each group of treatment targets a 
different level.

Limitations

Some methodological limitations from the included studies impact the conclusions that 
have been drawn in this review; the prominent ones being that the participants’ char
acteristics varied extensively across studies (e.g., lesion site, time post-stroke) that some 
efficacy measures were not measured for most of the participants, neither were they 
reported nor measured in an homogenous way through the treatments. Also, almost half 
of the studies were from the same group of researchers. Moreover, as in most treatment 
studies, a selection bias (the participation of motivated participants) and a publication 
bias (the studies with positive results are published more easily) could affect the available 
results. Finally, it would have been interesting to analyse the magnitude of improvements 
for the different efficacy measures. However, effect sizes were not reported for most of the 
studies, limiting the interpretation to the available data, which were mostly percentage of 
improvement and significance levels.

It is important to remember that each of the 11 treatments reported in this review did 
not have the same strength of evidence (see Table 1). Among the treatments targeting 
verbs or sentence structures, only VNeST, TUF, MTs, and C-VIC had a strong strength of 
evidence. The other treatments either did not have enough studies replicating the same 
treatment or the studies applying these treatments had a moderate methodological 
quality. Thus, their strength of evidence has been deemed sufficient or expert opinion. 
Another important fact is that it is often the same group of researchers that replicate a 
treatment through numerous studies (e.g., VNeST and TUF). To demonstrate experimental 
control, the replication of a study is essential, but it is more meaningful if at least three 
different groups of researchers have done it (Horner et al., 2005), which is only the case for 
MTs in this review. However, studies that were not found in this review might exist and 
reinforce strength of evidence of treatments.

Future perspectives

The present review adds to the aphasia literature by analyzing the four efficacy measures 
of different types of treatments. This provides a more global view of efficacy because it is 
not centered on one efficacy measure for many treatments nor on various measures for 
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one type of treatment. In the future, to allow for a better demonstration of the efficacy of a 
treatment, it would be important to include the efficacy measures mentioned in this 
review, particularly inter-modality generalization and transfer to an ecological context 
(see Webster et al., 2015 framework proposition), which was only measured in a few 
studies. A study using TUF mentioned that this treatment is tricky to apply for a clinician 
without an in-depth knowledge of linguistics. They addressed this difficulty by developing 
a computerized version of TUF provided by a virtual clinician four times a week 
(Thompson et al., 2010), which compensates for the complexity of the procedure and 
allows for a greater intensity of treatment. It is an interesting modality to consider in the 
future to compensate for the complexity of some procedures, or to make treatments 
accessible for more individuals by counterbalancing the restrictions resulting from geo
graphical distance or the lack of time that a clinician has to see the same patient multiple 
times a week.
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