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Abstract

Background: Constraint-induced (language) aphasia therapy (CIAT), based on constraint usage of the language
channel only, massed practice and shaping through therapeutic language games, has been suggested as a more
efficient therapy approach than traditional aphasia therapies.
Aims: To examine the comparative efficacy of CIAT and a traditional therapy approach on expressive language
ability, with the intensity of therapy controlled and matched, in the treatment of post-stroke aphasia.
Methods & Procedures: Two successive 4-week blocks of intense (1 h, 5 days a week) of aphasia therapy programmes
were delivered in a randomized within-subject crossover design: one therapy block consisted of stimulation aphasia
therapy (SAT, a common traditional therapy approach), another of CIAT. Twenty consecutive patients, up to 1 year
after stroke, were randomly assigned either to have SAT followed by CIAT (S1C2 group) or to have CIAT followed
by SAT (C1S2 group). Measurements of naming (Boston Naming Test) and spontaneous sentence production
(Cookie Theft Picture description task) were carried at the baseline, following the first therapy block, following
the second therapy block and 4 weeks following the last therapy block.
Outcomes & Results: Both groups of patients significantly improved in all variables of expressive language skills; the
improvement was maintained 1 month post-treatment. However, patients who started with CIAT and continued
with SAT (C1S2 group) tended to have higher final improvement than the patients who started with SAT and
continued with CIAT (S1C2 group). This was particularly pronounced for naming. Moreover, when CIAT was
the first therapy (the C1S2 group) the improvement achieved in naming following CIAT significantly exceeded
the improvements achieved following SAT, not only in the same group (when SAT was the second) but also
in the S1C2 group (when SAT was the first). In addition, the improvement in naming following CIAT in the
C1S2 group exceeded the one in the S1C2 group, too. Similarly, the improvement in the total number of sentences
produced following each therapy was quite clear and significant in the C1S2 group (when CIAT was the first),
while in the S1C2 group it was much more modest and not significant.
Conclusions & Implications: Results suggest that the maximization of quantity and frequency of language therapy
have a significant impact on the improvement of expressive language ability. Moreover, if practised early in aphasia
therapy, the constrained usage of the language modality, as practised in CIAT, confers an additional benefit to
massed practice, particularly on naming ability.
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What this paper adds
What is already known on the subject
Studies completed so far suggest that the CIAT, based on the learning principles of prevention of compensatory
communication (constraint) and massed practice, is more efficient than traditional therapy approaches in treating
patients with post-stroke aphasia.
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What this paper adds to existing knowledge
This is the first crossover study directly comparing CIAT with a traditional therapy, with the intensity of therapy
controlled and matched between therapy methods, designed to shed more light onto the interplay between the two
CIAT principles: massed practice and constrained use of the language modality.

What are the potential or actual clinical implications of this work?
The results show that the maximization of quantity and frequency of language therapy have a significant impact
on the improvement of expressive language ability. Moreover, the results suggest that the application of constrained
use of the language modality early in aphasia therapy, as practised in CIAT, confers an additional benefit to massed
practice, particularly on expressive naming ability.

Introduction

The term ‘aphasia’ refers to the more or less complete
loss of the ability to use language as the result of lesions
in cerebral areas predominantly localized in the left half
of the brain—the areas generally responsible for the
ability to speak, understand, read and write (Basso et al.
2013). As a consequence, the inability to communicate
adequately may lead to isolation, passiveness and de-
pression, i.e., to secondary psychological and psychiatric
symptoms (Ayerbe et al. 2013, Bergersen et al. 2010,
Starkstein and Robinson 1988). Stroke is the most com-
mon cause of aphasia in adults. Although, during the
first 2–3 months following stroke, most patients show
some degree of spontaneous recovery of language func-
tions (Laska et al. 2001), the degree of recovery varies
greatly (Lazar and Antoniello 2008) and is typically
incomplete. The vast majority of patients require speech
and language therapy of some kind in order to recover
specific language skills affected by damage of the brain
and to develop strategies for improvement of overall
communication in a variety of situations (Basso 2010,
Basso and Macis 2011). There are different therapy
approaches and the most effective strategies of treating
aphasia after stroke are yet to be determined (Broida
1977, Basso et al. 1979, Lincoln et al. 1984, Shewan and
Kertesz 1984, Hartman and Landau 1987, Brady et al.
2016).

Traditional approaches to rehabilitation of aphasia
include: the stimulation approach, the behaviour
modification approach, Luria’s approach (functional
reorganization), the pragmatic approach and the neu-
rolinguistic approach (Basso et al. 2013). Stimulation
aphasia therapy (SAT), sometimes also referred as
conventional (or classic) aphasia therapy, is one of the
most frequently used therapeutic techniques. It is based
on an idea that language is not lost but cannot be
accessed because of cerebral damage. The treatment
varies according to the severity of the disorder and
is based on the automatic-voluntary dissociation.
The required response is facilitated and automatically
obtained; facilitation is then progressively reduced until
the response is intentional (Basso et al. 2013). Common

to all traditional therapy approaches, including SAT,
is that communicative methods allow for all modes
of communication to be used, i.e., communicative
methods are not constraint to the language mode,
but include both verbal and non-verbal means. The
person with aphasia is encouraged to use all their
intact communication abilities, which are often mainly
non-verbal, in order to optimize communication.

Another approach to language therapy, the so-
called constraint-induced (language) aphasia therapy
(CIAT), has been developed as potentially more
efficient aphasia therapy method. CIAT is based
on the following learning principles: prevention of
compensatory communication (constraint), massed
practice (maximization of quantity and frequency of
language therapy), and shaping (induction) of verbal
behaviour (Pulvermüller et al. 2001, Pulvermüller and
Berthier 2008). The basic assumption is ‘the non-use
hypothesis’. It postulates that people with aphasia
typically use the communication channels that are the
most accessible to them and can be easily used with the
least amount of effort. As a consequence, they tend to
rely more on gestural communication and fail to engage
effectively in reuse of spoken and/or written language.
Pulvermüller et al. (2001) were the first to suggest
that avoiding verbal communication, and changing
communication strategies into various kinds of com-
pensatory non-verbal strategies (such as gestural), could
be maleficent for patients with aphasia. Therefore,
the CIAT aims to suppress such strategies in order to
facilitate language communication, thus positioning
this therapy model as a contrast to conventional aphasia
therapy.

In order to reactivate and therefore possibly strengthen
those language circuits that have survived a lesion, it is
necessary to push the patient to his or her linguistic and
communicative limits. In other words, it is important
to constrain verbal communication so that the patient
takes advantage even of those residual language skills
he or she would normally not risk applying in everyday
language interaction due to fear of failure.

(Pulvermüller and Berthier 2008: 570).
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Through therapeutic language games, CIAT gradually
engages the patient from his initial communicative be-
haviour progressively to improved linguistic behaviour,
making its realization in small steps (Pulvermüller
et al. 2001, Berthier and Pulvermüller 2011). Studies
performed so far suggest that CIAT has an effect when
treating patients with both chronic aphasia, having
suffered from this disease for many years (Pulvermüller
et al. 2001, Meinzer et al. 2005, Szaflarski et al. 2008),
and acute/subacute patients, only 1–2 months post-
stroke (Kirmess and Maher 2010, Sickert et al. 2014).

However, two open issues should be taken into
account when considering relative efficiency of CIAT
in comparison with traditional approaches. First, in
the studies that directly compared CIAT with other
therapy approaches, the usual methodological approach
was a parallel research design in which patients were
randomized to a treatment and remained on that treat-
ment throughout the duration of the trial. However,
in spite of randomization, the influence of various
confounding variables (personality traits, cognitive and
affective variables) cannot still be excluded (Ingram
1989). Second, CIAT has been typically applied much
more intensely (i.e., more treatment sessions per week,
longer sessions) than is usually the case with traditional
therapy approaches. Although it was shown that when
groups were controlled for the amount of therapy,
overall language improvements were significant for the
CIAT treatment group only (Pulvermüller et al. 2001,
Meinzer et al. 2005, Maher et al. 2006), there are
studies arguing that the intensity of therapy is in fact
one of the main factors affecting treatment-induced
recovery in patients suffering from aphasia (Basso and
Caporali 2001, Bhogal et al. 2003, Barthel et al. 2008,
Sickert et al. 2014, Rose et al. 2016). Therefore, it is
still an open question whether the maximization of the
quantity and frequency of language therapy is the most
relevant factor affecting therapy outcome, or if a therapy
strongly focused on language and verbal communica-
tion with constraints on other ways of communication
has added benefits beyond mere intensity of therapy.

In this study we examined the comparative efficacy
of the CIAT and the SAT approach on expressive lan-
guage ability. We focused on naming ability and sponta-
neous sentence production, with the intensity of therapy
controlled and matched between therapy methods. In
order to reduce the influence of various confounding
variables and to shed more light onto the interplay be-
tween the two CIAT principles, massed practice and
constrained use of the language modality, the experi-
mental study was designed to be a crossover research
(Maclure 1991). This was expected to yield a more effi-
cient comparison of treatments than a parallel design in
a way that each patient serves as his/her own matched
control.

Materials and methods

Subjects

A total of 20 consecutive right-handed patients with
non-fluent post-stroke aphasia of up to 1 year duration
were randomly assigned to two treatment groups. One
group had SAT first followed by CIAT (S1C2 group),
while another had a reversed order of the therapies,
CIAT first followed by SAT (C1S2 group). All partic-
ipants were monolingual native Serbian speakers. One
participant from the S1C2 group and two participants
from the C1S2 group did not complete the whole proto-
col for therapy-unrelated issues. Only the patients who
completed the full treatment plan were included in anal-
ysis. The demographic and clinical details of the 17 par-
ticipants included in the study are given in table 1. The
two groups did not differ regarding age (S1C2 60.3 ±
10.5 years, C1S2 61.4 ± 8.7 years, t(15) = 0.22, p =
0.83), gender distribution (χ2 = 2.08, p = 0.15), edu-
cation (S1C2 12.9 ± 1.8 years, C1S2 12.6 ± 1.9 years,
t(15) = 0.36, p = 0.73), aphasia duration (S1C2 15.8 ±
15.7 weeks, C1S2 11.7 ± 13.7 weeks, t(15) = 0.58, p =
0.57), and aphasia severity (χ2 = 1.6325, p = 0.442).

For all participants, diagnosis of post-stroke apha-
sia was made by neurologists and confirmed by speech
therapists based on their assessment, which included
the Boston Diagnostic Aphasia Examination (BDAE;
Goodglass and Kaplan 1983). The participants, and
their family members when it was required due to com-
munication difficulties, gave their informed consent for
the participation in the study. The study was conducted
according to the Declaration of Helsinki. The study was
approved by the institution ethics committee.

Therapies

SAT covered practising naming, word and sentence rep-
etition, sentence comprehension and production, and
conversations on topics of the patients’ own choice us-
ing both verbal and non-verbal means of communica-
tion. Patients were encouraged to use any remaining
language ability that succeeds in conveying messages,
but also alternative means of communication. Therapy
protocols were customized for each patient based on
the patient’s BDAE results in conjunction with thera-
pist’s observations regarding the type of aphasic disorder
and the features of the linguistic breakdown. Since this
study was aimed at non-fluent aphasia, the main focus in
therapy was put on the stimulation of verbal production.
In particular, word and sentence production (conversa-
tional and narrative discourse), production of automatic
sequences, oral praxis, naming, word and sentence rep-
etition. Therapy started from the most damaged func-
tions (e.g., the ability to produce voices, syllables, words,
sentences). The same stimulus tasks were used, unless
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Table 1. Demographic and clinical characteristics of the patients from the two groups

Group Patient ID Age (years) Sex
Education

(years)

Aphasia
duration
(weeks)

Aphasia
syndromea

Aphasia
severitya

S1C2 01 67 M 12 18 Broca Moderate
02 67 F 12 4 Global Severe
03 65 F 12 10 Global Severe
04 49 F 12 1 Global Severe
05 78 F 12 14 Conduction Mild
06 52 F 12 26 Broca Moderate
07 54 M 16 3 Broca Mild
08 65 M 16 15 Broca Severe
10 66 M 12 52 Broca Severe

C1S2 01 59 F 12 6 Global Severe
02 76 F 12 14 Broca Severe
04 50 F 12 5 Broca Moderate
05 72 F 11 6 Conduction Moderate
06 61 F 12 11 Broca Mild
07 56 M 14 4 Broca Mild
08 55 F 14 4 Anomic Mild
09 62 F 14 44 Transcortical Moderate

Note: aBased on the Boston Diagnostic Aphasia Examination (BDAE) (Goodglass and Kaplan 1983). Severity was qualified from the scores on the Aphasia Severity Rating Scale from
the BDAE: severe (0/1), moderate (2/3) and mild (4/5).

patient mastered them, in which case a more advanced
set of stimulus tasks was introduced. Stimulus tasks were
also changed if they were found not to be appropriate
(e.g., tasks were found to be too difficult or the patient
was for some reason unwilling to use such stimuli).

For CIAT, the modified protocol for early aphasia
rehabilitation, described by Kirmess and Maher (2010),
was applied. The paired cards representing coloured pic-
tures of 10 object categories, which included nouns of
high and low frequency, numeric concepts, colours, ac-
tions and phonemically similar words were practising
in therapeutic game-like activity in small groups (two
patients and the therapist). Barriers were made in front
of and at the participants’ sides, for each participant, to
prevent them from seeing other participants’ hands or
cards. According to the protocol adopted, the treatment
did not involve constraints outside the training sessions.
As a consequence, possible compensatory strategies dur-
ing the remaining hours were not controlled for. How-
ever, all patients were within the hospital environment
with similar daily activities and conversational settings.

Measures

Naming skills were assessed by the 60-item Boston Nam-
ing Test (BNT; Kaplan et al. 1983). For syntactic accu-
racy and variety, the Cookie Theft Picture description
task from the BDAE (Goodglass and Kaplan 1983) was
used. The picture includes a mother washing dishes at an
overflowing sink while children attempt to steal cookies
from a cookie jar on a shelf. The patients were instructed
to describe what they see in the picture. No prompts

were used to elicit longer samples. Language samples
collected were recorded, transcribed and then analysed
by the examiner for the nature of the utterances pro-
duced. Three measures were scored: a total number of
sentences (NS), syntactic diversity (SD), i.e., the vari-
ety of syntactic structures used, and a total number of
information carrying words (NICW), i.e., the number
of words or word-units that convey information. Ut-
terances were coded as sentences if they contained at
least a predicate-argument structure, regardless of mor-
phologic agreement and content, i.e., if they contained
the syntactic elements for a sentence, even if they were
not well formed or they contained lexical or phonemic
paraphasias. Syntactic diversity was analysed based on
utterance classification as: empty utterances (i.e., utter-
ances that do not convey content, such as ‘I don’t know’,
‘I don’t remember’), single-clause utterances (consisting
of a subject and a verb, with or without an object),
multi-clause utterances (containing at least one inde-
pendent clause and at least one dependent clause), and
sub-clausal utterances (consisting of sentence fragments
that fail to meet the definition of a clause). Syntactic
diversity measure was derived based on a points system
used for each utterance type. For word unit, we adopted
the Yorkston and Beukelman (1980) definition accord-
ing to which it ‘was defined as a grouping of information
that was always expressed as a unit by normal speakers’
(30). In the case of the Cookie Theft Picture descrip-
tion task, content units include two, children, little, boy,
girl, on stool, falling over, woman, by sink etc. In order
to avoid redundant information, each content unit was
counted only one time.
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Table 2. Values of selected measures at baseline

S1C2
(mean ± SD)

C1S2
(mean ± SD)

Student’s
t(15) = (p =) 95% Confidence interval

Boston Naming Test (BNT) 4.00 ± 8.11 8.75 ± 11.16 –1.013 (0.33) –14.7469 5.24686
Number of sentences (NS) 2.33 ± 1.94 2.88 ± 3.31 –0.418 (0.68) –3.3062 2.22289
Syntactic diversity (SD) 0.89 ± 0.60 1.13 ± 1.36 –0.474 (0.64) –1.2979 0.82563
Information carrying words (NICW) 4.67 ± 4.92 7.75 ± 11.83 –0.717 (0.48) –12.244 6.07738

Research design

The study followed a randomized within-subject
crossover design. Two successive 4-week-long blocks
of intense (1 h, 5 days a week) aphasia therapy were
delivered. One therapy block (a total of 20 h each)
consisted of SAT, another of CIAT. Thus, the total
amount of therapy was the same for all participants.
Therapy protocols for all patients were delivered
by a single experienced speech–language therapist.
The participants were allocated to one of the two
experimental groups with opposite order of therapy
blocks (i.e., S1C2 and C1S2) consecutively as they
were recruited, following a computer-generated list of
random numbers. The code/allocations was disclosed
to the therapist only for each patient one at the time.

Measurements were carried out at four time points.
At the beginning, before the commencement of the
treatment programme (t1), following the first therapy
block (t2), following the second therapy block (t3) and
4 weeks following the last therapy block during which
participants had had no language therapy (t4). The ex-
aminer was blinded for the patients’ group allocation
(i.e., for the type of therapy administered), while the
therapist was blinded for the results of the measured
variables.

For ethical reasons, there was no possibility to select
a third control group of non-treated patients, and no
possibility to increase frequency (the number of therapy
hours per time) of language therapy due to total patient
inflow in the hospital stroke units.

Data analysis

The baseline measures were compared between groups
using a Student’s t-test, except for gender where a Chi
square test was used. The treatment/therapy effects were
analyzed in two steps using mixed two-way analysis of
variance (ANOVA). In the first step, time-wise compari-
son between groups was carried out with repeated factor
TIME (t1 versus t2 versus t3 versus t4) and independent
factor GROUP (S1C2 versus C1S2). Subsequently, to
check the differences between therapies, interval changes
associated with each therapy from both groups were
calculated. Interval changes t2–t1 from S1C2 group and
t3–t2 from C1S2 were calculated as measures of SAT

effect from the two groups respectively. Similarly,
interval changes t3–t2 from S1C2 group and t2–t1
from C1S2 were calculated as measures of CIAT
effect from the two groups respectively. In addition,
interval changes t4–t3 from both groups separately
were calculated as measures of no therapy effect (NoT).
The obtained measures were analyzed by ANOVA
with repeated-factor THERAPY (SAT versus CIAT
versus NoT) and independent-factor GROUP (S1C2
versus C1S2). Post-hoc pair-wise analyses were carried
out using a least square difference test. Results were
considered significant if p < 0.05.

Results

The two groups were similar at the baseline regarding
selected language competency measures (table 2).

Naming

Between-group time-wise analysis

The results of two-way mixed ANOVA conducted on
BNT results yielded significant effect of factor TIME

(F(3,45) = 25.416, p < 0.0001, ε2 = 0.67), but also of
the factor GROUP (F(1,15) = 5.498, p = 0.03, ε2 = 0.27)
and the TIME × GROUP interaction (F(3,45) = 3.016,
p = 0.04, ε2 = 0.17).

Figures 1(a) and S1 show the time-course of the
tested groups’ BNT performance. The overall improve-
ment in comparison with the baseline at the end of the
whole protocol (i.e., t4–t1 difference) was significant
in both groups (post-hoc analysis of within-group pair-
wise differences, S1C2 p = 0.0003 [mean difference
± standard errors of estimate (SEE): 13.00 ± 3.28,
95% confidence interval (CI) = 6.40–19.60], C1S2
p < 0.0001 [23.13 ± 3.47, 95% CI = 16.13–30.12]).
The same was the case at the end of the second ther-
apy block (i.e., t3–t1; S1C2 p = 0.008 [11.78 ± 3.28,
95% CI = 5.18–18.37], C1S2 p < 0.0001 [24.25 ±
3.47, 95% CI = 17.25–31.25]). However, the groups
differed in time patterns and magnitude of therapy-
induced changes. While in the S1C2 group the t2–t1
interval change (i.e., the change following SAT block)
was not significant (p = 0.11) and the t3–t2 change
(the change following CIAT block) was at the edge of
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Figure 1. Time-course of the groups’ scores in selected variables: (a) Naming (Boston Naming Test); (b) total number of sentences (Cookie
Theft Picture description task—CTP); (c) syntactic diversity (CTP); and (d) total number of information carrying words (CTP). Means with
standard errors of estimate (SEE) are presented. [Colour figure can be viewed at wileyonlinelibrary.com]

significance (p = 0.055 [6.44 ± 3.28, 95% CI = –0.15
to 13.04]), in the C1S2 group the t2–t1 change (CIAT)
was clearly significant (p < 0.0001 [17.38 ± 3.47, 95%
CI = 10.38–24.37]) and the t3–t2 change (SAT) was at
the edge of significance (p = 0.054 [6.88 ± 3.48, 95%
CI = –0.12 to 13.87]). Moreover, the results for the
C1S2 group were significantly better than results in the
S1C2 group at all time points (t2 p = 0.015 [16.79 ±
6.42, 95% CI = 3.26–30.33], t3 p = 0.013 [17.22 ±
6.42, 95% CI = 3.69–30.76], and t4 p = 0.03 [14.88
± 6.42, 95% CI = 1.34–28.41]).

Between-therapies factorial analyses

The results of two-way mixed ANOVA, when different
therapies were treated as factors instead of time, showed
significant effect of the factor THERAPY (F(2,30) = 6.798,
p = 0.004, ε2 = 0.32), while the effect of the factor
GROUP (F(1,15) = 3.492, p = 0.08, ε2 = 0.19) and
the THERAPY × GROUP interaction (F(2,30) = 2.251,
p = 0.12, ε2 = 0.13) were not significant. Post-hoc
pair-wise analyses of within THERAPY factor differences
showed CIAT effect to be significantly better than NoT
effect (p = 0.001, mean difference ± SEE = 11.47
± 3.21, 95% CI = 4.91–18.03). However, although
CIAT induced change was larger than SAT induced
change (mean difference ± SEE = 5.52 ± 3.21) the
difference was not significant (p = 0.095, 95% CI =
–1.03 to 12.09). The SAT induced change was also

Figure 2. Between-therapies factorial differences for naming. Means
with standard errors of estimate (SEE) for individual therapies effects
are presented. Relevant significant differences are marked with dotted
lines. [Colour figure can be viewed at wileyonlinelibrary.com]

larger than NoT induced change (mean difference ±
SEE = 5.94 ± 3.21), but this difference was not signif-
icant, too (p = 0.074, 95% CI = –0.61 to 12.50).

Post-hoc pair-wise analyses of THERAPY × GROUP

interaction differences (figure 2) showed that in the
S1C2 group there was no difference among the effects
of the three therapies (CIAT versus SAT, CIAT versus
NoT, and SAT versus NoT; p > 0.24 in all cases).
In contrast, in the C1S2 group, the CIAT effect was
significantly larger than either the SAT effect (p = 0.032
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[10.5 ± 4.68, 95% CI = 0.94–20.06]) or the NoT ef-
fect (p = 0.0004 [18.5 ± 4.68, 95% CI = 8.94–28.06])
in the same group, while the difference between the
SAT and the NoT effects was not significant (p = 0.098
[8.0 ± 4.68, 95% CI = –1.56 to 17.56]). Moreover,
the CIAT effect was much larger in the C1S2 group
than in the S1C2 group (p = 0.011 [10.93 ± 4.13,
95% CI = 2.42–19.44]), while SAT and NoT effects
did not differ between the groups (p > 0.55 in both
cases). Finally, the CIAT effects was significantly larger
than the SAT effect (p = 0.006 [12.04 ± 4.13, 95% CI
= 3.54–20.55]) when both therapies were delivered as
first in the order, i.e., when the CIAT in the C1S2 group
was compared with the SAT in the S1C2 group. In
contrast, when both therapies were delivered as second
in the order, the CIAT effects (in the S1C2 group) did
not differ (p = 0.92) from the SAT effect (in the C1S2).

Total number of sentences produced (NS)

Between-group time-wise analyses

The results of a two-way mixed ANOVA yielded sig-
nificant effect of the factor TIME (F(3,45) = 127.914,
p < 0.00001, ε2 = 0.55) and the TIME × GROUP

interaction(F(3,45) = 20.464, p < 0.044, ε2 = 0.16),
while the effect of the factor GROUP was not significant
(F(1,15) = 1.674, p = 0.21, ε2 = 0.10).

Figure 1(b) shows the mean scores of the tested
groups’ NS performance. In keeping with the signif-
icant TIME × GROUP interaction, post-hoc analysis of
within-group pair-wise differences showed time patterns
that differed between groups. In the S1C2 group, both
the t2–t1 change (SAT) and the t3–t2 change (CIAT)
showed only some minor non-significant improvements
(p = 0.43 and 0.25 respectively). Nevertheless, the t3–t1
difference (the overall improvement at t3 time point in
comparison with the baseline) showed obvious cumula-
tive improvement, which was at the edge of significance
(p = 0.057 [2.44 ± 1.25, 95% CI = –0.07 to 4.96]). Fi-
nally, the t4–t3 change (NoT) showed also some minor
not significant change (p = 0.29), but the overall cu-
mulative improvement in comparison with the baseline
(i.e., t4–t1 difference) eventually became clearly signifi-
cant (p = 0.004 [3.78 ± 1.25, 95% CI = 1.26–6.29]).

In contrast, in the C1S2 group, both the t2–t1
change (CIAT) and the t3–t2 change (SAT) showed
clear and significant improvements (p = 0.035 [2.87
± 1.32, 95% CI = 0.21–5.54], and p = 0.044 [2.75
± 1.32, 95% CI = 0.08–5.42] respectively). Conse-
quently, the t3–t1 difference (the overall improvement
at t3 time point in comparison with the baseline) was
significant, too (p = 0.0001 [5.62 ± 1.32, 95% CI =
2.96–8.29]). Moreover, the t4–t3 change (NoT) showed
an improvement, too (p = 0.014 [3.37 ± 1.32, 95%

CI = 0.71–6.04]), pushing the overall cumulative im-
provement in comparison with the baseline (i.e., t4–t1
difference) further up (p < 0.0001 [9.00 ± 1.32, 95%
CI = 6.33–11.67]).

However, in spite of the aforementioned differences
and although the C1S2 group consistently showed better
results, the post-hoc pair-wise analysis of between group
differences at t2 and t3 time points did not find any of
the differences to be significant (p > 0.16); nevertheless,
the difference at t4 was significant (p = 0.041 [5.76 ±
2.65, 95% CI = 0.17–11.36]).

Between-therapies factorial analyses

The results of a 2 × 3 two-way mixed ANOVA, when
different therapies were treated as factors instead of time,
showed only a trend for an effect of the factor GROUP

(F(1,15) = 38.501, p = 0.08, ε2 = 0.19) while the effect
of the factor THERAPY (F(2,30) = 0.179, p = 0.84, ε2

= 0.01) as well as the THERAPY × GROUP interaction
(F(2,30) = 0.072, p = 0.93, ε2 = 0.004) were clearly not
significant.

Post-hoc pair-wise analyses of THERAPY × GROUP in-
teraction differences showed lack of significant between-
group differences (i.e., C1S2 versus S1C2) in either SAT,
CIAT or NoT effects (p > 0.12), although the effects
of both therapies were clearly larger in the C1S2 group
than in the S1C2 group (Figure S2(a)). Also, the order
of the therapies delivery did not have any significant
influence.

Syntactic diversity (SD)

Between-group time-wise analyses

The results of a two-way mixed ANOVA showed sig-
nificant effect of the factor TIME (F(3,45) = 127.914, p
< 0.00001, ε2 = 0.55) only, while the factor GROUP

(F(1,15) = 0.599, p = 0.45, ε2 = 0.04) and the TIME

× GROUP interaction (F(3,45) = 1.372, p = 0.26, ε2 =
0.08) were not significant.

Figure 1(c) shows the mean scores of the tested
groups’ SD performance. The post-hoc analysis of
within-group pair-wise differences confirmed similar
time patterns for both groups. In both groups, t2–t1
change (i.e., the SAT in the S1C2 group and the CIAT
in the C1S2 group) showed significant improvement
(p = 0.02 [0.78 ± 0.32, 95% CI = 0.13–1.43], and
p = 0.005 [1.00 ± 0.34, 95% CI = 0.31–1.69] re-
spectively), while t3–t2 change (i.e., CIAT in the S1C2
group and the SAT in the C1S2 group) showed al-
most no improvement at all (p = 0.73 and 0.72 respec-
tively). Nevertheless, the t3–t1 difference (the overall
cumulative improvement at t3 time point in compari-
son with the baseline) was clearly significant (p = 0.009
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[0.89 ± 0.32, 95% CI = 0.24–1.54], and p = 0.002
[1.13 ± 0.34, 95% CI = 0.43–1.82] respectively). The
groups differed in t4–t3 change (NoT) only. While in
the S1C2 group there was practically no improvement
(p = 0.31 [0.33 ± 0.32, 95% CI = –0.32 to 0.98]), in
the C1S2 group there was quite pronounced and signifi-
cant improvement during this interval (p = 0.005 [1.00
± 0.34, 95% CI = 0.31–1.69]). The t4–t1 difference
(the overall cumulative improvement at t4 time point
in comparison with the baseline) was clearly significant
in both groups, too (p = 0.0005 [1.22 ± 0.32, 95%
CI = 0.57–1.87], and p < 0.0001 [2.13 ± 0.34, 95%
CI = 1.43–2.82] respectively).

The post-hoc pair-wise analysis of between group
differences at successive time points (t2–t4) did not find
any of the differences to be significant (p > 0.16 in all
cases).

Between-therapies factorial analyses

The results of a 2 × 3 two-way mixed ANOVA, when
different therapies were treated as factors instead of time,
did not find the effects of either of the factors, the GROUP

(F(1,15) = 2.119, p = 0.17, ε2 = 0.12) or the THERAPY

(F(2,30) = 0.202, p = 0.82, ε2 = 0.01), to be signifi-
cant. However, the THERAPY × GROUP interaction was
at the edge of the significance threshold (F(2,30) = 3.025,
p = 0.064, ε2 = 0.17).

The post-hoc pair-wise analyses of THERAPY ×
GROUP interaction differences showed the presence of
clear (at the edge of significance) between-group differ-
ence (i.e., C1S2 versus S1C2) in CIAT effect (p = 0.051
[0.89 ± 0.44, 95% CI = –0.02 to 1.80)—the change in
the C1S2 group was much larger (Figure S2(b)), while
other therapies’ effects (i.e., SAT and NoT) did not dif-
fer between groups (p > 0.13 in both cases). The order
of the therapies’ delivery did not show any significant in-
fluence, although first delivered therapy had the largest
effect in both patients’ groups.

Total number of information carrying words
(NICW)

Between-group time-wise analyses

The results of a two-way mixed ANOVA showed sig-
nificant effect of the factor TIME (F(3,45) = 17.196,
p < 0.0001, ε2 = 0.54) only, while the effect of the
factor GROUP was not (F(1,15) = 1.467, p = 0.24, ε2 =
0.09); however, there was a trend towards the presence
of TIME × GROUP interaction although it failed to reach
significance threshold (F(3,45) = 2.282, p = 0.09, ε2 =
0.13).

Figure 1(d) shows the mean scores of the tested
groups’ NICW performance. The post-hoc analysis of

within-group pair-wise differences confirmed time pat-
terns that differed between groups. In the S1C2 group,
the t2–t1 change (SAT) and the t3–t2 change (CIAT)
showed only some minor non-significant improvements
(p > 0.14 in both cases); although the t3–t1 difference
(the overall improvement at t3 time point in comparison
with the baseline) showed obvious cumulative improve-
ment which was just at the significance threshold (p =
0.05 [5.67 ± 2.81, 95% CI = 0.00–11.33]). More-
over, the t4–t3 change (NoT) showed also some minor
non-significant change (p = 0.21); eventually, the over-
all cumulative improvement in comparison with the
baseline (i.e., t4–t1 difference) was clearly significant
(p = 0.002 [9.22 ± 2.81, 95% CI = 3.56–14.89]).

In contrast, in the C1S2 group, the t2–t1 change
(CIAT) showed clear and significant improvement
(p = 0.005 [8.88 ± 2.98, 95% CI = 2.87–14.88]),
while the t3–t2 change (SAT) showed much less im-
provement (3.50 ± 2.98) which was not significant
(p = 0.25); the t3–t1 difference (the overall improve-
ment at t3 time point in comparison with the base-
line) was significant (p = 0.0001 [12.38 ± 2.98, 95%
CI = 6.37–18.38]). In addition, the t4–t3 change
(NoT) showed also large improvement (p = 0.017 [7.38
± 2.98, 95% CI = 1.37–13.38]), pushing the overall cu-
mulative improvement in comparison with the baseline
(i.e., t4–t1 difference) further up (p < 0.0001 [19.75 ±
2.98, 95% CI = 13.74–25.76]).

However, in spite of the aforementioned differences
and although the C1S2 group consistently showed better
results, the post-hoc pair-wise analysis of between group
differences at t2 and t3 time points did not find any of
the differences to be significant (p > 0.20 in both cases),
only the difference at t4 was large enough to show some
trend towards significance (p = 0.086 [13.61 ± 7.52,
95% CI = –2.32 to 29.54]).

Between-therapies factorial analyses

The results of two-way mixed ANOVA, when different
therapies were treated as factors instead of time, did
not find the effects of either of the factors, the GROUP

(F(1,15) = 2.762, p = 0.12, ε2 = 0.16) or the THERAPY

(F(2,30) = 0.382, p = 0.69, ε2 = 0.025), to be significant;
the THERAPY × GROUP interaction was not significant,
too (F(2,30) = 1.886, p = 0.17, ε2 = 0.11).

Discussion

The aim of this study was to examine the comparative
efficacy of the CIAT and the SAT on naming ability
and spontaneous sentence production. A crossover de-
sign was chosen to shed more light onto the interplay
between the two important factors of aphasia therapy,
massed practice (applied as an isolated factor during
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SAT) and constrained use of the language modality (ap-
plied, together with massed practice, during CIAT).
To our knowledge, this is the first crossover study di-
rectly comparing CIAT and a traditional aphasia therapy
approach.1

One of the most striking findings of the study is
that there is a quite clear improvement in all measured
variables of expressive language skills, which seems to
have been associated with aphasia therapy. Factor TIME,
reflecting the impact of presence of a therapy, was
found to have a significant effect on both naming and
spontaneous sentence production. This is in keeping
with already reported findings from previous studies
(Basso et al. 1979, Kirmess and Maher 2010, Brady et al.
2016). Regardless of the order of the therapies received,
all patients demonstrated significant improvement,
suggesting that both rehabilitation therapies when
done within massed practice in principle have an effect
on language production. Similar finding were already
reported in other studies (Basso and Caporali 2001,
Bhogal et al. 2003, Barthel et al. 2008, Rose et al. 2013,
2016, Sickert et al. 2014, Woldag et al. 2017).

Another important finding of this study is related
to the persistence of the achieved improvement. At the
final assessment, after 1 month of no therapy, follow-
ing 2 months of aphasia therapy in a massed-practice
fashion (with maximization of quantity and frequency
of language therapy), the achieved level of all measures
of expressive language was maintained, while trend for
further improvements continued for the total number
of sentences produced and for the total number of in-
formation carrying words. This seems to confirm an
assumption made by Pulvermüller and Berthier (2008)
that once functional connections within the linguistic
network are well re-established, following a period of in-
tense treatment, further linguistic functioning will suc-
cessfully carry on even in absence of further therapy.

Regarding the direct aims of this study, the data
showed that CIAT was significantly better than SAT
for naming recovery, regardless of the order the thera-
pies were administered (i.e., the two treatment groups).
However, the order of therapies did have a significant
impact on naming recovery on its own accord—the
time-course of naming recovery differed related to which
therapy was administered first. The patients who started
with CIAT and continued with SAT had higher fi-
nal (i.e., last follow-up) naming ability improvement
than the group who started with SAT and continued
with CIAT. Furthermore, the patients who started with
CIAT first had significant recovery after CIAT, signif-
icantly higher than the group who started with SAT,
while improvement after SAT (i.e., second month of
therapy) was not significant. In contrast, the patients
who started with SAT had significant overall nam-
ing skills recovery following 2 months of therapy, but

improvement following individual months on each of
the types of the therapies (regardless whether SAT or
CIA) was not significant. It seems that a systematic con-
straint of verbal communication modalities with the
practice of targeted language skills have a greater im-
pact on patients’ early word production recovery than
a standard approach, even in a massed-practice fash-
ion. It was already noted that CIAT leads to significant
improvement of language skills even within 5–14 days
of intense practise (Szaflarski et al. 2008, Pulvermüller
et al. 2001, 2005, Meinzer et al. 2005), and has greater
impact on language improvement as compared with Pro-
moting Aphasic Communicative Effectiveness (PACE)
therapy allowing all modes of communication (Maher
et al. 2006), suggesting a beneficial effect of forced use
of spoken language. Kirmess and Maher (2010) also
reported significant expressive speech recovery in their
patients after aphasia rehabilitation using principles of
CIAT.

Although our data do not imply that CIAT brings
greater benefits on naming ability in every circumstance,
they nevertheless strongly suggest that the constrained
practice of language modality, particularly if applied at
the starting point of aphasia rehabilitation, within a year
of its onset, has a significantly higher impact on word
production as compared with the SAT approach. In the
study of patients with chronic aphasia after receiving
CIAT for 2 weeks Pulvermüller et al. (2005), using
event-related potentials recorded while aphasic patients
were presented with language stimuli, documented the
relationship between the neurophysiological change,
the enhancement of the cortical sources generated by
presentation of singe words and word production the
improvement after the CIAT therapy. Their explanation
was that massive language use within therapy sessions
may have strengthened the internal connections within
the neuronal ensembles that form the substrate of word
processing. This way the networks became not only
easier to activate but also produced stronger neurophys-
iological activation after therapy. In parallel with this,
the frequent activation during therapy may have also led
to the integration of adjacent neurons into language-
related neuronal assemblies. All these changes would
eventually lead to both the improvements on aphasia
tests and the increase of cortical activation by words (Pul-
vermüller et al. 2005). The results indicate that forced
and intense practise of systematic constraint of verbal
communication modalities applied at the beginning of
aphasia therapy could engage the above-mentioned pro-
cesses to a higher degree than traditional aphasia therapy.
In addition, data obtained from the final 1 month
post-rehabilitation assessment suggest that once the
word-processing networks are sufficiently activated, it is
no longer necessary to maintain forced constraint lan-
guage skills practise through therapy sessions. This is in
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keeping with the theoretical framework developed
by Pulvermüller and Berthier (2008) regarding the
sustainability of the aphasia therapy effects.

Regarding spontaneous sentence production, it is
of note that all patients showed significant improve-
ment with time in all three measures (i.e., NS, SD and
NICW), suggesting a beneficial effect of massed ther-
apy, regardless of the type of therapy applied. The SD
and NICW did not show any major effect of either
the groups or the therapy types. In contrast, the NS
showed significant interaction between time (i.e., the
presence of therapy) and group, as well as a trend for an
interaction between type of therapy and group, mani-
festing in much higher degree of improvement following
both types of therapy in the group of patients who had
CIAT first. This is in keeping with the results obtained
with naming and further supports the hypothesis that
massed and constrained aphasia therapy applied early in
the therapy process has an additional beneficial effect
for aphasia recovery. There are little published data on
the effects of CIAT on this aspect of language produc-
tion and none directly compared CIAT with SAT, but
all noted improvement in spontaneous sentence produc-
tion following CIAT (Szaflarski et al. 2008, Faroqi-Shah
and Virion 2009).

Before concluding, it has to be said that the results of
this study necessitate a level of caution when attempting
to make a general conclusion related to aphasia therapy
and recovery. For ethical reasons, a group of untreated
patients was not part of study design, thus preventing
proper assessment of the effect of the spontaneous lan-
guage recovery, which typically occurs early after stroke
(Poeck et al. 1989). In addition, although there was no
statistically significant difference between groups regard-
ing aphasia duration and severity, the groups neverthe-
less had slightly different distribution of these variables,
which might have influenced the results to a degree.
Moreover, in the S1C2 groups there were slightly more
patients with global aphasia than in the C1S2 group.
The type of aphasia certainly influenced the therapy
outcomes. However, crossover design and factorial anal-
ysis were both designed to minimize its influence. The
fact that between-group factorial analysis essentially con-
firmed results of the between-group time-wise analysis
regarding the main results of the study (i.e., improve-
ment in naming) should suggest that the differences
in type of aphasia distribution between experimental
groups did not have a decisive effect.

In spite of these limitations, the results obtained
confirmed that the maximization of quantity and
frequency of language therapy have a significant impact
on the improvement of naming and spontaneous
sentence production. In addition, the data suggest
that constrained use of the language modality early
in aphasia therapy, as practised in CIAT, confers an

additional benefit to massed practice, particularly on
naming ability and on spontaneous sentence produc-
tion. This is quite a promising result, but certainly
further studies are required to clarify all the issues
related to its application into everyday clinical practice.
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Note

1. It has to be stated that Rose et al. (2013, 2016) used a crossover
design, but they compared CIAT with another novel therapy ap-
proach, so-called multimodality aphasia therapy, which in essence
also relied on constrained use of language for expression. More-
over, they concentrated on patients with a longer duration of
aphasia (more than 12 months), in contrast to our patients who
all had aphasia lasting for fewer than 12 months.
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