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a b s t r a c t

Objectives: This study aimed to systematically evaluate the effects of constraint-induced aphasia therapy
(CIAT) for aphasic patients reported by randomized controlled trials.
Methods: Relevant randomized controlled trials were retrieved from 11 electronic databases. A meth-
odological quality assessment was conducted in accordance with the Cochrane Handbook, and meta-
analyses were performed by using RevMan 5.2. A descriptive analysis was conducted when the
included trials were not suitable for a meta-analysis.
Results: A total of 12 trials were included. A statistically significant group difference was shown from the
meta-analysis in the results measured by the Western Aphasia Battery (random-effects model,
MD ¼ 1.23, 95% CI ¼ 0.31 to 2.14, P < 0.01). However, there were no statistically significant differences
shown in the results of the Boston Naming Test (fixed-effects model,MD ¼ �1.79, 95% CI ¼ �11.19 to 7.62,
P > 0.05) and Aachen Aphasia Test (fixed-effects model,MD ¼ �1.11, 95% CI ¼ �4.49 to 2.27, P > 0.05). The
descriptive analysis showed positive results in language performances of naming, repetition, and
comprehension.
Conclusion: This systematic review indicated that CIAT was efficient for improving language perfor-
mance with regard to naming, comprehension, repetition, written language, and oral language based on
the current evidence. And this review provides some meaningful guides for clinical practice: expand the
therapy duration to 2 or 3 h per day, focus on naming, and choose the best assessment tool. It also in-
dicates a need for more rigorous, large-scale, and high-quality trials in the future.
© 2020 The authors. Published by Elsevier B.V. on behalf of the Chinese Nursing Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
What is known?

� Constraint-induced aphasia therapy (CIAT), a noninvasive
treatment approach for aphasia, has attracted great interests in
therapists since it was developed in 2001, but there is a lack of
systematic review in recent years to explore its efficiency on the
patients with aphasia.
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What is new?

� We included studies that reported the CIAT in the intervention
group compared with conventional therapy and other speech
and language therapy in both English and Chinese electronic
databases.

� Our finding verified that CIAT was efficient for improving lan-
guage performance with regard to naming, comprehension,
repetition, written language, and oral language based on the
current evidence.

� This review provided some meaningful guides for clinical
practice: expand the therapy duration to 2 or 3 h per day, focus
on naming, and choose the best assessment tool.
1. Introduction

Aphasia is an acquired language disorder characterized by the
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inability to formulate or comprehend language, including verbal
expressions, auditory comprehension, reading and writing, and
functional communication [1e3]. Aphasia is usually caused by brain
injuries [4] and progressive neurological disorders [5], which
damage specific brain regions and affect the speech of patients on
semantic, phonological, morphological, and syntactic components.
The influence range depends on injured brain locations and
severity but is not related to the intelligence of patients with
aphasia [6]. However, aphasiamay result in impaired reasoning and
the inability to problem-solve [7]. Aphasia seems to deprive pa-
tients of the basic capacity of “freedom of expression”, which de-
stroys their abilities to be involved in normal life as before. It thus
makes patients disconnect with their social networks and hinders
them from returning back to work, which increases their social
support needs [8,9]. A recent comprehensive national audit data in
the United Kingdom reported that approximately 33% of the pa-
tients who suffered from stroke were diagnosed with aphasia [10].

There is a huge amount of rehabilitation treatment approaches
for aphasia in which speech and language therapy (SLT) is the most
frequently used therapy, including intensive therapy [11], melodic
intonation therapy [12], and constraint-induced aphasia therapy
(CIAT) [13]. CIAT, as a noninvasive treatment approach, has attrac-
ted great interests in therapists [14,15] since it was first developed
by Pulvermüller et al. [16] in 2001. CIAT primarily concentrates on
two principles of constraints (force patients to use verbal language)
and intensity (massed practice) due to patients with aphasia often
making the least effort in communication and even solely using
drawings or gestures instead of speaking out. Meanwhile, it is of
importance for CIAT to induce patients with aphasia to employ
words that they often neglect in order to enhance the treatment
effect [16]. Studies showed that high-intensity speech training can
stimulate the corresponding brain language regions of patients and
thus enable them to be gradually accustomed to normal language
communication [17,18]. Neuroimaging-related studies exploring
the change of brain areas concerning language and speech function
after the training of CIAT showed that the activated areas primarily
included the left hemisphere, such as left inferior frontal gyrus [19]
and left middle frontal gyrus [20], which are considered language
performance control regions.

However, the effects of CIAT on patients with aphasia are still
uncertain due to some inconsistent study results, especially for the
subtests of language performance. CIAT has been compared with
conventional therapy in two studies [16,21], in which conventional
therapy included repeating and recalling targeted words, naming
some pictures on paper, and answering some simple questions. The
results showed that patients receiving CIAT had significant im-
provements compared with patients receiving conventional ther-
apy in terms of naming, comprehension, and token test, but not in
repetition [16]. In the other study [21], there were no significant
improvements in all outcomes for patients in the CIAT group. In the
study by Wilssens et al. [22], researchers indicated that CIAT could
significantly improve verbal communication in terms of token test
and naming compared with the intensive semantic treatment
(BOX), but in the study by Kurland et al. [23], no significant dif-
ference was shown in terms of naming when comparing CIAT with
Promoting Aphasia Communication Effectiveness (PACE). In
Berthier’s study [24], participants with severe aphasia achieved
great improvements by combining CIAT training with Memantine.
Moreover, researchers focused not only on the effectiveness of CIAT
after stroke in the chronic phase, but also in the acute phase. The
results of the study of Woldag et al. [25] showed that CIAT in the
acute phase could work verywell for patients with aphasia solely in
Communication Activity Log-quality, but no significant improve-
ments were identified for the Aachen Aphasia Test (AAT).

A recent systematic review showed that CIAT may be useful for
improving patients with aphasia, but evidence was limited [26].
Therefore, it is necessary to include more high-quality studies in
order to identify the rehabilitation effects of CIAT among patients
with aphasia. We expanded the retrieved number of databases and
the ranges of language and time in order to obtain richer evidence.
The purpose of this review was thus to systematically evaluate the
effects of CIAT for aphasic patients reported by randomized
controlled trials.

2. Material and methods

This systematic review was performed according to the PRISMA
guidelines [27]. We wondered whether CIAT was more efficient
than conventional therapy and other speech and language thera-
pies such as BOX and PACE for patients with aphasia.

2.1. Inclusion and exclusion criteria

The inclusion criteria for studies to be included in this review
were: (1) Study: RCTs with or without blinding designs, (2) Par-
ticipants: participants were male and/or female adults aged 18
years old or above and were diagnosed with aphasia [28], (3)
Intervention and Control: CIAT with clear intervention time and
durationwas applied in the intervention group and compared with
the control group, (4) the included trials were evaluated at least one
of the primary outcomes including the Western Aphasia Battery
(WAB) assessing the severity of aphasia, the Aachen Aphasia Test
(AAT), the Boston Naming Test (BNT) and China Rehabilitation
Research Center Aphasia (CRRCAE) assessing language perfor-
mance; the secondary outcomes including Communication Activity
Log (CAL) and Communication Ability of Daily Living (CADL)
assessing language performance, (5) Language: articles written in
English or Chinese.

Studies were excluded in this review if 1) they were clinical case
reports, quasi-RCTs, reviews, or conference proceedings papers
and/or 2) CIAT was combined with other therapies in the inter-
vention group and/or 3) studies which explored that specific fea-
tures of ILAT/CIAT are (not) essential or that this method can be
(further) improved. Any disagreements about the excluded studies
were resolved by discussion between reviewers and further
assessments.

2.2. Data sources and search strategies

A computerized database search was performed by two re-
viewers in 11 electronic databases: PubMed, Embase, Cochrane
Central Register of Controlled Trials (CENTRAL), Allied and Alter-
native Medicine (AMED), Cumulative Index of Nursing and Allied
Health Literature (CINAHL), PsycINFO, Web of Science, China Na-
tional Knowledge Infrastructure (CNKI), Chinese Biomedical Liter-
ature Database (CBMdisc), WanFang Data, and Chinese Scientific
Journal Database (VIP) from each database’s inception to October
2019. Meanwhile, a manual search was also conducted to search for
eligible studies from the reference lists of the included studies. The
keywords and MeSH terms used for identifying “CIAT” involved
“constraint-induced aphasia therapy”, “constraint-induced lan-
guage therapy”, “constraint-induced speech therapy”, “intensive
language action therapy”, “CIAT”, and “ILAT”. The keywords used
for identifying “aphasia” included “aphasi*”, “dysphasi*”, “lan-
guage disorders”, and “speech disorders”. Appendix A lists the
search strategy for PubMed in this systematic review.

2.3. Data extraction and quality assessment

Data extraction and quality assessment were conducted
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independently by two reviewers. The characteristics of each
included trial were extracted using a data extraction form, which
included: 1) author(s) and publication year, 2) sample sizes of the
intervention and control groups; 3) the ages of the participants; 4)
the intervention protocols of each group, including therapy types
and intervention time and durations, and 5) outcome measures. A
methodological quality assessment of the included studies was
based on the Cochrane Handbook [29], which included: 1) random
sequence generation, 2) allocation concealment, 3) blinding of the
participants and personnel, 4) blinding of the outcome assess-
ments, 5) incomplete outcome data, 6) selective outcome reporting,
and 7) other bias. Each itemwas rated as “unclear risk”, “high risk”,
or “low risk”. Moreover, studies would be rated as the grade of A
when they fully met the quality standard; studies would be rated as
the grade of B when they partially met the quality standard; studies
would be rated as the grade of C when they did notmeet the quality
standard and had a high risk for bias in at least one item. Studies
with the grade of A and B would be included after the critical
appraisal [29]. Disagreements between the reviewers were solved
through discussion with the corresponding author.

2.4. Data analysis

The meta-analysis was conducted by using the Review Manager
5.2. Means and standard deviations of each outcome were extrac-
ted and pooled in order to obtain the mean differences (MD) and
95% confidence intervals (CI). Heterogeneity among studies was
assessed using I2. I2 was considered low heterogeneity when I2 was
less than 50.0%, moderate heterogeneity when I2 was between
50.0% and 75.0%, and high heterogeneity when I2 was more than
75.0%. The fixed-effect model was used to combine studies when
heterogeneity was not significant (P > 0.01). Otherwise, the
random-effect model was used to combine the studies. When
heterogeneity was high, the subgroup or sensitivity analysis would
be performed to investigate the potential sources of clinical het-
erogeneity and to test the reliability of the results. If a meta-analysis
was not appropriate, a descriptive analysis was employed to sum-
marize the studies.

3. Results

A total of 206 records were identified from the database and
manual search. A total of 65 duplicated papers were first removed,
then 72 papers were further excluded through reading the titles
and abstracts, including clinical case reports (n ¼ 15), reviews
(n ¼ 16), nonrandomized controlled trials (n ¼ 18), and ineligible
interventions (n ¼ 23). Among the remaining 69 records, full-texts
were retrieved to assess the eligibility, of which 56 papers were
finally removed because they were either clinical case reports
(n ¼ 6), reviews (n ¼ 8), conference proceedings papers (n ¼ 9),
nonrandomized controlled trials (n ¼ 16), or ineligible in-
terventions (n ¼ 18). Hence, 12 studies were identified for analysis
[16,21e23,25,30e36]. The process is shown as a flow chart in Fig. 1.

3.1. Characteristic of the included studies

The 12 studies, including seven in English and five in Chinese,
were published between 2001 and 2019. A total of 493 participants
ranging in age from 32 to 86 years were identified from the
included studies. Studies originated from the United Kingdom [16],
Australia [21], Belgium [22], Germany [25,30], the United States
[23,31], and China [32e36]. The intervention groups in all included
trials employed CIAT, while the control groups used three types of
therapies: conventional therapy [16,21,25,30,32e36], intensive se-
mantic treatment [22], Promoting Aphasia Communicative
Effectiveness [23], or no intervention [31]. The intervention dura-
tion ranged from 1 h to 4 h per day, of which two or 3 h per day was
adopted by the majority of studies. The included trials used various
outcome measurement tools to evaluate language performance,
and the most frequent objective tools were the BNT, the AAT, and
the WAB. More detailed information is shown in Table 1.

3.2. Quality assessment

Randomization was applied in all studies, whereas the genera-
tion methods of random sequences were described in nine studies
[16,21e23,25,30,31,35,36]. Three studies [22,25,31] described the
allocation concealment and the rest of studies did not describe it.
Two studies [16,33] presented the blinding of the participants and
personnel, while eight studies [16,21,23,25,30,31,33,35] showed the
blinding of outcome assessments. All included studies described
dropout and exclusion cases, of which four studies [21,23,25,31]
reported their dropout rates. All included studies had no selective
reporting. Moreover, all included trials could not be judged
whether they had other bias. All the included studies were rated as
the grade of B based on the methodological quality assessment
from the Cochrane Handbook. Fig. 2 and Fig. 3 show the details of
the methodological assessments of the included trials.

3.3. Therapeutic effects of CIAT for aphasia from the meta-analysis

Of the 12 included clinical trials, three studies [22,23,31] were
meta-analyzed with the BNT, two studies [22,30] were meta-
analyzed with the AAT, two studies [32,35] were meta-analyzed
with the WAB, and six studies [16,21,25,33,34,36] performed
descriptive analyses.

3.3.1. Evaluation of therapeutic effectiveness with the BNT
A total of 55 participants in three studies [22,23,31] were

measured using the BNT. The results of the meta-analysis indicated
that the BNT scores in the intervention group were not statistically
significant compared with those in the control group (fixed-effects
model, MD ¼ �1.79, 95% CI ¼ �11.19 to 7.62, P > 0.05) (see Fig. 4).

3.3.2. Evaluation of therapeutic effectiveness with the AAT
A total of 109 participants in two studies [22,30] were measured

using the AAT. The pooled results from the two studies showed that
the AAT scores in the intervention group were not significantly
higher than those in the control group (fixed-effects model,
MD ¼ �1.11, 95% CI ¼ �4.49 to 2.27, P > 0.05). Moreover, since the
AAT was divided into five dimensions (token test, comprehension,
repetition, written language, and naming), five subgroup analyses
were respectively performed. The results of the subgroup analyses
indicated that the scores of token test (fixed-effects model,
MD ¼ �0.60, 95% CI ¼ �5.68 to 4.47, P > 0.05), comprehension
(fixed-effects model, MD ¼ �4.34, 95% CI ¼ �12.58 to 3.91,
P > 0.05), repetition (fixed-effects model, MD ¼ 0.08, 95%
CI ¼ �11.88 to 12.03, P > 0.05), written language (fixed-effects
model, MD ¼ �1.96, 95% CI ¼ �9.08 to 5.16, P > 0.05), and naming
(fixed-effects model, MD ¼ 3.97, 95% CI ¼ �7.86 to 15.79, P > 0.05)
in the intervention group were not significantly higher compared
with those in the control group (see Fig. 5).

3.3.3. Evaluation of therapeutic effectiveness with the WAB
The severity of aphasia among 50 participants in two studies

[32,35] was measured by the WAB. The results of the meta-analysis
showed that the scores of the WAB (random-effects model,
MD¼ 1.23, 95% CI¼ 0.31 to 2.14, P < 0.01) in the intervention group
were significantly higher comparedwith those in the control group.
Considering that the two different dimensions of the WAB



Fig. 1. Flow chart of the studies selected for the systematic review.
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comprised naming and oral language, two subgroup analyses were
conducted. The naming scores (random-effects model, MD ¼ 1.85,
95% CI ¼ 1.18 to 2.51, P < 0.01) showed that these were statistically
higher in the intervention group than those in the control group,
whereas the scores of oral language (random-effects model,
MD ¼ 0.51, 95% CI ¼ �0.01 to 1.03, P > 0.05) in the intervention
group were not significantly higher compared with those in the
control group (see Fig. 6).
3.4. Therapeutic effects of CIAT for aphasia from the descriptive
analysis

Six studies [16,21,25,33,34,36] were inappropriate to conduct a
meta-analysis due to the different outcome measures and scales
used. Hence, a descriptive analysis was performed, which was
respectively divided into subgroup analyses according to the
subtests of language performance (naming, comprehension, and
repetition) and intervention durations (1-h intervention, 2-h
intervention, and 3-h intervention).
3.4.1. Evaluation of therapeutic effectiveness with subtests of
language performance

In terms of naming, comprehension, and repetition, Pulver-
müller et al. [16] andWoldag et al. [25] used the AAT to examine the
subtests of language performance. Pulvermüller et al. [16] has
shown that the CIAT groups scored significantly higher than the
control groups in terms of naming and comprehension, but not in
repetition. Woldag et al. [25] has shown that no significant differ-
ence was found in naming, comprehension, and repetition.

Lin et al. [33] and Zhao et al. [36] examined naming, compre-
hension, and repetition by using the CRRCAE, and both studies
found that patients receiving CIAT gained greater improvements



Table 1
Characteristics of the included trials.

Study Sample size (I/
C)

Aphasia cause Age (I/C) Intervention (time and duration) Outcome
measures

Pulvermüller
et al

2001 [16]

10/7 Chronic aphasia after Stroke 55.40 ± 10.86/54.29 ± 8.10 I: CIAT (3 h/d for 10 days)
C: CT (3 h/d for 4 weeks)

1.AAT
2.CAL

Ciccone et al
2015 [21]

12/8 Acute aphasia after Stroke 69.40 ± 15.00/72.60 ± 14.10 I: CIAT (45e60 min/d, 5 d/week for 5
weeks)
C: CT (45e60 min/d, 5 d/week for 5 weeks)

1.WAB-AQ
2.DA
3.SAQoL

Wilssens et al
2015 [22]

5/4 Acute aphasia after Stroke 63.20 ± 8.44/71.25 ± 9.22 I: CIAT (3 h/d for 10 days)
C: BOX (2e3 h/d for 10 days)

1.AAT
2.BNT
3.PALPA
4.ANELT
5.CETI
6.SAT

Kurland et al
2016 [23]

12/12 Chronic aphasia after Stroke 68.60(55e78)/65.00(47e81) I: ILAT (3 h/d for 10 days)
C: PACE (3 h/d for 10 days)

1.BNT
2.BDAE
3.CTPD
4.PICA

Woldag et al
2016 [25]

20/20/20 Acute aphasia after Stroke 71.30 ± 7.20/63.00 ± 14.30/
70.30 ± 11.20

I: CIAT (3 h/d for 10 days)
C: CT (3 h/d for 10 days)
Individual and group therapy (14 h/
2weeks)

1.AAT
2.CAL

Sickert et al
2013 [30]

50/50 Subacute aphasia after
Stroke

60.70(41e81)/60.20(34e84) I: CIAT (2 h/d for 15 days)
C: CT (2 h/d for 15 days)

1.AAT
2.CAL

Szaflarski et al
2015 [31]

12/10 Chronic aphasia after Stroke 57.00 ± 11.00/51.00 ± 13.00 I: CIAT (4 h/d for 10 days)
C: no intervention

1. BNT
2. CAL
3.BDAE
4.COWA
5.SFT
6.PPVT

Shi et al
2006 [32]

10/10 Chronic aphasia after Stroke 51.70 ± 19.80 I: CIAT (30e35 h/2weeks)
C: CT (30e35 h/4weeks)

1. WAB
2. CAL

Lin et al
2007 [33]

15/15 Chronic aphasia after Stroke Unclear I: CIAT (2e3 h/d, 20 d/month for 2 months)
C: CT (2e3 h/d, 20 d/month for 2 months)

1.CRRCAE
2.CFCP

Lin
2017 [34]

51/51 Chronic aphasia after Stroke 53.30 ± 10.30/52.60 ± 11.20 I: CIAT (2 h/d)
C: CT (unclear)

1.WAB
2.CADL

Xie et al
2014 [35]

15/15 Chronic aphasia after Stroke 63.13 ± 5.66/57.17 ± 6.04 I: CIAT (3 h/d, 5 d/week for 2 weeks)
C: CT (30 h/4weeks)

1. WAB
2. CAL

Zhao et al
2014 [36]

29/30 Subacute aphasia after
Stroke

51.40 ± 12.57/52.90 ± 9.60 I: CIAT (3h/d for 10 days)
C: CT (30 min/d, 5 d/week for 10 days)

1. CRRCAE
2. CADL

Notes: CIAT¼Constraint-induced Aphasia Therapy; ILAT¼Intensive Language Aphasia Therapy; CILT¼Constraint-induced Language Therapy: ILAT and CILT are different
names for CIAT. AAT ¼ Aachen Aphasia Test; ANELT ¼ Amsterdam Nijmegen Everyday Language Test; AQ ¼ Aphasia Quotient; BNT¼Boston Naming Test; BOX¼Intensive
semantic treatment; BDAE¼Boston Diagnostic Aphasia Examination; C¼Control Group; CAL¼Communication Activity Log; CADL¼Communicative Ability of Daily Living;
CETI¼Communicative Effectiveness Index; CFCP¼Chinese Functional Communication Profile; COWA¼Controlled Oral Word Association Test; CRRCAE¼China Rehabilitation
Research Center Aphasia Examination; CT¼Conventional Therapy; CTPD¼Cookie Theft Picture Description; DA¼ Discourse Analysis; d¼day; h¼hour; I¼Intervention Group;
Min¼minute; PACE¼Promoting Aphasia Communicative Effectiveness; PALPA¼Psycholinguistic Assessment of Language Processing in Aphasia; PICA¼Porch Index of
Communicative Ability; PPVT¼Peabody Picture Vocabulary Test; SAQoL ¼ The Stroke and Aphasia Quality of Life Scale; SAT¼Semantic Association Test; SFT¼Semantic
Fluency Test; WAB¼Western Aphasia Battery.

Fig. 2. Methodological quality of all included studies.
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Fig. 3. Risk of bias assessment of all included studies.
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compared with those in the control group in terms of naming,
comprehension, and repetition.
Fig. 4. Meta-analysis of the results mea
3.4.2. Evaluation of therapeutic effectiveness with various durations
of intervention

Ciccone et al. [21] conducted a 1-h intervention every day for
each patient over a period of five weeks and used the WAB to
examine language performance, and it showed that the CIAT group
had no significant improvements for language performance
compared with the control group.

Lin [34] conducted CIATon patients with aphasia for 2 h per day,
but Lin did not report the total duration. In the study by Lin [34],
therewas a significant difference between the two groups using the
WAB after one month of hospital discharge.

Lin et al. [33] and Zhao et al. [36] provided 3 h per day training
over a span of two months and ten days, respectively, and used the
CRRCAE to examine language performance. Both studies found that
patients receiving CIAT gained greater improvements compared
with those in the control group in terms of comprehension, repe-
tition, speaking, and oral reading. Pulvermüller et al. [16] and
Woldag et al. [25] performed 3-h interventions every day for each
patient over a period of ten days and used the AAT to examine the
subtests of language performance. Pulvermüller et al. [16] showed
that the CIAT groups scored significantly higher than the control
groups in terms of naming, comprehension, and token test. Woldag
et al. [25] showed that no significant differences were found in all
the subtests of the AAT.
4. Discussion

In this systematic review, 12 clinical trials reporting the effects
of CIAT on patients with aphasia involving 493 participants were
identified. The meta-analysis showed that there was a significant
difference in the severity of aphasia asmeasured by theWAB in two
studies [32,35]. There was no statistically significance between the
CIAT groups and the control groups in terms of language perfor-
mancemeasured by the BNT in three studies [22,23,31] and the AAT
in two studies [22,30]. The descriptive analysis showed positive
results in language performance. Two studies [33,36] indicated
significant differences concerning naming, comprehension, and
repetition. One study [16] indicated significant differences con-
cerning naming and comprehension, but not in repetition. Only one
study [25] indicated insignificant differences concerning naming,
comprehension, and repetition. Moreover, interventions that were
carried out for two or 3 h per day seemed to be the most commonly
used dosage in the current literature.

The quality of the included studies was appraised to be mod-
erate based on the Cochrane Handbook [29]. All the included
studies were rated as the grade of B because they partially met the
quality standard and no any item of the methodological quality
assessment was considered as “high risk”. In terms of detection
bias, attrition bias and reporting bias, most of studies were rated as
having low risk. Eight studies reported the blinding of outcome
assessment, all included studies showed the complete outcome
data and did not have selective reporting. However, two quality
assessments including selection bias and performance bias were
sured by the Boston Naming Test.



Fig. 5. Meta-analysis of the results measured by the Aachen Aphasia Test.

Fig. 6. Meta-analysis of the results measured by the Western Aphasia Battery.
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appraised to be poor. The assessment for selection bias included
random sequence generation and allocation concealment. In our
review, nine studies reported the random sequence generation but
only three studies described the allocation concealment, which
might generate an overestimate of the therapy efficiency [37]. In
terms of the performance bias, the blinding of participants and
personnel was hard to be conducted when performing the CIAT. In
accordance with the Cochrane Handbook, there is no empirical
evidence that the bias was generated due to lack of blinding of
participants and personnel [29].
A recent systematic review by Zhang et al. [26] concluded that

CIAT may be useful for improving language performance on pa-
tients with chronic post-stroke. The conclusionwas consistent with
ours as the effects of CIAT on naming, comprehension, repetition,
written language, and oral language for aphasia patients were
positive. However there remained the difference between Zhang
et al.’s review and ours. In Zhang et al.’s review, nine included
studies focused on patients with aphasia after strokes or
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cerebrovascular accidents [26], of which CIAT in six studies seemed
to be useful for improving aphasic, while we included 12 studies in
which recruited patients with aphasia were without pathological
limitations, of which CIAT in six studies was significantly different
between the CIAT groups and the control groups. For the inclusion
criteria, we expanded the electronic databases to Chinese so that
five Chinese studies were finally included in our review, which
indicated that the CIAT groups gained greater improvements than
the control groups. And there were consistent results from the
meta-analysis in the review [26] and our review in terms of lan-
guage performance as measured by the BNT and the AAT, whereby
there was no significant difference between the CIAT group and the
control group.

The BNT is a widely used neuropsychological assessment tool to
measure confrontational word retrieval among individuals with
aphasia or other language disturbances. There are some criticisms
about the BNT, which appears to have poor psychometric proper-
ties and inadequate norms [38]. Moreover, the BNT relied on word
frequency at its first published time, i.e.1983, and its itemswere not
listed in order from least to most frequent [39]. Furthermore,
monolinguals or bilinguals may respond differently to the BNT [40],
but these trials did not report whether the enrolled participants
were bilingual speakers or not. Thus, there might be assessment
bias when using the BNT.

The results in our review from the meta-analysis of language
performance assessed by the AAT in two studies [22,30] showed
that there was no significant difference between the intervention
and control groups in terms of token test, comprehension, repeti-
tion, written language, and naming. An included study [25] also
showed insignificant group differences in their AAT results. How-
ever, themeta-analysis showed that the naming subtest in theWAB
indicated significant group differences. The naming subtest in both
the BNT and the AAT was designed for patients to name pictures
painted on paper [41]. However, patients are required to name
some real objects on the table for the naming subtest in the Chinese
version of the WAB. It is much easier for patients with aphasia to
name real objects than objects in pictures [42]. Therefore, choosing
a good suitable measurement tool and approach is important for
measuring the intervention effects of CIAT.

Six trials were not suitable for us to perform a meta-analysis on;
thus, a descriptive analysis was conducted to summarize the effects
of CIAT on naming, comprehension, and repetition. The AAT was
mainly employed in two studies [16,25] to evaluate language per-
formance, but the post-treatment statistical data were not re-
ported. The CRRCAE was used in two studies [33,36] to measure the
language performance outcomes of naming, comprehension, and
repetition, but one study [33] used the short version and another
study [36] used the full version. The rest of two studies [21,34]
showed different clinical tools and scales were used to evaluate
language performance, which also made them impossible to
perform a meta-analysis on. Even though the measurement tools
for measuring the language performance were different in these
studies, the AAT and the CRRCAE have the same subtests including
naming, repetition, and comprehension. The results from summa-
rizing the AAT and the CRRCAE in the descriptive analysis indicated
positive results. In terms of naming and comprehension subtests,
three studies [16,33,36] reported greater improvements among
patients receiving CIAT than those in the control group, while only
one study [25] did not find any significant group differences.

The intensity of the interventions (e.g. duration) has been
considered as an essential factor that affects the outcomes of
rehabilitation for patients with aphasia [43]. From the descriptive
analysis, CIAT interventions that went on for two and 3 h per day
seemed to be the most commonly used dosage in the current
literature. The pioneer study of CIAT [16], enrolling participants
who were 55.40 (±10.86) years old, suggested that durations of
practice should be 3 h per day over a period of ten days. The post-
treatment AAT scores in the CIAT group showed a significant
improvement in terms of naming, comprehension, and token test
compared with those in the pre-treatment results. From the latest
study published by Lancet [44], the results showed that CIAT
training with 2 h per day for three weeks significantly improved
verbal communication among patients with chronic aphasia after
strokes. In our descriptive analysis, one study [34] that employed
2 h of training per day showed that patients in the CIAT group
gained better improvements in comprehension, repetition, naming,
and reading than in the control group, while four studies
[16,25,33,36] that employed 3 h of training per day indicated a
significant improvement in language performance in the inter-
vention group compared to the control group. In our meta-analysis,
one study [35] showed significant impacts in CIAT on oral expres-
sion, naming, and repetition among patients with aphasia after 3 h
of training per day, two studies [22,23] that employed 3 h of
training per day indicated no significant differences between the
two groups, and one study [30] that employed 2 h of training per
day also indicated no significant difference between the two
groups. One study [31] expanded their treatment to 4 h per day, but
it yielded insignificant differences between the two groups. In
conclusion, interventions of two or 3 h per day seemed to be the
most commonly used dosage in the current literature, though our
meta-analysis did not show any group differences on the outcomes
of patients using different durations of CIAT.

In our systematic review, the conventional therapy that nine
studies [16,21,25,30,32e36] employed for patients with aphasia in
the control groups was proved to be efficient [45]; the intensive
semantic treatment that Wilssens et al. [22] used in the control
group had a beneficial effect on patients with aphasia [46]; and the
Promoting Aphasia Communicative Effectiveness that Kurland et al.
[23] employed in the control group was considered as being effi-
cient for patients with aphasia [47]. In our meta-analysis and
descriptive analysis, it showed that either the patients in the CIAT
groups had great improvements than the control groups or there
was no significant difference between the groups. Therefore, CIAT
was efficient for improving language performance with regard to
naming, comprehension, repetition, written language, and oral
language based on the current evidence.

5. Limitations and future research

This review had some limitations. Firstly, there were method-
ological flaws among the included studies in this review. Only nine
trials reported random sequence generation and three trials re-
ported allocation concealment, which may result in selection bias.
Only two studies and eight studies reported the blinding of their
participants and personnel and the blinding of outcome assess-
ments, respectively, which may cause performance bias and
detection bias, respectively. Secondly, most of the included studies
had small sample sizes, which might contribute to insufficient
power [48]. Thirdly, we only searched studies from 11 electronic
databases, and studies that were not in these 11 databases were not
considered. Fourthly, this systematic review only included both
English and Chinese literature, which may lead to language bias
[49].

Based on the limitations and our review results, future studies
should paymore attention to: 1) improvingmethodological quality,
including study design, correct random sequence generation,
allocation concealment, and effective blinding of the participants
and personnel, and 2) performing sample size calculation, effec-
tively explaining drop-outs, and performing an intention-to-treat
analysis.
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6. Conclusions

This systematic review indicated that CIAT was efficient for
improving language performance with regard to naming, compre-
hension, repetition, written language, and oral language based on
the current evidence. And this review provided some meaningful
guides for nurse practitioners in the department of rehabilitation:
expand therapy durations to two or 3 h per day, focus much on
naming, and choose the best assessment tool. The evidence
strength of CIAT for patients with aphasia is currently limited due to
the poor methodological quality of the included trials. Hence, more
rigorous, large-scale, high-quality trials should be performed on
CIAT in the future.
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