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Background: Enhancing speech-language therapy remains the most e�ective

strategy for improving post-stroke aphasia, However, conventional face-to-face

interventions often lack the necessary therapeutic intensity. In recent years,

mobile application-based speech-language therapy has emerged progressively,

o�ering new opportunities for independent rehabilitation among aphasic

patients. This review aims to evaluate the impact of mobile application-based

interventions on post-stroke aphasic.

Methods: By conducting a systematic search across five databases (PubMed,

Web of Science, EMBASE, CINAHL, and Scopus), we identified and included

studies that investigated the utilization ofmobile application-based technologies

(such as computers, iPads, etc.) for treating post-stroke aphasia.

Results: This study included 15 research investigations, including 10 randomized

controlled trials (RCTs), four self-controlled studies and one cross-over

experimental design study. Among these, eight studies demonstrated the

e�cacy of mobile application-based therapy in enhancing overall language

functionality for post-stroke aphasia patients, three studies highlighted its

potential for improving communication skills, three studies observed its positive

impact on spontaneous speech expression. Moreover, four studies indicated its

e�ectiveness in enhancing naming abilities, two studies underscored the positive

influence of mobile application-based interventions on the quality of life for

individuals with aphasia. Six studies noted that speech improvement e�ects were

maintained during the follow-up period.

Conclusion: The results of this review demonstrate the potential of mobile

application-based interventions for improving speech-language function in

individuals with aphasia. However, further high-quality research is needed to

establish their e�ects across di�erent domains and to delve into the comparative

advantages of various treatment approaches.

Systematic review registration: https://www.crd.york.ac.uk/prospero/

display_record.php?RecordID=405248
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1 Introduction

Aphasia arising post-stroke is an acquired communication

disorder characterized by impairment in linguistic abilities. It

stems from varying degrees of damage to the language center

of the brain (usually located in the left hemisphere), which

affects oral expression, reading ability, writing ability, language

comprehension, and even cognitive and computational functions

(1, 2). After an initial ischemic stroke, ∼30% of patients

may manifest symptoms of aphasia (3). Studies reveal that

during the year following a stroke, ∼43% of individuals with

aphasia still confront ongoing communication challenges (4).

Aphasia significantly hinders daily life functioning, subsequently

reducing quality of life and potentially leading to issues such as

depression (5–8).

In recent years, an increasing number of studies have focused

on the use of mobile applications, such as computers and tablets, to

enhance the expressive language skills of individuals with aphasia

(9, 10). For example, Zhou et al. (11) found that a 14-day, 30-min-

a-day computer-based training session resulted in more significant

speech improvements compared to traditional treatments. Mobile

application-based therapy is gaining attention as a means of

remote delivery (12). One potential advantage of this treatment

modality is its potential for increased cost-effectiveness, reduced

therapist burden, and enhanced patient satisfaction and treatment

adherence (13).

Three systematic review studies have already explored the

impacts of various innovative technologies on aphasia, and their

consistent findings suggest that innovative technologies hold

promise in improving language functions among individuals with

aphasia (14–16). However, the systematic reviews conducted by

Lavoie et al. (14) and Russo et al. (16) focused only on the impact

of a specific technology on language performance in a particular

domain for people with aphasia and the literature included was

limited to studies conducted prior to 2017. Additionally, the review

by Repetto et al. covered literature from only three databases

(15). Hence, the objective of this present systematic review is

to comprehensively explore the impact of mobile application-

based speech-language therapy (SLT) on language functional

performance across multiple domains in individuals with aphasia.

2 Methods

2.1 Search strategy

This systematic review strictly follows the guidelines outlined

by the PRISMA framework. The systematic review has been

registered in the PROSPERO-International Prospective Register

of Systematic Reviews (CRD42023405248). The search timeframe

spans from the inception of databases to August 15, 2023. We

conducted searches in five major databases (PubMed, Web of

Science, EMBASE, CINAHL, and Scopus). To ensure search

accuracy, we employed PubMed MeSH terms including “stroke,”

“aphasia,” and “computer” to identify relevant keywords for

retrieval. In the search process, Boolean operators were utilized to

combine these keywords, aiming to capture a comprehensive range

of literature (see Supplementary Table S1 for the search formula).

2.2 Study selection

Inclusion criteria were determined according to the PICOS

principles (include participant, intervention, control group,

outcomes and study): (1) Study design: English language,

randomized controlled trial, self-controlled trial, and crossover

design trial; (2) Study participant: individuals ≥18 years of

age with stroke, confirmed by medical imaging diagnosis, and

diagnosed by speech-language pathologists according to the

diagnostic criteria of the Aphasia Scale (e.g., the Western Aphasia

Battery of Tests); (3) Intervention method: mobile application

technology, including, but not limited to, application interventions

on devices such as PCs, iPads, tablets, and cell phones. If

mobile application technology is used in combination with other

treatments, the control group needs to adopt the same method.

(4) Control group: the control group included no intervention

(waiting group), therapist intervention alone, or computer-based

pseudo-intervention; (5) The outcome measures include language

functioning outcomes such as overall language function (assessed

by the Overall Language Scale), functional communication skills

(assessed by the Functional Communication Scale), spontaneous

language functioning (assessed by picture description tasks, etc.),

and naming ability (assessed by the Naming Scale). In addition,

attention will also be paid to outcomes such as quality of life related

to aphasia.

2.3 Literature screening procedures

Literature screened in the database will be imported into

EndNote software. Two researchers will screen the titles and

abstracts of the literature based on predetermined inclusion criteria.

During the screening process, if disagreement arises between the

two researchers, a third researcher will be asked to participate

in order to jointly decide whether to include or exclude the

literature. After the initial screening, the full-text screening stage

was carried out. During the full-text screening process, evaluations

are also made based on pre-set criteria. After the screening is

complete, a reference search will be performed for the included

literature to manually search for relevant literature that may meet

the requirements.

2.4 Data extraction

The researchers will create data extraction tables to record the

information from each included study, which will be populated

into Tables 1, 2. Extracted details will include author, publication

year, study type, sample size, type of aphasia, age, gender, duration

of condition, intervention setting, severity of aphasia, intervention

method, frequency and duration of intervention, description of

control group, outcome measures, and results. Two researchers

will carry out the data extraction process, and in case of any

discrepancies, the opinion of a third researcher will be sought.

Given the significant variations in intervention content, outcome

assessment, and study designs across different studies, conducting

a meta-analysis would not be appropriate.
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TABLE 1 Characteristics of randomized controlled trials.
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Braley

et al. (17)

32 IG:

17 CG:

15

IG 58.9± 10

CG 62.4± 9.9

43.75% IG 53± 56 (m)

CG 38.1± 32 (m)

Broca’s:10

Anomic:10

Conduction:6

Wernicke’s:4

Transcortical

Motor:2

WAB-AQ

IG: 61.62±

24.28

CG: 66.02±

19.08

Home iPad-based

therapy

at least

30min/day,5

days a week for

10 weeks

Paper

workbooks

2 weeks WAB-R-AQ;

WAB-R-LQ;

WAB-R-CQ;

SAQOL-39.

7

Cherney

(18)

25 IG: 11

CG: 14

IG 56.6± 9.2

CG 61.1± 14.8

36% IG 66.7± 71.5

(m)

CG 41.3± 45.7

(m)

NA WAB-AQ

IG: 62± 19.9

CG:47.3±

27.9

Not clear Computer-

based

therapy

1 h/session,

2–3 times a

week, 24 times

in total

Waitlist NA WAB;

Discourse

words/min;

Discourse

CIUs/min.

6

Elhakeem

et al. (19)

50 IG:

25 CG:

25

IG 57.04± 10.88

CG 58.80± 11.58

20% NA Broca’s:24%

Anomic:2%

Transcortical

motor: 18%

Transcortical

mixed: 24%

Global: 32%

BADE

0.8± 0.58

Clinic Computer-

based

therapy

60

min/session,48

sessions over 6

months

Traditional

speech and

language

therapy

NA BADE 8

Kesav

et al. (20)

20 IG:

11 CG:

9

IG 56.27± 11.62

CG 48.67± 11.83

30% IG 31.2± 31 (d)

CG 29.3± 30 (d)

Broca(50%)

Wernicke(25%)

Anomic(15%)

Transcortical

sensory

aphasia(10%)

WAB-AQ

IG: 32.4± 25.8

CG:45.1±

28.4

NA Computer-

based therapy

combined with

traditional

therapy

120

min/session, 3

session a week

for 4 weeks

Traditional

speech and

language

therapy

8 weeks WAB 6

Palmer

et al. (21)

33 IG:

16 CG:

17

IG 69.5± 12.2

CG 66.2± 12.3

36.4% IG 6.2 (y)

CG 6.6 (y)

Fluent: 6 Non

fluent: 25 Global:

2

Mild: 20

Moderate: 9

Severe: 4

Home Computer

word finding

training

at least 20min

3 days a week

for 5 months

Usual care 3month The change in

word retrieval

ability

5
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Palmer

et al. (22)

169

IG: 83

CG: 71

IG 64.9± 13.0

CG 63.8± 13.1

39% IG 2.9± 2.9 (m)

CG 3.6± 4.8 (m)

Non-fluent: 61

Fluent: 10

Mixed

non-fluent: 31

Anomic: 52

Severity of

word finding

difficulty

Mild: 44%

Moderate: 30%

Severe: 26%

Home Computer

word finding

training

combined with

usual care

20–

30min/session,

7 sessions a

week for 6

month

Paper-

based

puzzle book

activities

and usual

care

6month Picture

naming test of

100 personally

relevant

words;

functional

communication

ability;

COAST

8

Spaccavento

et al. (23)

22

IG: 13

CG: 9

IG 57.38± 9.23

CG 64.11± 15.04

27% IG 25.92± 25.99

(d)

CG 20± 10.66

(d)

Global: 9

Broca: 8

Wernicke’s: 1

Transcortical

sensory: 2

Anomic: 2

Severe

Aphasia: 12

Moderate

Aphasia: 10

Clinic Computer-

based

therapy

50min/session,

5 days a week

for 8 weeks

Traditional

therapist-

mediated

treatment

NA AAT:

FOQ-A:

QLQA

6

Doesborgh

et al. (24)

18

IG: 8

CG: 10

IG 62± 9

CG 65± 12

50% >11 (m) NA NA Clinic Computer-

based

therapy

30–40min a

session, 2–3

sessions a week

for 8 weeks

No

treatment

NA BNT;

ANELT-A

6

Katz and

Wertz

(25)

40

IG: 21

CG: 19

IG 61.6± 10

CG 64.4± 6

20% IG 6.2± 5.2 (y)

CG 5.4± 4.6 (y)

NA WAB-AQ

IG:68.9± 24.3

CG:72.2±

24.8

clinic Reading

Treatment

Software

3 hours a

week, for 26

weeks

Computer

stimulation

NA PICA;

WAB-AQ

4

Cherney

et al. (26)

32

IG: 19

CG: 13

IG 58.27± 18.55

CG 55.19± 11.46

40.6% IG 39.75± 40.76

(m)

CG 60.97± 30.19

(m)

Fluent: 18

Non-fluent:14

WAB-AQ

IG: 59.21±

18.07

CG: 62.76±

16.81

Home Computer-

based

treatment

90 minutes a

day, six days a

week for six

weeks

Computer

game,

Bejeweled

2©

6 weeks WAB-LQ 5

IG Intervention group; CG Control group; m, months; d, days; y, years; WAB, Western Aphasia Battery; R, Revised; AQ, Aphasia Quotient; CQ, Cortical Quotients; LQ, Language Quotients; SAQOL, Stroke and Aphasia Quality of Life Scale; CIU, correct information

units; BADE, Boston Diagnostic Aphasia Examination; COAST, Communication Outcomes After Stroke questionnaire; AAT, Aachener Aphasia Test; FOQ-A, Italian Version of Functional Outcome Questionnaire for Aphasia; QLQA, Quality of Life Questionnaire

for Aphasics; BNT, Boston Naming Test; ANELT-A, Amsterdam Nijmegen Everyday Language Test; PICA, The Porch Index of Communicative Ability; CETI, Communicative Effectiveness Index; ASHA-FACS, Functional Assessment of Communication Skills for

Adults; CAT, Comprehensive Aphasia Test; CTPD, Cookie Theft Picture Description.
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TABLE 2 Characteristics of quasi-experimental studies.

R
e
fe
re
n
c
e
s

S
tu
d
y
d
e
si
g
n

S
a
m
p
le

si
z
e

A
g
e
(y
e
a
r)

S
e
x
(f
e
m
a
le
)

(%
)

P
o
st
-s
tr
o
k
e

d
u
ra
ti
o
n

(d
/m

/y
)

T
y
p
e
o
f

a
p
h
a
si
a

S
e
v
e
ri
ty

o
f

a
p
h
a
si
a

In
te
rv
e
n
ti
o
n

a
d
d
re
ss

In
te
rv
e
n
ti
o
n

S
e
ss
io
n
,

d
u
ra
ti
o
n

c
o
n
tr
o
l

F
o
ll
o
w

u
p

O
u
tc
o
m
e

m
e
a
su

re
s

Archibald

et al. (27)

Self-controlled

study

8 71± 11.1 25% 48.3± 53.27

(m)

Broca’s:2

Anomic:3

Conduction:2

Global:1

WAB-AQ

60.29± 33.37

Home/clinic Computer-

based

therapy

At least

1 hour/week,

15 weeks

NA NA WAB; CETI;

ASHA-FACS

Choi

et al. (28)

Self-controlled

study

8 50.75± 8.3 50% 29.8± 25 (m) Broca’s:2

Wernicke’s:3

mixed

transcortical:1

anomic:1

Global:1

K-WAB-AQ

49.6± 26.38

Home Ipad-based

therapy

The number of

treatments is

not clear, 4

weeks

NA One

month

K-WAB-AQ

Zettin

et al. (29)

Self-controlled

study

7 46± 7.7 57% 49.7± 35.7

(m)

Non fluent: 7 WAB-AQ

42.1± 16.1

Home/clinic Computer-

based

therapy

90min per

day, 5days a

week for

6weeks.

NA NA WAB; BNT;

picture

description task

Kurland

et al. (30)

Self-controlled

study

21 66± 8.4 38% 29.3± 37.1

(m)

NA Mild:8

Moderate:9

Severe:4

Home Tablet-Based

Home Practice

At least

20min,

5–6 days per

week, for 6

months

NA 4

months

Percent accuracy

on naming.

Stark and

Warburton

(31)

Cross-over

study

7 63.6± 13.88 37.5% 36.2± 25 (m) NA NA Home Self-delivered

iPad speech

therapy

20min a

session,

7 days per

week, for 4

weeks

Computer

game,

Bejeweled©

6

month

CAT; content

unit

production

and rate of

speech on

the CTPD.

IG, Intervention group; CG, Control group; m, months; d, days; y, years; WAB,Western Aphasia Battery; R, Revised; AQ, Aphasia Quotient; CQ, Cortical Quotients; LQ, Language Quotients; SAQOL, Stroke and Aphasia Quality of Life Scale; CIU, correct information

units; BADE, Boston Diagnostic Aphasia Examination; COAST, Communication Outcomes After Stroke questionnaire; AAT, Aachener Aphasia Test; FOQ-A, Italian Version of Functional Outcome Questionnaire for Aphasia; QLQA, Quality of Life Questionnaire

for Aphasics; BNT, Boston Naming Test; ANELT-A, Amsterdam Nijmegen Everyday Language Test; PICA, The Porch Index of Communicative Ability; CETI, Communicative Effectiveness Index; ASHA-FACS, Functional Assessment of Communication Skills for

Adults; CAT, Comprehensive Aphasia Test; CTPD, Cookie Theft Picture Description.
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2.5 Quality assessment

The Cochrane bias risk tool will be employed to analyze the risk

of bias in the included randomized controlled trials (See content 1

in the Additional file for detailed judging details) (32). Evaluation of

Six Bias Domains: Selection bias, Performance bias, Detection bias,

Attrition bias, Reporting bias, and Other potential sources of bias.

If <1 domain is assessed as high risk (-), the study is considered

as low risk. If one or two domains are assessed as high risk (-) or

unclear (?), the study is considered as medium risk. If more than

two domains are assessed as high risk (-) or unclear (?), the study is

considered as high risk (33). The quality of the included literature

strictly followed the PEDro scale, which consists of 11 entries out of

10 points. Studies with a total score of≥7 points will be classified as

high quality, those with scores between 5 and 6 points as moderate

quality, and those with scores≤4 points as low quality. Assessment

of Quasi-Experimental Studies Using the TREND (Transparent

Reporting of Evaluations with Non-randomized Designs) Checklist

(34, 35). This checklist comprises 22 items assessing the quality of

titles and abstracts, introduction, methods, results, and discussion

sections across five domains. The assessment will be carried out by

two reviewers, and if consensus cannot be reached between them, a

third reviewer will make the final decision.

3 Results

3.1 Study selection

After the initial search, a total of 1,391 documents were

obtained. Through manual searching of the reference lists of

the included literature, two additional papers were additionally

identified. Subsequently, a full-text review of this literature was

conducted, and a total of 89 studies met the review criteria.

Ultimately, 10 randomized controlled trials, four self-controlled

trail and one cross-over trial design study met the inclusion criteria

for this study. The flow chart for literature screening is shown in

Figure 1.

3.2 Quality of the studies

Ten randomized controlled trial studies were assessed for risk

of bias and evaluated qualitatively. The results of the risk of bias

analysis indicated that five studies performed random sequence

generation, three studies described a hidden random allocation

scheme, no studies blinded subjects and trial personnel due to the

specificity of the trial intervention, six studies reported blinding

the outcome assessor, and four studies demonstrated a low risk

of attrition bias. Comparing the methodology of each study, only

four studies had low reporting bias. Figures 2 and 3 depict total

risk of bias plots for all randomized controlled trials, with one

study at low risk and the remaining nine studies judged to be

at high risk. By qualitative evaluation, three studies were of high

quality, six studies were of moderate quality, and one study was of

poor quality (details see Supplementary Table S2). Determining the

quality of quasi-experimental studies is challenging, as evidenced

by significant score disparities obtained using the TREND checklist.

Evaluation using the TREND checklist revealed that included

quasi-experimental studies performed well in aspects such as Title

and Abstract (all studiesmet criteria), Background (all met criteria),

Participants (eligibility criteria for participants), Intervention, Unit

of Assignment, and Unit of Analysis. However, they showed

poor performance in reporting results (patient registration and

screening reports, adverse events, data analysis, follow-up, etc.) and

discussion (see Supplementary Table S3).

3.3 Study characteristics

The characteristics of the 10 included randomized controlled

studies are listed in Table 1. The sample size ranged from 18 to 169

individuals and covered a total of 441 subjects. The experimental

group containing 224 subjects and the control group containing

217 subjects. In addition, 34.27% of the subjects were female, while

the mean duration of stroke varied between 25 days and 6 years.

The daily duration of the intervention varied between 20min and

2 h, the intervention period varied from 4 weeks to 6 months,

and the follow-up period was from 2 weeks to 6 months. Table 2

gives the characteristics of the four self-controlled studies and one

cross-over experimental design study.

3.4 Characteristics of intervention
component

3.4.1 Single-component interventions
Eight studies used a single component of program intervention,

focusing on 1–2 aspects of language. Of these, 3 studies used

a method in which a person with aphasia watched an in-

computer speech therapist read sentences and follow along (18,

26, 29). Four studies used interventions that targeted naming

functions (21, 22, 24, 30). For example, Palmer et al. (22)

designed a computer program containing 100 words related

to the subject and had participants perform word-finding

training. One other study focused on intervention methods in

reading (25).

3.4.2 Multi-component interventions
Seven studies used therapeutic procedures oriented toward

multiple aspects of language (17, 19, 20, 23, 27, 28, 31).

These treatments include auditory comprehension, reading

comprehension, repetition, naming, and writing et al. These

treatments address various aspects of language comprehension,

naming, repetition, and spontaneous language.

3.5 General overview of technology

These studies primarily employed two types of technology:

computers (in a total of 11 studies) and tablet devices (in

a total of four studies). Compared to traditional face-to-

face therapist-led interventions, computer and tablet-based

interventions offer the advantage of structured difficulty
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FIGURE 1

PRISMA flow chart.

FIGURE 2

Risk of bias graph.

progression and the ability to adjust difficulty levels based on

participants’ training performance. In this regard, 8 studies

provided detailed descriptions of the difficulty levels within

their treatment programs. Furthermore, computer- and tablet-

based therapy programs typically provide only a single type

of feedback. In this regard, only six studies have reported

how computers provide feedback on the training performance

of patients with aphasia, usually by providing feedback on

how well the patient answered questions correctly. A detailed

description of the content of the intervention can be found in the

Supplementary Table S5.

3.6 E�ects of interventions

3.6.1 Overall language function
A total of 10 studies assessed the effect of intervention

components on overall speech function improvement.

Measurement tools used included the WAB, the AAT, and

the BADE. Detailed results of the included literature (see

Supplementary Table S4).

Eight of these 10 studies found that mobile application-

based intervention content was effective in improving the overall

speech performance of individuals with aphasia. The intervention
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FIGURE 3

Risk of bias summary. + indicates low risk, - indicates high risk, ?

indicates unclear risk of bias.

methods used in these studies varied, with four of the studies

utilizing a multi-component intervention approach. Additionally,

four studies used a single-component intervention. Among these

four studies, three studies utilized computer-based therapy with the

imitation of a language therapist for reading tasks (18, 26, 29). One

study used a reading function-specific approach (25). Of these eight

studies, two found that the mobile application-based treatment

was superior to the control group, with improvements in post-

intervention language performance showing significant differences

between groups. Katz andWertz (25) reported a significant increase

in WAB-AQ scores (p < 0.008) for computer-based reading

software training compared to an active control group (computer

stimulation). Braley et al. (17) found a significant improvement

in WAB-R-AQ scores (p < 0.05) for 10 weeks of iPad-based SLT

compared to home practice booklet training. Among these eight

studies, four studies observed significant differences in overall

language performance within the experimental group before and

after treatment. However, no significant differences were observed

when comparing between the experimental and control groups.

Of these 10 studies, two found that the intervention component

of the experimental group failed to significantly improve language

performance in aphasic patients. In one of these studies, although

a significant difference between groups was found, the control

group (using a traditional therapist intervention) showed a more

significant improvement.

3.6.2 Functional communication skills
Five studies assessed the impact of mobile application-

based intervention methods on functional communication skills.

The assessment instruments used were highly variable and

included The Functional Assessment of Communication Skills

for Adults, functional communication ability (using the activity

scale of the Therapy Outcome Measures), Functional Outcome

Questionnaire for Aphasia (FOQ-A), The Porch Index of

Communicative Ability(PICA), Amsterdam Nijmegen Everyday

Language Test (ANELT).

Of the five studies, two noted that functional communication

skills improved after the intervention but were not significantly

different from the control group, one used a blank control and the

intervention was a single-content intervention (naming training),

and one used a negative control and the intervention used was a

multi-component intervention.

One study found that the experimental group’s communication

skills improved significantly after the intervention, with a

significant difference between the groups (25). The two studies

found no significant improvement in the experimental group’s

communication skills after the intervention, which used a

multi-component intervention approach and a single-component

intervention (word find).

3.6.3 Spontaneous language
Three studies evaluated the impact of a mobile application-

based intervention approach on spontaneous language production

ability. In terms of evaluation, all of these studies used methods

that described pictures and counted the number and frequency

of words produced. Two of the studies used a non-randomized

controlled study design and showed a significant increase in the

number and frequency of words produced by people with aphasia

after the intervention (29, 31). One other study used a randomized

controlled trial design and found an increase in the number and

frequency of words produced in the computer-based intervention

group compared to the wait-for-treatment group, but there was no

significant difference between the two groups (18).

3.6.4 Naming ability
Five studies evaluated the effects of mobile application-based

interventions on naming ability. Four studies found significant

improvements in naming ability in individuals with aphasia

following mobile application-based interventions. Two of these

studies found significant differences in naming ability between
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groups using a single-component intervention method (word

finding training). Two self-controlled studies found significant

improvements in naming ability after the intervention. One RCT

found no significant differences in naming ability between the

experimental group and a blank control group after computer-

based cued naming training.

3.6.5 Quality of life
Three studies assessed the impact of mobile application-based

interventions on quality of life. Two studies noted significant

improvements in quality of life after the intervention, but there

were no significant differences between groups compared to the

control group, and one study found no significant improvement in

quality of life after the intervention.

3.6.6 Maintaining the e�ect
Eight studies explored the effects of mobile application-based

interventions on the maintenance of efficacy, with two self-

controlled studies and one crossover pilot study reporting the

ability to maintain improvements in WAB-AQ (p=0.206), naming

ability, and expressive ability in spontaneous speech in patients

with aphasia after the time of follow-up (1, 4, and 6 months,

respectively) (28, 30, 31). Three randomized controlled studies have

found that WAB, naming ability in patients with aphasia was found

to maintain its improvement at 6 weeks, 3 months, and 6 months

of follow-up (21, 22, 26).

4 Discussions

Interventions based on mobile applications have gained

increasing popularity for individuals with aphasia, primarily

utilizing computers and tablets. These electronic devices have

become integral to people’s lives and have also brought convenience

to rehabilitation therapy. Among the studies included, 66% allowed

aphasic patients to use software for training at home, while

therapist involvement during clinic-based training was primarily

focused on addressing technical issues rather than guiding the

therapy process. This underscores the potential for individuals with

aphasia to engage in speech-language therapy either independently

or with minimal assistance. A systematic review of 10 randomized

controlled trials, four pre-post controlled studies, and one

crossover trial indicates a high risk of bias. Heterogeneity of

applications, varied outcome measures, differing intervention

intensities, variations in aphasia onset times and severity, result

in diverse study outcomes. This makes it challenging to assess

and conduct meta-analyses across studies (36). Most of the studies

had selection bias, all randomized controlled trials used random

allocation, while five of them did not specify the exact method of

randomization (18, 20, 23, 25, 26), leading to uncertain risks, and

70% of studies did not conceal allocation. There were no studies

describing blinding of subjects, thus introducing performance bias.

Monitoring bias had a better performance with 8 studies reporting

assessor blinding, but 2 did not describe blinding procedures

(18, 25). The five non-randomized controlled studies showed

significant bias, lacking random allocation (27–31). Furthermore,

according to the TREND report, none of the 5 studies described

blinding. Thus, overall high bias across all studies is unfavorable

for determining the effectiveness of mobile application-based

speech-language therapy. However, overall, mobile application-

based SLT holds significant promise and potential for improving

the performance of individuals with aphasia.

The results of the study revealed that eight studies indicated the

effectiveness of mobile application-based speech-language therapy

(SLT) in improving the overall language functioning of individuals

with aphasia. Of these, four studies showed no significant difference

in improvement between the intervention and control groups.

Mobile application-based therapy shows promise in enhancing

language function; however, it is uncertain whether it is superior

to the effects of traditional therapy. There were inconsistent

results from five studies regarding whether mobile application-

based therapy could produce transferable effects in terms of

communicative and expressive language skills.

Four of the 10 RCTs compared mobile application-based

speech-language therapy with Speech therapist (ST)-mediated

therapy (19–21, 23). These studies aimed to explore whether

computer-based interventions were comparable or potentially

superior to face-to-face ST interventions. Among these, 3 studies

found that computer-based interventions had outcomes for aphasic

patients that were either better than or non-inferior to those of

ST-mediated treatment. However, a study by Kesav et al. (20)

reported that a regimen of three sessions per week for 60min of ST

treatment was more effective than a schedule of three sessions per

week for 120min of computer-based treatment. This discrepancy

could potentially be attributed to the relative unfamiliarity of

the included aphasic patients with computer programs (20). The

study by Kesav et al. (20) did not provide detailed descriptions

of the feedback mechanisms and patient compliance related to

computer-based treatment. Personalized therapy and feedback are

crucial factors for enhancing treatment efficacy (37). However,

in our study, only 40% of the reports mentioned the feedback

methods used in mobile application-based interventions, and these

feedback mechanisms typically displayed errors made by patients

during training. This type of feedback is relatively limited compared

to the feedback provided by ST. Future research could explore

whether more diverse feedback methods might have an impact on

treatment outcomes.

Treatments that can be delivered at home can reduce the

financial burden on patients and provide a higher intensity of

treatment. Several studies have emphasized the need for intensive

treatment programs for aphasia (38, 39). According to a network

meta-analysis, the greatest gains in overall language proficiency

were associated with >20 h of SLT (40). Breitenstein et al. observed

that engaging in ≥10 h of intensive speech-language therapy per

week for 3 weeks effectively improved communication skills in

patients with chronic aphasia (41). Clearly, delivering therapy

through mobile applications enables patients to achieve higher

treatment intensity while participating in independent treatment.

However, among the studies we included, only one managed to

reach a treatment intensity of ≥10 h per week. Cherney et al.

(26) founded that engaging in computer-based language imitation

therapy six times per week, with each session lasting 90min,
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effectively enhanced the overall language abilities of the patients.

However, the training effects did not show significant differences

when compared to the control group. This could potentially be

attributed to the fact that the control group utilized computer

games designed for memory and attention training. Training

focused on cognitive functions might also lead to improvements in

language abilities among individuals with aphasia (42). Therefore,

it remains uncertain whether intensive, application-based SLT

effectively enhances language function in individuals with aphasia.

Additionally, application-based interventions offer a cost-effective

supplemental approach that can address the limitations of high-

intensity, in-clinic speech therapy for individuals who face

challenges in accessing such treatment (43).

From the studies we included, the interventions can be

divided into two main types: single-component interventions and

multi-component interventions. Single-component interventions

primarily focus on naming abilities. For instance, Palmer

et al. (22) found that computer-based word retrieval training

effectively improved naming abilities in individuals with aphasia,

but did not significantly enhance their communicative skills.

This might be attributed to the narrow focus of the training

content. In contrast, Spaccavento et al. (23) employed a

computer-based multi-component intervention, which resulted

in significant improvements in the communicative abilities of

aphasic patients post-treatment. However, as there have been

no studies directly comparing the effectiveness of these two

types of interventions, we cannot conclude whether there is a

difference in the improvement effects between single-component

and multi-component interventions. Additionally, the extent to

which training effects can transfer to other functional aspects

requires further investigation. Similar to findings in studies related

to post-stroke motor function, where motor training improved

motor skills but had limited effects on overall quality of life

and daily functioning, it remains important to determine the

potential for transfer effects in aphasia interventions (44, 45).

In conclusion, further research is needed to delve into the

differences in improvement effects between single-component and

multi-component interventions, in order to better inform the

application ofmobile application-based speech-language therapy in

clinical practice.

5 Limitation

The sample sizes of the included studies were generally small,

ranging from 7 to 169 individuals, with∼66% of the studies having

a sample size of <30 individuals. This small sample size may be

related to the difficulty of recruiting people with aphasia. However,

smaller sample sizes may affect the assessment of treatment effects.

In addition, there was variability in the duration of post-stroke in

aphasia patients in the included studies, with ∼73% of the studies

including patients with chronic aphasia, so there is uncertainty

about the benefit of treatment for patients with different stages

of aphasia. Another challenge was the wide variation in the

intervention components used in the included studies, which

made it difficult to compare and synthesize the findings. Finally,

only eight studies explored the effect of mobile application-based

intervention methods on the maintenance of efficacy, with follow-

up times ranging from 2 weeks to 6 months, with an average of

approximately 12 weeks. However, this follow-up period may be

too short to effectively assess whether intervention approaches are

able to maintain language functioning in people with aphasia over

an extended period of time.

6 Recommendations for research

With regard to the many shortcomings and deficiencies of

CSLT research, based on these studies, future researchers can

develop a more rigorous and standardized procedure to validate

the significance of CSLT beyond traditional face-to-face speech

therapy. In this procedure, several aspects need consideration:

the types and severity of aphasia; the optimal treatment stages

of aphasia; maintenance therapy in chronic phases; the best

monitoring of naming, perception, communication performance,

social participation, and wellbeing; the definition of appropriate

control groups; the efficacy and maintenance of intensified therapy;

and the management of patient attention and feedback control

interference. It is worth noting that the cost-effectiveness of CSLT

is not publicly available and requires separate investigation.

7 Conclusion

The findings of this systematic review suggest that mobile

application-based interventions for aphasia hold promise in

improving overall language function. However, uncertainties

remain regarding the improvement in functional communication

abilities and whether gains in naming abilities can transfer to

untrained objects. The efficacy of single-component interventions

cannot be directly compared to multi-component interventions.

Nonetheless, overall, mobile application-based interventions

show positive prospects for enhancing speech-language function

in aphasia.

Data availability statement

The datasets presented in this study can be found in

online repositories. The names of the repository/repositories

and accession number (s) can be found in the

article/Supplementary material.

Author contributions

ZJ: Writing – original draft, Software, Methodology,

Investigation, Formal Analysis, Data curation, Conceptualization.

MH: Writing – review & editing, Supervision, Investigation.

CZ: Writing – review & editing, Supervision, Software,

Investigation. XC: Writing – review & editing, Visualization,

Supervision, Resources, Project administration, Funding

acquisition, Conceptualization.

Frontiers inNeurology 10 frontiersin.org

https://doi.org/10.3389/fneur.2024.1405209
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Jiang et al. 10.3389/fneur.2024.1405209

Funding

The author(s) declare that financial support was received for the

research, authorship, and/or publication of this article. Shanghai

Municipal Health Commission (202240256); Shanghai Clinical

Research Center of Rehabilitation Medicine (21MC1930200);

Huadong Clinical Research Center of Rehabilitation Medicine

(LCZX2206); Collaborative project on post-stroke aphasia research

(Horizontal Project of Huadong Hospital).

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those

of the authors and do not necessarily represent those of

their affiliated organizations, or those of the publisher,

the editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the

publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fneur.2024.

1405209/full#supplementary-material

References

1. Benghanem S, Rosso C, Arbizu C, Moulton E, Dormont D, Leger A, et al. Aphasia
outcome: the interactions between initial severity, lesion size and location. J Neurol.
(2019) 266:1303–9. doi: 10.1007/s00415-019-09259-3

2. Lazar RM, Boehme AK. Aphasia as a predictor of stroke outcome. Curr Neurol
Neurosci Rep. (2017) 17:83. doi: 10.1007/s11910-017-0797-z

3. Engelter ST, Gostynski M, Papa S, Frei M, Born C, Ajdacic-Gross
V, et al. Epidemiology of aphasia attributable to first ischemic stroke:
incidence, severity, fluency, etiology, and thrombolysis. Stroke. (2006)
37:1379–84. doi: 10.1161/01.STR.0000221815.64093.8c

4. Laska AC, Hellblom A, Murray V, Kahan T, Von Arbin M. Aphasia
in acute stroke and relation to outcome. J Intern Med. (2001) 249:413–
22. doi: 10.1046/j.1365-2796.2001.00812.x

5. Hilari K, Byng S. Health-related quality of life in people with severe aphasia. Int J
Lang Commun Disorders. (2009) 44:193–205. doi: 10.1080/13682820802008820

6. Darrigrand B, Dutheil S, Michelet V, Rereau S, Rousseaux M, Mazaux
JM. Communication impairment and activity limitation in stroke patients with
severe aphasia. Disabil Rehabil. (2011) 33:1169–78. doi: 10.3109/09638288.2010.
524271

7. Ashaie SA, Hurwitz R, Cherney LR. Depression and subthreshold
depression in stroke-related aphasia. Arch Phys Med Rehabil. (2019)
100:1294–9. doi: 10.1016/j.apmr.2019.01.024

8. Rombough RE, Howse EL, Bartfay WJ. Caregiver strain and caregiver burden of
primary caregivers of stroke survivors with and without aphasia. Rehabil Nurs. (2006)
31:199–209. doi: 10.1002/j.2048-7940.2006.tb00136.x

9. Cook R, Davidson P, Martin R. Computerised speech and language therapy
can help people with aphasia find words following a stroke. BMJ. (2020)
368:m520. doi: 10.1136/bmj.m520

10. Flöel A. Computerised speech and language therapy in post-stroke aphasia. The
Lancet Neurology. (2019) 18:806–7. doi: 10.1016/S1474-4422(19)30199-1

11. Zhou QM, Lu X, Zhang Y, Sun ZH, Li JN, Zhu ZD. Telerehabilitation combined
speech-language and cognitive training effectively promoted recovery in aphasia
patients. Front Psychol. (2018) 9:2312. doi: 10.3389/fpsyg.2018.02312

12. Gerber SM, Schütz N, Uslu AS, Schmidt N, Röthlisberger C, Wyss P,
et al. Therapist-guided tablet-based telerehabilitation for patients with aphasia:
proof-of-concept and usability study. JMIR Rehab Assist Technol. (2019)
6:e13163. doi: 10.2196/13163

13. Mallet K, Shamloul R, Pugliese M, Power E, Corbett D, Hatcher S,
et al. RecoverNow: A patient perspective on the delivery of mobile tablet-
based stroke rehabilitation in the acute care setting. Int J Stroke. (2019) 14:174–
9. doi: 10.1177/1747493018790031

14. Lavoie M, Macoir J, Bier N. Effectiveness of technologies in the treatment
of post-stroke anomia: a systematic review. J Commun Disord. (2017) 65:43–
53. doi: 10.1016/j.jcomdis.2017.01.001

15. Repetto C, Paolillo MP, Tuena C, Bellinzona F, Riva G. Innovative technology-
based interventions in aphasia rehabilitation: a systematic review. Aphasiology. (2021)
35:1623–46. doi: 10.1080/02687038.2020.1819957

16. Russo MJ, Prodan V, Meda NN, Carcavallo L, Muracioli A, Sabe
L, et al. High-technology augmentative communication for adults with
post-stroke aphasia: a systematic review. Expert Rev Med Devices. (2017)
14:355–70. doi: 10.1080/17434440.2017.1324291

17. Braley M, Pierce JS, Saxena S, De Oliveira E, Taraboanta L, Anantha V, et al.
A virtual, randomized, control trial of a digital therapeutic for speech, language,
and cognitive intervention in post-stroke persons with aphasia. Front Neurol. (2021)
12:626780. doi: 10.3389/fneur.2021.626780

18. Cherney LR. Oral reading for language in aphasia (ORLA): evaluating the efficacy
of computer-delivered therapy in chronic nonfluent aphasia. Top Stroke Rehabil. (2010)
17:423–31. doi: 10.1310/tsr1706-423

19. Elhakeem ES, Saeed S, Elsalakawy RNA, Elmaghraby RM, Ashmawy
G. Post-stroke aphasia rehabilitation using computer-based Arabic software
program: a randomized controlled trial. Egyptian J Otolaryngol. (2021)
37:144. doi: 10.1186/s43163-021-00144-3

20. Kesav P, Vrinda SL, Sukumaran S, Sarma PS, Sylaja PN. Effectiveness of speech
language therapy either alone or with add-on computer-based language therapy
software (Malayalam version) for early post stroke aphasia: a feasibility study. J Neurol
Sci. (2017) 380:137–41. doi: 10.1016/j.jns.2017.07.010

21. Palmer R, Enderby P, Cooper C, Latimer N, Julious S, Paterson G, et al.
Computer therapy compared with usual care for people with long-standing
aphasia poststroke a pilot randomized controlled trial. Stroke. (2012) 43:1904–
11. doi: 10.1161/STROKEAHA.112.650671

22. Palmer R, Dimairo M, Cooper C, Enderby P, Brady M, Bowen A, et al.
Self-managed, computerised speech and language therapy for patients with chronic
aphasia post-stroke compared with usual care or attention control (Big CACTUS):
a multicentre, single-blinded, randomised controlled trial. The Lancet Neurol. (2019)
18:821–33. doi: 10.1016/S1474-4422(19)30192-9

23. Spaccavento S, Falcone R, Cellamare F, Picciola E, Glueckauf RL.
Effects of computer-based therapy versus therapist-mediated therapy in
stroke-related aphasia: Pilot non-inferiority study. J Commun Disord. (2021)
94:106158. doi: 10.1016/j.jcomdis.2021.106158

24. Doesborgh S, van de Sandt-Koenderman M, Dippel D, van Harskamp
F, Koudstaal P, Visch-Brink E. Cues on request: the efficacy of multicue,
a computer program for wordfinding therapy. Aphasiology. (2004) 18:213–
22. doi: 10.1080/02687030344000580

25. Katz RC, Wertz RT. The efficacy of computer-provided reading
treatment for chronic aphasic adults. J Speech Lang Hear Res. (1997)
40:493–507. doi: 10.1044/jslhr.4003.493

26. Cherney LR, Lee JB, Kim KA, van Vuuren S. Web-based oral reading for
language in aphasia (Web ORLA( R©)): a pilot randomized control trial. Clin Rehabil.
(2021) 35:976–87. doi: 10.1177/0269215520988475

27. Archibald LM, Orange JB, Jamieson DJ. Implementation of computer-
based language therapy in aphasia. Ther Adv Neurol Disord. (2009) 2:299–
311. doi: 10.1177/1756285609336548

28. Choi YH, Park HK, Paik NJ, A. Telerehabilitation approach for chronic aphasia
following stroke. Telemed J E Health. (2016) 22:434–40. doi: 10.1089/tmj.2015.0138

Frontiers inNeurology 11 frontiersin.org

https://doi.org/10.3389/fneur.2024.1405209
https://www.frontiersin.org/articles/10.3389/fneur.2024.1405209/full#supplementary-material
https://doi.org/10.1007/s00415-019-09259-3
https://doi.org/10.1007/s11910-017-0797-z
https://doi.org/10.1161/01.STR.0000221815.64093.8c
https://doi.org/10.1046/j.1365-2796.2001.00812.x
https://doi.org/10.1080/13682820802008820
https://doi.org/10.3109/09638288.2010.524271
https://doi.org/10.1016/j.apmr.2019.01.024
https://doi.org/10.1002/j.2048-7940.2006.tb00136.x
https://doi.org/10.1136/bmj.m520
https://doi.org/10.1016/S1474-4422(19)30199-1
https://doi.org/10.3389/fpsyg.2018.02312
https://doi.org/10.2196/13163
https://doi.org/10.1177/1747493018790031
https://doi.org/10.1016/j.jcomdis.2017.01.001
https://doi.org/10.1080/02687038.2020.1819957
https://doi.org/10.1080/17434440.2017.1324291
https://doi.org/10.3389/fneur.2021.626780
https://doi.org/10.1310/tsr1706-423
https://doi.org/10.1186/s43163-021-00144-3
https://doi.org/10.1016/j.jns.2017.07.010
https://doi.org/10.1161/STROKEAHA.112.650671
https://doi.org/10.1016/S1474-4422(19)30192-9
https://doi.org/10.1016/j.jcomdis.2021.106158
https://doi.org/10.1080/02687030344000580
https://doi.org/10.1044/jslhr.4003.493
https://doi.org/10.1177/0269215520988475
https://doi.org/10.1177/1756285609336548
https://doi.org/10.1089/tmj.2015.0138
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Jiang et al. 10.3389/fneur.2024.1405209

29. Zettin M, Leopizzi M, Galetto V. How does language change after
an intensive treatment on imitation? Neuropsychol Rehabil. (2019) 29:1332–
58. doi: 10.1080/09602011.2017.1406861

30. Kurland J, Liu A, Stokes P. Effects of a tablet-based home practice program with
telepractice on treatment outcomes in chronic aphasia. J Speech Lang Hear Res. (2018)
61:1140–56. doi: 10.1044/2018_JSLHR-L-17-0277

31. Stark BC, Warburton EA. Improved language in chronic aphasia
after self-delivered iPad speech therapy. Neuropsychol Rehabil. (2018)
28:818–31. doi: 10.1080/09602011.2016.1146150

32. Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, et al. The
Cochrane Collaboration’s tool for assessing risk of bias in randomised trials. BMJ.
(2011) 343:d5928. doi: 10.1136/bmj.d5928

33. Winters M, Eskes M, Weir A, Moen MH, Backx FJ, Bakker EW. Treatment
of medial tibial stress syndrome: a systematic review. Sports Med. (2013) 43:1315–
33. doi: 10.1007/s40279-013-0087-0

34. Des Jarlais DC, Lyles C, Crepaz N. Improving the reporting quality of
nonrandomized evaluations of behavioral and public health interventions: the TREND
statement. Am J Pub Health. (2004) 94:361–6. doi: 10.2105/AJPH.94.3.361

35. Vlahov D. Transparent reporting of evaluations with nonrandomized designs
(TREND). J Urban Health. (2004) 81:163–4. doi: 10.1093/jurban/jth099

36. Pas HI,WintersM,HaismaHJ, KoenisMJ, Tol JL,MoenMH. Stem cell injections
in knee osteoarthritis: a systematic review of the literature. Br J Sports Med. (2017)
51:1125–33. doi: 10.1136/bjsports-2016-096793

37. Burke J, Palmer R, Harrison M. What are the factors that may influence
the implementation of self-managed computer therapy for people with long term
aphasia following stroke? A qualitative study of speech and language therapists’
experiences in the Big CACTUS trial. Disability and rehabilitation. (2022) 44:3577–
89. doi: 10.1080/09638288.2020.1871519

38. Worrall L, Foster A. Does intensity matter in aphasia rehabilitation? Lancet.
(2017) 389:1494–5. doi: 10.1016/S0140-6736(17)30546-9

39. Pierce JE, O’Halloran R, Menahemi-Falkov M, Togher L, Rose ML.
Comparing higher and lower weekly treatment intensity for chronic aphasia:
a systematic review and meta-analysis. Neuropsychol Rehabil. (2021) 31:1289–
313. doi: 10.1080/09602011.2020.1768127

40. Dosage, intensity, and frequency of language therapy for aphasia: a systematic
review-based, individual participant data network meta-analysis. Stroke. (2022)
53:956–67. doi: 10.1161/STROKEAHA.121.035216

41. Breitenstein C, Grewe T, Flöel A, Ziegler W, Springer L, Martus P, et al.
Intensive speech and language therapy in patients with chronic aphasia after stroke:
a randomised, open-label, blinded-endpoint, controlled trial in a health-care setting.
Lancet. (2017) 389:1528–38. doi: 10.1016/S0140-6736(17)30067-3

42. Nikravesh M, Aghajanzadeh M, Maroufizadeh S, Saffarian A, Jafari Z. Working
memory training in post-stroke aphasia: near and far transfer effects. J CommunDisord.
(2021) 89:106077. doi: 10.1016/j.jcomdis.2020.106077

43. Latimer NR, Bhadhuri A, Alshreef A, Palmer R, Cross E, Dimairo M, et al.
Self-managed, computerised word finding therapy as an add-on to usual care for
chronic aphasia post-stroke: an economic evaluation. Clin Rehabil. (2021) 35:703–
17. doi: 10.1177/0269215520975348

44. Yeh TT, Chang KC, Wu CY. The active ingredient of cognitive restoration: a
multicenter randomized controlled trial of sequential combination of aerobic exercise
and computer-based cognitive training in stroke survivors with cognitive decline. Arch
Phys Med Rehabil. (2019) 100:821–7. doi: 10.1016/j.apmr.2018.12.020

45. Miranda CS, Oliveira TP, Gouvêa JXM, Perez DB, Marques AP, Piemonte
MEP. Balance training in virtual reality promotes performance improvement but not
transfer to postural control in people with chronic stroke. Games Health J. (2019)
8:294–300. doi: 10.1089/g4h.2018.0075

Frontiers inNeurology 12 frontiersin.org

https://doi.org/10.3389/fneur.2024.1405209
https://doi.org/10.1080/09602011.2017.1406861
https://doi.org/10.1044/2018_JSLHR-L-17-0277
https://doi.org/10.1080/09602011.2016.1146150
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1007/s40279-013-0087-0
https://doi.org/10.2105/AJPH.94.3.361
https://doi.org/10.1093/jurban/jth099
https://doi.org/10.1136/bjsports-2016-096793
https://doi.org/10.1080/09638288.2020.1871519
https://doi.org/10.1016/S0140-6736(17)30546-9
https://doi.org/10.1080/09602011.2020.1768127
https://doi.org/10.1161/STROKEAHA.121.035216
https://doi.org/10.1016/S0140-6736(17)30067-3
https://doi.org/10.1016/j.jcomdis.2020.106077
https://doi.org/10.1177/0269215520975348
https://doi.org/10.1016/j.apmr.2018.12.020
https://doi.org/10.1089/g4h.2018.0075
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	The effect of mobile application-based technology on post-stroke aphasia: a systematic review
	1 Introduction
	2 Methods
	2.1 Search strategy
	2.2 Study selection
	2.3 Literature screening procedures
	2.4 Data extraction
	2.5 Quality assessment

	3 Results
	3.1 Study selection
	3.2 Quality of the studies
	3.3 Study characteristics
	3.4 Characteristics of intervention component
	3.4.1 Single-component interventions
	3.4.2 Multi-component interventions

	3.5 General overview of technology
	3.6 Effects of interventions
	3.6.1 Overall language function
	3.6.2 Functional communication skills
	3.6.3 Spontaneous language
	3.6.4 Naming ability
	3.6.5 Quality of life
	3.6.6 Maintaining the effect


	4 Discussions
	5 Limitation
	6 Recommendations for research
	7 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


