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Objectives: Aphasia is an acquired language-cognitive disorder that highly affects an
individual’s speech, language, and communication skills. Recovery from aphasia
requires attentive treatment since it is a long and dynamic process. This study
aimed to show interactive benefits of combining classical intervention strategies
with new technological approaches and demonstrating their effectiveness. Materials
and methods: A total of 40 individuals with Broca’s aphasia were included in the
study. The participants were divided into Application-1 Speech and Language
Therapy, Application-2 Transcranial Magnetic Stimulation, Application-3 (consecu-
tive Transcranial Magnetic Stimulation and Speech and Language Therapy), and
Application-4 (Control Group) experimental groups, with 10 participants in each
group. Results: Analysis indicated that individuals in the group in which Transcra-
nial Magnetic Stimulation and Speech and Language Therapy were applied consec-
utively had further increases in speech fluency, repetition, and naming scores from
pre-test to post-test (p<0.01). Picture naming and quality-of-life communication
scores of individuals in the group in which Speech and Language Therapy was per-
formed increased further from pre-test to post-test (p<0.01). Conclusions: The results
of the study showed a positive effect on language skills, naming scores, and partici-
pation in social life of Turkish-speaking aphasic individuals with the Speech and
Language Therapy and Transcranial Magnetic Stimulation methods. The use of
Transcranial Magnetic Stimulation alone is insufficient in this context. Although
Speech and Language Therapy alone is effective in naming ability, Transcranial
Magnetic Stimulation in addition to Speech and Language Therapy significantly
increases the gain obtained with therapies.
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Stroke, which can occur at any time in a person’s life, is
one of the most prevalent causes of death and disability.
This clinically impactful disorder may evolve as a process
and affects an individual's language functions and the
quality of life. Aphasia, as a consequence of stroke,'” is a
cognitive-linguistic disorder that affects communication
capacity as a result of partial and/or total damage to brain
regions related to language and speech.” Some patients
with aphasia may show mainly problems in using the cor-
rect words in speaking whereas others may have more
severe problems such as the inability to understand and/
or express a simple message.”
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Aphasia directly limits independence (e.g., managing
own’s bank account), life activities and daily routines
(e.g., using the phone, shopping, bathing), and social life
participation.5 When it becomes chronic, aphasia causes
long-term disabili’fy,6 low quality of life,” and high social
burden.’

Recovery from aphasia requires attentive treatment.”
Available treatment methods have not yet been approved
for repairing the damaged parts of the brain” or restoring
aphasia.'’ However, Speech and Language Therapy (SLT)
and Transcranial Magnetic Stimulation (TMS) approaches
have been used in the treatment of aphasia independent
one from another. In aphasia treatment, SLT still remains
as a good option, but other forms of promoter therapy are
desirable to maximize, accelerate and recovery, particu-
larly in the chronic phase. Studies show that TMS can sig-
nificantly improve language outcomes in patients with
aphasia.'' "' However, there is not currently a single uni-
versally accepted method to treat aphasia. All therapies
should be adjusted to the individual needs of the
patient."*

The intensity of treatments and the aphasia profile of
the patients undoubtedly influence the success of the
approach on picture naming performance. However, not
all therapy approaches used to treat aphasia yield in equal
outcomes.'® Timing, intensity, duration, service delivery
are factors that influence the success of treatments.™'*'”

SLT interventions more broadly generates positive
treatment outcomes. A recent review of the literature
reveals several studies regarding the influence of SLT and
TMS on the treatment of aphasia. Quique et al. 18 reviewed
12 studies and found a positive correlation between the
amount of therapy and individual performance on seman-
tically related words. In another review of 10 studies'’
found SLT to be effective in the ability to name words.
Brady et al.”’ analyzed 53 studies to examine the effect of
SLT on aphasia and concluded that a higher intensity of
SLT is more beneficial for aphasia treatment. Several other
studies indicated the positive effect of SLT on naming, use
of meaningful sentences, informative accuracy, and object
naming level,”! word naming,zz'23 communication and
sentence produc’tion,24 quality of life, psychological well-
being,” and neuroplastic change.”

Semantic Feature Analysis is a one of the SLT technique
in which patients with aphasia are asked to produce
words that are semantically related to the target word
that they cannot name.”® Since it has been suggested that
the speech production difficulty arises from an impaired
semantic network, the aim of therapy is to partially
restore semantic connections.”® Hypothetically, semantic
feature analysis improves the retrieval of conceptual
information by accessing and improving semantic net-
works.” Increased activation of the semantic network sur-
rounding the target word increases the likelihood of word
retrieval.”*”® The present study used semantic feature
analysis. This approach includes diverse language and
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speaking skills such as auditory comprehension, naming,
repetition, spontaneous speech production, concept
knowledge, and sentence production.

Like the effects of SLT, TMS was also found to be an
effective approach for treating aphasia. The positive effect
of TMS on improving language performance of individu-
als with aphasia has been reported over the last few
years.””” Tlkhani et al.”" found that application of 1 Hz
rTMS in 10 sessions in the right hemisphere increases
naming skills in individuals with aphasia following
stroke. In the right hemisphere, 1 Hz rTMS application
was found to be effective on speech and communication
skills,”” naming skills,”*** and comprehension and repeti-
tion.””

All these findings suggest significant influence of SLT
and TMS approaches on the treatment of individuals with
aphasia in terms of language skills. However, there is still
limited knowledge on how SLT and TMS applied together
to increase the language performance of individuals with
aphasia. Thus, further investigation is needed to deter-
mine if SLT and TMS together improve language perfor-
mance compared with only SLT and only TMS.
Accordingly, the main purpose of the study was to inves-
tigate therapies in which a) SLT alone, b) TMS alone, and
¢) SLT+TMS consecutively in the treatment of individuals
with aphasia. The following research questions were
addressed in the study: 1) Is there a significant difference
among individuals who received only SLT, only TMS,
SLT + TMS together, or no treatment regarding the fol-
lowing comprehension language modalities (speech flu-
ency, auditory, repetition, and picture naming), matched
with quality of life (physical, communication, psycho-
social and energy).

Method
Study design and participants

Our study includes 3 tests. These tests consisted of pre-
test, post-test and follow-up tests and the findings were
compared with the control group. The person who con-
ducts the therapies and the person who conducts the tests
are different and that the therapist who conducts the tests
had any knowledge about the group assignment of the
participants. To examine the individual effect of treatment
methods (TMS or SLT) and combined effect of treatment
methods (TMS + SLT) compared to the control group,
four groups were recruited (Fig. 1). Group 1 includes indi-
viduals receiving only SLT, Group 2 includes individuals
receiving only TMS, and Group 3 included individuals
receiving both SLT and TMS treatments consecutively
and the control group includes the individuals that did
not receive any of these treatments.

Initially data from 132 patients were obtained from the
neurology department of a university hospital. Of these
132 patients, 112 patients were diagnosed with aphasia
following neurological examination, MR imaging and
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Fig. 1. Experimental implementation process of the study.

EEG, and a speech and language therapist evaluation.
Participants were at least nine months post stroke, and
their native language was Turkish. All participants were
above 18 years of age, were literate and able to under-
stand task instructions. They were right-handed, have
never taken psychotropic medication, and not diagnosed
with cognitive disorders that affected their daily life. Of
the 112 screened patients 40 were available to participate
in the study. The rest had a history of epilepsy or aneu-
rysm, used a pacemaker, already recovered from aphasia
or died, could not be reached, or did not wish to take part
in the study. The selection process of the participants
appears in Fig. 2.

The participants were randomly assigned into four
groups, each of which included ten individuals with
aphasia. Fig. 4 illustrates the randomization process of the
grouping and assignment of the groups.

Demographics of the participants are given in Table 1.
Group efficacy was assessed with variables as sex, age,

level of education and tests of Beck depression, the hand-
edness preference test and a Turkish version of Test Your
Memory TYM-TR.” A significant difference among the
groups was not observed for scores. Two-way ANOVA
test was performed and the p value was found as < 0.05.

Ethical approval was received from the Clinical
Research Ethics Committee of Uskiidar University
(Desion N.:99102440-/2019-13). Voluntary informed con-
sent was obtained from all the participants, and SLT and
TMS treatments were provided free of charge to all partic-
ipants.

Data collection tools

Three data collection tools were used for assessing
aphasia level, the quality of life, and naming skills. In
addition, the Edinburgh Handedness Preference test
(EHPT),” Beck Depression Scale (BDS) (adapted by40),
and Test Your Memory — Turkish (TYT-TR)*® were used
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Initial Selection Criteria

* Having neurology examination
* Having MR imaging and EGG scans

* Diagnosed with aphasia

* At least 6 months passed after diagnose

Patients with aphasia
(n=112)

Inclusion Criteria

* Agedover 18

* Speaking Turkish
* Being literate

* Being independence in daily

routines
* Using right hand

* Not using psychotropic

medication
* Signing consent form

Exclusion Criteria

* Epilepsy history (n=12)
* Using pacemaker (n=1)
* Having aneurysm (n=1)
* Recovered (n=8)

* Died (n=1)

* Notreached (n=13)

* Not volunteer (n=36)

Participants
(n=40)

oroups

Randomly assigned to

l

Treatment I
(SLT)
(n=10)

Treatment 11 Treatment III Conirol
(TMS) (SLT+TMS) (n=10)
(n=10) (n=10)

Fig. 2. Selection process.
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Table 1. Demographics.

Treatment I Treatment IT Treatment III Control Group
(SLT) (n=10) (TMS) (n=10) (SLT + TMS) (n=10) Comparison
(n=10)
Sex
Female 5 5 4 3 X’=1.125
Male 5 5 6 7 p=0.771
Mean time since stroke (months) 104 12.3 10.6 10.1 p=0.12
Age (years) 60.00+£5.05 59.30+5.83 59.70£5.31 57.70+£3.56  F=0.418 p=0.741
Level of Education X>=8.819 p=0.455
Elementary 2 1 1 -
Middle 1 2 - 1
Secondary 4 7 5 5
University 3 - 4 4
Beck Depression 14.70+7.34 13.50+4.88 12.9045.80 18.30£5.20  F=1.688 p=0.187
TYM-TR 19.70£2.75 19.40+4.11 23.50£3.20 18.40+£3.23 F=4.421 p=0.010*
*p<0.05.

for the inclusion criteria of participating into the experi-
ment.

Demographic information form

Developed by the researchers, this form was used to
determine demographics (e.g., age, gender, level of educa-
tion) of the participants.

Stroke and aphasia quality of life scale (SAQOL-39)

Developed by Hilari et al.*' for investigating quality of
life of individuals with aphasia, SAQOL-39 was adapted
into Turkish by Noyan.*” SAQOL-39 includes 39 items on
a 5-point Likert—type scale (5 — strongly agree to 1 —
strongly disagree). Hilari et al.*' reportes that psychomet-
ric analysis of the instrument reveals four dimensions as
physical (17 items, o = .94), communication (7 items,
a =.77), psychosocial (11 items, o = .86), and energy (4
items, o = .70). A higher total score indicates higher per-
ceived quality of life.

Test of language assessment in aphasia (ADD)

ADD was developed for individuals with brain injury
to (a) determine their performance in all language
domains, (b) diagnose aphasia, and (c) select appropriate
therapy goals.43 The instrument, which is the standard-
ized for language assessment of aphasia and was com-
pleted by a clinician, consists of 186 items on a three-point
Likert scale (2 — correct/independent response, 1 — lim-
ited/insufficient response, and 0 — no response) and eight
sub-dimensions, but only four of them were used for the
present study—speech fluency (16 items, o = .94), audi-
tory comprehension (33 items, o = .97), repetition (10
items, & = .97), and naming (22 items, & = .99), the score
of which supplies language proficiency.

Test of Language Assessment in Turkish (ADD) is used
routinely to evaluate aphasic language function, and has
high internal consistency, test-retest reliability, and valid-
ity. ADD is also widely used to determine the presence,
type, and severity of aphasia. In ADD, by evaluating lan-
guage profiles for fluency, comprehension, repetition, and
naming aphasia can be classified into subtypes. In addi-
tion, ADD describes severities of aphasia as aphasia quo-
tients (AQ), the same as we observe in Western Aphasia
Battery.***® ADD has 9 subtests. The Aphasia Quotient
(AQ) is a sum of four subtest scores from the first part of
the ADD (Spontaneous speech, Auditory verbal compre-
hension, Repetition, and Naming). The tester can use the
AQ score to classify the client’s aphasia severity for each
subtest compared to total score of each modality. As seen
in the following Table 2. The severity score is determined
by dividing the total score into 4. Since we compared all
ADD scores between the groups and shared the relevant
changes before and after the therapies and during the fol-
low-up test processes, the severity was not calculated
again. The detailed participants severity calculation
results shared in Table 3. Mean severities expressed as
AQ values were; in pre-tests applications SLT+TMS 92,2,
SLT 83,6, TMS 80,3 and Control 78,6; in the post-tests SLT
+TMS means 137,6, SLT 111,7, TMS 97,1 and Control 86,6
scores and in the follow-up tests, SLT+TMS 141,9, SLT
115,0, TMS 101,9 and Control 94,6 scores (Table 3).

Picture naming test — Turkish (T-RAT)

T-RAT was developed in a Scientific Research Project
(COST Action IS1208) to assess confrontation naming
with 150 pictures in participants with aphasia.”’ The
instrument included 150 words assessed based on correct
(1 point) and incorrect (0 point) response, the highest
score of which is 150 for naming all the pictures correctly.
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Table 2. Scores determining the severity of aphasia.

AQ Score Speech Fluency Auditory Comprehension Repetition Naming Total Score
Severity Total: 32 points Total: 66 points Total: 20 points. Total: 44 points (162 points)
Very Severe 0-8 1-15 0-5 0-10 0-38
Severe 9-16 16-30 6-10 11-22 39-78
Moderate 17-24 31-45 11-15 23-33 79-117
Mild 25+ 46+ 16+ 34+ 118+

(AQ): Aphasia Quotient.

Table 3. Participants aphasia severity scores.

ID Treatment Speech Auditory Repetition Naming Aphasia Severity AQ Score
Group Fluency Comprehension (Total Score) Severity
K21 SLT+TMS 11 57 7 17 92 Moderate
K8 SLT+TMS 22 54 12 34 61 Severe
K11 SLT+TMS 13 40 14 16 73 Moderate
K22 SLT+TMS 19 58 16 24 116 Moderate
K13 SLT+TMS 19 58 14 21 112 Moderate
K17 SLT+TMS 14 46 16 20 96 Moderate
K9 SLT+TMS 10 30 10 23 73 Severe
K6 SLT+TMS 16 50 14 32 112 Moderate
K1 SLT+TMS 14 48 16 32 110 Moderate
K7 SLT+TMS 15 35 14 13 77 Severe
K4 SLT 9 12 15 8 44 Severe
K5 SLT 9 54 8 28 99 Moderate
K10 SLT 9 35 5 11 60 Severe
K14 SLT 15 58 11 18 102 Moderate
K20 SLT 15 60 10 19 104 Moderate
K23 SLT 14 44 9 17 84 Moderate
K24 SLT 17 46 10 15 88 Moderate
K25 SLT 9 37 10 8 64 Severe
K26 SLT 13 58 8 13 92 Moderate
K28 SLT 15 54 7 21 97 Moderate
K27 TMS 16 60 5 20 101 Moderate
K29 TMS 16 58 8 24 106 Moderate
K30 TMS 15 46 6 4 71 Severe
K32 TMS 13 47 5 24 89 Moderate
K36 TMS 10 40 8 19 77 Severe
K2 TMS 7 23 12 4 46 Severe
K3 TMS 8 13 8 5 39 Severe
K15 TMS 12 57 7 23 99 Moderate
K16 TMS 14 66 8 21 109 Moderate
K19 TMS 15 26 7 18 66 Severe
K34 Control 9 40 6 4 59 Severe
K40 Control 16 46 6 17 85 Moderate
K39 Control 12 56 10 13 91 Moderate
K37 Control 22 54 7 9 92 Moderate
K35 Control 22 49 8 10 89 Moderate
K38 Control 11 55 6 16 88 Moderate
K31 Control 12 56 6 12 86 Moderate
K33 Control 14 53 8 11 86 Moderate
K18 Control 10 33 10 12 65 Severe
K12 Control 6 22 6 11 45 Severe

(AQ): Aphasia Quotient.
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Treatment data collection

Study data were collected in the first quarter of 2020.
The treatment data collection process is outlined in
Table 4. During therapy, a drawing/illustration what the
word represents was first shown to the participant, and
the participant was asked with a confrontation naming
and was given 5 seconds to name it. Even if the partici-
pant correctly named the word shown to them, the rele-
vant questions and their answers regarding the relevant
features of the object were elicited. If the participant did
not produce the word within the expected time or had dif-
ficulty in producing it, the participant was given a cue. A
certain hierarchy was followed when giving cues. When
the participant could not name the word (e.g., cat), verbal
cues were given. In the original therapy, the phonemic
first letter of the word (e.g., /k/) or the intonation of the
word or the word itself (e.g., /cat/) was given as a cue."’
The word naming and cueing process followed in the
present study is shown in Fig. 3. For participants who
could not name the word but made an effort to produce
it, the first syllable of the word is imitated with the lips to
help the patient recall and produce the word. The cue
given at this stage is called lip forming. If the therapist
was able to name the word, the therapist moved on to
other related words, but if the participant was unable to
name the word, the therapist moved on to the second
phase. Where the first sound of the object was spoken
aloud, followed by the first syllable and then the first syl-
lable and the melody for the syllable. If the participant
could name the word, the relevant questions were asked,
but if the word could not be named, the clue in the third
stage was given. In the last phase, the name of the word
was told, and the participant was asked to repeat the
name. After the participant’s repetition, the other words
were asked. The words grouped into five categories (20
objects) were practised for three sessions, whether the par-
ticipant named them or not, following the process shown
in Fig. 3. The category changes every three sessions.

Neuro navigation was used in the study, and the F8
region was determined by this method. TMS application
to the motor cortex greater than the motor threshold may

cause muscle contraction and motor excitation potential
(MEP). The motor threshold was determined by pulsing
and thumb movement. The time between thumb move-
ments can be recorded by TMS and is called conduction
time.*’

The assessment instruments were applied as pre-
tests at the beginning of the study, but three (BDS,
TYM-TR, and EHPT) were only used as selection crite-
ria. SQOAL-39, ADD, and T-RAT were repeated three
times as pre-test, post-test, and follow-up. After pre-
test measurements, Treatment I group received SLT,
Treatment II group received TMS, Treatment III group
received SLT and TMS consecutively, and no treatment
was provided to the control group. Treatments took
three weeks for fifteen therapy sessions. When the
treatment phases were completed, the three measures
were re-administrated a day after the end of the thera-
pies. After a month with no treatments, the partici-
pants completed the instruments as a follow up.

TreatmentI — SLT

Semantic Feature Analysis based SLT was structured.
The words used in treatment were selected according to
their frequency of use in everyday language. In her doc-
toral dissertation on verbal fluency, Tunger (2011) listed
the elicited concepts in various categories such as animals,
vegetables and fruits, vehicles, clothes, body parts and
furniture in her doctoral thesis study with in determined
age groups. In the study, the word frequency tables
reported in Tunger’s (2011) study were considered and
words with high, medium and low frequency in daily lan-
guage were used in Semantic Feature Analysis. Therefore,
treatment materials including diagrams, related catego-
ries, and the responses were designed by using the words
drawn from the study by Tunger.”® When selecting cate-
gories, the functionality and usage of the words in these
categories in the daily lives of individuals with aphasia
and their involvement in their vital needs were taken into
consideration. Within the scope of the study, verbal flu-
ency values were taken into consideration in the selection

Table 4. Experimentation process.

Group Pre-test Treatment Post-test 1 month Follow-up test
(three weeks)

Treatment I BDS, TYM-TR, EHPT, SLT SAQOL-39 No treatment SAQOL-39
SAQOL-39 ADD, T-RAT ADD T-RAT ADD T-RAT

Treatment I1 BDS, TYM-TR, EHPT, T™MS SAQOL-39 No treatment SAQOL-39
SAQOL-39 ADD, T-RAT ADD T-RAT ADD T-RAT

Treatment II1 BDS, TYM-TR, EHPT, SLT + TMS SAQOL-39 No treatment SAQOL-39
SAQOL-39 ADD, T-RAT ADD T-RAT ADD T-RAT

Control BDS, TYM-TR, EHPT, No treatment SAQOL-39 No treatment SAQOL-39
SAQOL-39 ADD, T-RAT ADD T-RAT ADD T-RAT
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Fig. 3. Word naming and clue stages in SLT process.

of the words to be used in the Semantic Features Analysis.
Verbal fluency is measured by the number of words that
individuals produce in a certain period of time in accor-
dance with the desired conditions.” Words with high ver-
bal fluency have higher learnability. In addition, the more
frequently a word is used in a language, the lower the
activation threshold of that word and the easier it will be
to recall.”

A diagram with the relevant picture for each word and
worksheets with related categories and responses were
used as practice materials. The clinical practice schedule
in which Semantic Features Analysis was applied within

the scope of Speech and Language Therapy (SLT) and
individually in terms of sessions for each participant.; for
each participant, it was carried out in a total of 5 sessions
of 30 minutes each day from Monday to Friday. No appli-
cations were made on Saturday and Sunday. DCT practi-
ces continued in this way for three weeks. As a result,
each participant in the intervention group participated in
15 sessions lasting 450 minutes in total.

The pictorial referents of the words used in the treat-
ment sessions were taken from Shutterstock. Copyright
costs were paid. The pictures were placed on white paper
on with no distractions. During SLT treatment sessions,

Patients

10 patients

10 patients
40 individuals

with aphasia

10 patients

Random
. k ‘ Groups %
selection

)

| S
)

S
)

~—

10 patients I

Treatment and
control groups

Random
assignment

Treatment I

(SLT)

)
Treatment IT
(TMS)

—
SR

Treatment IIT
(SLT+TMU)
~—

/1\\

Control

Fig. 4. Randomization of the participants.
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each stimulus set was shown to each participant one at a
time. Participants were asked “what is this picture?” and
given up to five minutes to respond to the question. If par-
ticipants were unable to name the picture spontaneously,
they provided with cues relevant to the target word as
needed. The therapist also followed all-therapy steps.
Even if the patient is able to name pictures, studies have
been carried out in our study to ask related questions and
make naming other than the target word, in order to pro-
vide more verbal output with the activation of related
semantic networks. SLT treatment took place over three
weeks, and each of the 15 sessions lasted 30 minutes. The
steps followed in the naming and cueing phase for the tar-
get words are shown in Fig. 3.

Treatment II — TMS

During this phase, 15 sessions of repeated Transcranial
Magnetic Stimulation Therapy (rTMS) were applied. Mag-
stim/Rapid 2 model 3012-00 rTMS device was used for
stimulation. After determining the resting motor thresh-
olds (rMT) of the participants, TMS was applied on the
head area of the primary motor cortex in the unaffected
right hemisphere, determined by neuro-navigation. r-TMS
application was followed for 20 minutes in the right infe-
rior frontal gyrus (F8) at a magnitude of 1Hz and 1500
pulses with the motor threshold as 110% for 15 days

(Fig. 5).

Treatment III — SLT+TMS

SLT and TMS were applied consecutively to Group 3.
After each TMS session and SLT treatment started

Left

NASION

- + -

| ~

~
/ ! N

@ I

/ @ @ \
’ | \
! | \

@-—-@-—-@-—---

immediately. Treatment consisted of 15 sessions of 30
minutes TMS + 30 minutes SLT. Applied rTMS parame-
ters were the same as in TMS only.

Statistical analyses

The data were analyzed in two phases. In the first
phase, data cleaning (mainly missing data and outliers)
and parametric assumption tests were performed. No
missing data or outliers were detected [Z-scores were
between the ranges of [-3.29, +3.29].”% In the paramet-
ric assumption tests were not used since the number
of the individuals in each group was lower than 30.”
The normal distribution of the data was checked with
the Kolmogorov-Smirnov test.”” Since the number of
participants was fever than 30 in each group, non-
parametric tests were used. In multi-group compari-
son, ANOVA is used because our samples show a nor-
mal distribution. Consequently, the Friedman test was
performed for comparing pre-test, post-test and fol-
low-up comparison, while the Kruskal—Wallis test was
performed for group (treatment —control) comparison.
All analyses were run at 95% confidence interval, and
n? was calculated for effect sizes.

Results

Demographic and neuropsychological characteristics of
the participants are presented in Table 1. The treatment
groups and the control group were equal in terms of sex,
X2 =1.125,p =0.771, age, F = 0.418, p = 0.741, level of edu-
cation, X2 = 8819, p = 0455, and Beck depression,
F=1.688, p = 0.187, but not TYM-TR, F = 4.421, p = 0.01.

Fig. 5. TMS application area.
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Table 5. Pre-test — post-test — follow-up test comparisons for treatment and control groups.

Dimension Source of

Two-Way Repeated Measures ANOVA

variance Wilk’s A

F (dfy, df,) p Effect 1

Speech Fluency Main

Wilk’s A = 0.379, F (2, 35) = 28.643; p<0.05, partial 1)°=0.621 34894  (2,6) 0.000* 0.492

Interaction  Wilk’s A = 0.513, F (6, 70) = 4.620; p<0.05, partial 1)?=0.284 6.534 (2,6) 0.000* 0.353

Between 14.117 (3, 36) 0.000*  0.541

Auditory Main Wilk’s A = 0.309, F (2, 35) = 39.107; p<0,05, partial T]2:0.692 47.287 (2,6) 0.000*  0.568
Comprehension  Interaction  Wilk’s A=1512,F (6, 70) = 4.620; p>0.05 1.713 2,6) 0.130 0.125
Between 1.082 (3, 36) 0.369 0.083

Repetition Main Wilk’s A =0.583, F (2,35) =12.521; p<0.05, partial 1]2:0.417 12.432 (2,6) 0.000*  0.257
Interaction ~ Wilk’s A = 0.782, F (6, 70) = 4.620; p>0.05 1.734 (2,6) 0.125 0.126

Between 22.695 (3, 36) 0.000%  0.952

Naming Main Wilk’s A =0.297, F (2, 35) = 41.373; p<0.05, partial T]220.703 60.476 (2,6) 0.000*  0.627

Interaction  Wilk’s A = 0.550, F (6, 70) = 4.067; p<0.05, partial 1)?=0.259 6.534 (2,6) 0.000* 0.353

Between 12.055 (3, 36) 0.000*  0.501
SAQOL — 39 — Main Wilk’s A = 0.962, F (2, 35) = 0.962; p>0.05 0.735 (2,6) 0.441 0.020
Physical Interaction  Wilk’s A = 0.719, F (6, 70) = 4.620; p>0.05 2.299 (2,6) 0.068 0.161
Between 1.555 (3, 36) 0.217 0.115
SAQOL — 39 — Main Wilk’s A = 0.125, F (2, 35) = 122.615; p<0.05, partial T]2:0.875 177.925 (2,6) 0.000%  0.832
Communication Interaction Wilk’s A = 0.431, F (6, 70) = 6.109; p<0.05, partial T]2=0.344 0.964 2,6) 0.424 0.074
Between 2.506 (3, 36) 0.074 0.173
SAQOL — 39 — Main Wilk’s A =0.957, F (2, 35) = 0.792; p>0.05 1.170 (2,6) 0.307 0.031
Psychosocial Interaction Wilk’s A =0.780, F (6, 70) = 2.547; p<0.05, partial T]2=0.1 17 2.073 2,6) 0.088 0.147
Between 0.322 (3, 36) 0.809 0.026
SAQOL — 39 — Main Wilk’s A =0.998, F (2, 35) = 0.028; p>0.05 0.038 (2,6) 0.962  0.001
Energy Interaction  Wilk’s A = 0.738, F (6, 70) = 1.912; p>0.05 2.081 (2,6) 0.066 0.148
Between 0.564 3,36 0.642  0.045
Picture Naming Main Wilk’s A =0.192, F (2, 35 = 73.695; p<0.05, partial ”r]2=0.808 88.187 (2,6) 0.000* 0.710
Test — TR Interaction ~ Wilk’s A = 0.270, F (6, 70) = 4.067; p<0.05, partial ’T]2=0.481 18.406 (2,6) 0.000*  0.605
Between 3.421 (3, 36) 0.027 0.222

*p < 0.05.

Comparison of treatment groups with control group

To compare treatment groups with the control group in
terms of study variables, 4 (groups) X 3 (measurement
points) repeated measures ANOVA was conducted. Test
results are shown in Table 5.

The main effect of treatment was significant for speech
fluency [Wilk’s A = 0.379, F>*° = 28.643; p<0.05, partial
”r]2=0.621], auditory comprehension [Wilk’s A = 0.309,
F7° = 39.107; p<0.05, partial 11°=0.692], repetition [Wilk’s
A = 0583, F° = 12.521; p<0.05, partial 11°=0.417], and
naming [Wilk’s A = 0.297, F (2. 35) = 41.373; p<0.05, par-
tial 1?=0.703]. Interaction effect of group and treatment
was significant only for speech fluency [Wilk’s A = 0.513,
F (6. 70) = 4.620; p<0.05, partial ?=0.284] and naming
[Wilk's A = 0.550, F (6. 70) = 4.067; p<0.05, partial
M?=0.259]. Further analysis indicated that the treatment
significantly increased the skills of participants in speech
fluency [F(6.72) =6.534; p<0.05, partial N?=0.353] and
naming [F(6.72) =6.534; p<0.05, partial 1*=0.353] across
groups. Pre-test, post-test and follow-up tests comparison
for the treatment and control groups is shown in Fig. 6.

The main effect of treatment was significant only for
communication [Wilk’s A = 0.125, F**° = 122.615; p<0.05,
partial 1?=0.875] and the interaction effect of group and

treatment was significant only for communication [Wilk’s
A =0.431, F*”" = 6.109; p<0.05, partial >=0.344] and psy-
chosocial dimensions [Wilk’s A = 0.780, F&"° = 2.547;
p<0.05, partial 1]2=0.117]. However, further analysis indi-
cated that treatment did not significantly increase partici-
pants’” quality of life across groups. The pre-test, post-test
and follow-up test comparison on picture naming for the
treatment and the control group is shown in Fig. 7.

The main effect of treatment [Wilk’'s A = 0.192,
F> = 73.695; p<0.05, partial 1]2=0.808] and interaction
effect of group and treatment [Wilk's A = 0.270,
F*Y = 4.067; p<0.05, partial M*=0.481] were significant
for picture naming. Further analysis indicated that treat-
ment significantly increased participants’ skills in picture
naming [F(6.72) =18.406; p<0.05, partial 1>=0.605] across
groups. The pre-test, post-test and follow-up test compari-
son on picture naming for the treatment and control
groups is shown in Fig. 8.

Comparison of treatment groups across pre-test, post-test,
and follow-up test

Participants’ attainments from the pre-test to the fol-
low-up test were assessed using the Friedman test, and
comparison among the tests for each treatment group was
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examined by performing Wilcoxon Sign Rank test. Test
results are given in Table 6.

As for Test of Language Assessment in Aphasia, speech flu-
ency of participants increased significantly from pre-test
to post-test for SLT (x*=7.40, p<0.05), TMS (x*=10.126,
p<0.05) and SLT + TMS (x°=16.889, p<0.05) groups.
Auditory comprehension of participants increased signifi-
cantly in the pre-test to the post-test for SLT (x*=13.40,
p<0.05) and TMS (X2=7.267, p<0.05), and the pre-test to
the post-test and the post-test to the follow-up test for
SLT + TMS (x*=18.571, p<0.05) groups. Repetition skills
of participants increased significantly from the pre-test to
the post-test for the SLT+TMS (x*=14.824, p<0.05) group.
Naming skills of participants increased significantly from
the pre-test to the post-test for SLT (X2=16.270, p<0.05)
and TMS (x*=16.00, p<0.05) and SLT+TMS (x*=12.842,
p<0.05) groups. As for Stroke and Aphasia Quality of Life
Scale (SAQOL-39), no significant change was observed for
the physical and psychosocial quality of life of partici-
pants in any of treatment groups. Communication quality
of participants increased significantly from the pre-test to
the post-test for SLT (x*=14.923, p<0.05), TMS (x*=9.243,
p<0.05), and SLT+TMS (x*=15.436, p<0.05) groups.

Energy quality of the participants decreased from the pre-
test to the post-test only for the SLT+TMS (x*=8.688,
p<0.05) group. As for Picture Naming Test, the picture
naming skill of participants increased from the pre-test
to the post-test for SLT (x’=15.436, p<0.05), TMS
(x*=10.889, p<0.05), and SLT+TMS (x*=15.20, p<0.05)
groups.

Discussion

In this study, the effect of SLT, TMS, and SLT+TMS on
improving language skills, naming, and quality of life in
individuals with Broca’s aphasia was investigated by
comparing their outcomes in language skills including
speech fluency, auditory comprehension, repetition, and
picture naming, as well as quality of life dimensions
including physical, communication, psychosocial, and
energy compared to the control group.

Language skills

Semantic Features Analysis is known to be effective in
retrieving conceptual information by accessing semantic
networks.” In therapies using this method, patients are
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asked to produce words that are semantically related to
the target word. By activating the semantic network sur-
rounding the target word, the probability of naming this
word increases.”” Several studies of individuals with
aphasia using Semantic Features Analysis as an experi-
mental intervention show that this method is generally
promising and helps many individuals with aphasia to
recall the target word and semantic concepts.”” The
method is effective not only in naming but also in speech
production, sentence organization, and dialogue skills. In
another study, it was demonstrated through experimental
applications that SFA can be used as a functional therapy
tool that facilitates naming and connected speech.”*
Participants’ gains in speech fluency, auditory compre-
hension, repetition, and naming improved from pre-test
to post-test, and their outcomes retained from the post-
test to the follow-up test compared to the control group.
Significant changes were observed in all treatment groups
for speech fluency, auditory comprehension, and naming,
but only in the SLT+TMS group for repetition. When

comparison was made among the four groups in terms of
language skills, the greatest change was observed in the
group in which SLT and TMS were applied together.
These findings are parallel with the current literature on
aphasia.™

Treatment with SLT significantly contributed to partici-
pants” development of speech fluency, auditory compre-
hension, and naming. Several experimental studies with
different treatment intervals examined the effect of SLT
on the improvement of language skills of individuals with
aphasia. In parallel with the present study, SLT was found
to be effective in the improvement of language skills of
individuals with aphasia (e.g., speech fluency,” ™ and
naming.”’ SFA, especially, activating the semantic net-
work through an organized approach, facilitates the recall
or production of words in individuals with aphasia. The
process is important in the effective use of language and
speaking skills. The effectiveness of SLT was revealed in
the meta-analysis of a published study in the literature;"’
in which there was a direct relationship between the
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Table 6. Comparison of pre-test — post-test — follow-up test results of treatment groups using Friedman’s test.

Dimension Treatments Pretest (1) Post-test (2)  Follow up test (3)  Friedman’s Test ~ Wilcoxon sign rank
% 45D % 45D % 45D )(2—P test for comparison
Speech Fluency Treatment 1 (SLT) 12.50£3.17  18.50+7.26  19.60+5.96 7.40 0.025%  2>1,3>1
Treatment 2 (TMS) 12.60£3.27  16.10£3.47  17.80+5.69 10.129  0.006*  2>1,3>1
Treatment 3 (SLT + TMS) 16.20£3.58  25.704+3.43  26.60+4.11 16.889  0.000* 2>1,3>1
Auditory Treatment 1 (SLT) 45.80+14.80 54.00+12.88 56.20+11.83 13.40 0.001*  2>1,3>1
Comprehension Treatment 2 (TMS) 43.60+£17.82 48.40+16.09 50.001+18.03 7.267 0.026%  2>1,3>1
Treatment 3 (SLT + TMS) 48.30+£8.68 58.90+£5.54  61.90+3.78 18.571 0.000* 2>1,3>1,3>2
Repetition Treatment 1 (SLT) 9.30£2.66 11.3£3.43 10.70+4.24 5.515 0.063 -
Treatment 2 (TMS) 7.40£2.01 9.20+£3.85 9.10£3.38 3.938 0.140 -
Treatment 3 (SLT + TMS) 13.80+£2.93 16.80+£3.39  17.90+2.46 14.824 0.001* 2>1,3>1
Naming Treatment 1 (SLT) 15.80+£6.19  27.90+8.11  28.50+7.41 16.270  0.000* 2>1,3>1
Treatment 2 (TMS) 16.20£8.43  23.40+11.23 25.00+13.32 16.00 0.000*  2>1,3>1
Treatment 3 (SLT + TMS) 24.00+£7.63  36.20£9.82  35.50+8.63 12.842  0.002" 2>1,3>1
SAQOL — 39 Physical Treatment 1 (SLT) 63.00+18.99 62.70+19.60 61.90+22.19 0.514 0.773 -
Treatment 2 (TMS) 56.904+21.59 55.20+21.95 53.40+23.45 0.242 0.886 -
Treatment 3 (SLT + TMS) 66.80£11.68 66.50+16.10 66.90+16.41 0.200 0.905 -
SAQOL — 39 Treatment 1 (SLT) 18.104+3.31  28.90+3.28  26.90+2.46 14923  0.001* 2>1,3>1
Communication Treatment 2 (TMS) 15.10+£5.40  20.104+3.14  20.7043.49 9.243 0.010*  2>1,3>1
Treatment 3 (SLT + TMS) 16.70+£3.46  27.30£5.22  28.70+3.30 15436 0.000* 2>1,3>1
SAQOL — 39 Treatment 1 (SLT) 37.20£9.99  36.804£9.70  35.90+12.29 2.053 0.358 -
Psychosocial Treatment 2 (TMS) 38.90+9.78  37.70+9.34  36.80+10.07 0.424 0.809 -
Treatment 3 (SLT + TMS) 35.20+£4.96 37.90£11.83 36.20%13.66 0.051 0.975 -
SAQOL — 39 Energy  Treatment 1 (SLT) 13.60+5.25  12.90+5.08  13.50+5.14 0.839 0.657 -
Treatment 2 (TMS) 13.30+4.32  14.70+£70 12.60+4.45 1.448 0.485 -
Treatment 3 (SLT + TMS) 14.10£3.84  11.10£4.80 11.60+3.89 8.688 0.013*  1>2,1>3
Picture Naming Treatment 1 (SLT) 39.90£21.65 74.60+£24.98 71.901+25.83 15.436 0.000* 2>1,3>1
Test - TR Treatment 2 (TMS) 51.604+33.28 62.80+38.49 62.60+37.71 10.889 0.004* 2>1,3>1
Treatment 3 (SLT + TMS) 35.20£17.22 60.70£20.02 61.60£17.30 15.20 0.001*  2>1,3>1

*p<0.05.
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amount of therapy and the development of the individual
with words, and the success level could reach up to 52%
after 15 sessions of treatment.

The treatment with TMS significantly improved par-
ticipants’ speech fluency, auditory comprehension, and
naming; the participants” gain was found to be sustained
in scores in the follow-up test. Similarly, Rubi-Fessen et
al.°! reported positive effects of TMS application on the
improvement of language skills and functional commu-
nication of individuals in aphasia therapy. When the
dominant hemisphere of the tongue is damaged, the
inhibition of the right hemisphere is weakened and its
excitability is increased. This in turn increases inhibition
in the left hemisphere and causes a further decrease in
the damaged left hemisphere. This also reduces the
excitability of the left hemisphere. Studies have shown
that TMS can restore the physiologic equilibrium state of
both hemispheres by adjusting the stimulation parame-
ters. Low-frequency TMS (<1 Hz) is commonly used to
reduce cortical excitability,(’2 while high-frequency TMS
(=5 Hz) is applied to facilitate the neural activation.”®
Therefore, the left hemisphere can be stimulated a high
rate or the right hemisphere can be inhibited at low fre-
quency by using TMS. Both forms of application may
help to improve language function.®” There are many
studies confirming that people suffering from aphasia
can be treated more effectively with repeated low-fre-
quency application of TMS to the right hemisphere.*>**
As a result of meta-analysis studies, there are generaliza-
tions that the studies were mostly conducted on the right
pars triangularis region and the results were mostly
based on visual naming skills.®” For example, when 1 Hz
rTMS was applied to the Broca area in the right hemi-
sphere for 10 sessions, an increase in naming skills was
observed in individuals with aphasia.’" It was observed
in neuroimaging studies that individuals with chronic
Broca’s aphasia have much higher activation in the right
Broca area and right presilvian areas during speech pro-
duction. It is thought that this may lead to maladaptive
results. Low-frequency rTMS application may cause an
inhibitory effect on the area of interest and reactivate the
area in the left hemisphere;b6 the study is based on this
assumption. In another study conducted on thirty partic-
ipants, the effectiveness of rTMS application on the right
hemisphere was examined. In this randomized, sham
and controlled study, stimulation was applied to the
inferior right frontal gyrus (BA45) region at 1 Hz for
20 min in 10 sessions for 10 days. A similar application
was performed over the vertex region with 15 partici-
pants who were allocated as a sham group. The
participants in the study group showed significant
improvement in all of their speech and communication
skills.”” There are many other successful examples of the
rTMS low frequency application used in the study. The
results of these studies recorded positive progress in
language skills such as comprehension, naming, and
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repetition with rTMS low frequency application to the
undamaged area.”” " In this context, the study reveals
similar results to the literature.

We used inhibitory rTMS targeting the healthy hemi-
sphere to restore this interhemispheric imbalance. Several
studies confirmed that the application of repeated TMS at
low frequency to the right hemisphere can effectively treat
people with aphasia. /030468

The combined treatment of SLT+TMS improved all
dimensions of language skills of the participants. The
dimension of repetition was improved significantly only
by SLT+TMS treatment compared with the other treat-
ments. The result is supported by the recent studies done
by Seniow et al.”” and Balossier et al.”’. A study by Geor-
giou et al."” on participants with communication disor-
ders suggests that TMS can facilitate recovery of language
impairment in individuals with aphasia. Consecutive SLT
and TMS applications provide double stimulation in indi-
viduals while trying to activate the functioning mecha-
nism of the brain and support the rehabilitation process
with linguistic stimulation.

Naming

Word production models assume that three basic cogni-
tive functions are effective in the processes of word coding
and naming visual perception, conceptual activation, and
production dimensions.”' There is a system whose pur-
pose is to select words from the mental dictionary that
properly express the speaker’s intention. There is another
system that prepares expressive gestures for these selected
words in the context of expression. At this point, provid-
ing clues is important in the activation of the process.
Neurocognitive mechanisms similar to those of healthy
individuals are activated in the process of responding to
clues in the word production stage of individuals with
aphasia.”

The experimentation process indicated that partici-
pants’ naming performance significantly increased from
pre-test to post-test in all treatment groups. Also,
patients naming performance was sustained even one
month after treatments. These results are inconsistent
with the results of previous studies.”>”**7”% The litera-
ture revealed that TMS”*”” and SLT+TMS”**’ were suc-
cessful for improving naming performance of
individuals with aphasia. According to the results of the
study, the increase in naming scores was higher in only
SLT and SLT+TMS treatment groups compared to the
other groups. The group in which SLT and TMS were
applied consecutively achieved higher scores than the
group in which only SLT was applied. This situation
indicates that speech and language therapy have a posi-
tive effect on the increase in naming scores but naming
performance may increase with the additional applica-
tion of TMS. It can be interpreted that that application of
TMS alone provides a partial increase.
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Quality of life

Quality of life (QL) is defined as the individual’s per-
ception of their well-being.*’ Individuals” difficulties in
controlling their emotions, anxiety, loneliness, depression,
irritability, and disappointment have recently been
observed in studies conducted on individuals with apha-
sia.”” In a study comparing the psychological stress levels
and quality of life of individuals with and without apha-
sia after stroke; they were followed for six months. Indi-
viduals with aphasia had increased psychological stress
levels as their aphasia progressed and their psychological
stress levels were higher than the individuals without
aphasia.” It is stated that aphasia affects the quality of life
of the individuals with all its dimensions. Any interven-
tion is very important in increasing the individual’s par-
ticipation in life and gaining functionality.

In the consideration of the present study indicated that
all treatments significantly improved participants’ com-
munication only, and the treatment of SLT+TMS signifi-
cantly decreased participants’ energy dimension of
quality of life. As we explained in detail above, aphasia is
the most important potential consequence of stroke and
negatively affects the patient’s life by causing emotional
distress, depression, and social isolation due to loss of lan-
guage functions. The health-related QL reflects the impact
of a healthy state on a person’s ability to lead a fulfilling
life and encompasses an individual’s satisfaction in the
physical, functional, psychological, and social domains.”"
The treatments impacted other quality of life dimensions,
but pre-test, post-test and follow-up test differences were
not statistically significant. Williamson et al.** found that
there was no relationship between severity of aphasia and
quality of life scale scores, and these results were valid
regardless of age or time elapse after stroke. Most studies
about rTMS used naming to measure efficacy; however,
our study has a different perspective by comparing to the
quality of life.

A recent review of the literature on the social participa-
tion levels of individuals with aphasia revealed that little
is known on this subject.85 To date, a few small studies
have been reported on the subject; however, there have
been studies focusing mostly on a relatively small popula-
tion, case studies, or only social relations.>®°

Improving communication in daily life is an important
goal of intervention programs for people with acquired
communication difficulties.”” This result can be achieved
by processing language and cognitive functions that sup-
port communication or by introducing compensatory
strategies and changes to the environment that support
communication. Over the past three decades, philosophi-
cal advances and routine clinical challenges in healthcare
(e.g., limited generalization of some disorder-focused
treatment, institutional constraints in service delivery)
have encouraged clinicians and researchers to explore
intervention programs aimed at direct communication.*

Conclusion

It is very important in the management of the treatment
process to reveal the effectiveness of the separate or com-
bined applications of SLT and TMS in restoring language
skills, naming performance, and social participation of
individuals with chronic aphasia. SLT has provided gains
in language skills and social life participation in these
individuals. The use of SLT in combination with TMS
increased the amount of gaining in these skills, and the
use of TMS alone provided gains in naming performance.
It is suggested that individuals with Broca’s aphasia, even
if they have chronic phase, should definitely need SLT,
and the effectiveness of this therapy will be enhanced by
TMS, which will contribute to the rehabilitation of com-
munication.

Findings show that performing TMS and SLT, either
separately or together, has a positive effect on various lan-
guage skills in individuals with post-stroke aphasia. It
was observed that both SLT and TMS methods applied
together to individuals with Broca’s aphasia were effec-
tive, and positive results were obtained from their appli-
cation. The application of the methods both separately
and together contributed positively to the participants
gaining language skills.

Limitation

This study is limited due to only having 40 participants
because of the limited research budget. Also, different
types of aphasia were not included, and education level
and pre-therapy history were not taken into account
when determining the participants. The study was limited
to individuals with long-term aphasia so that the gain
obtained with the interventions could not be explained by
the spontaneous recovery period. In addition, we tried to
ensure homogeneity between participants in terms of
aphasia severity, however no additional assessment of
aphasia severity was used. Furthermore, no neuropsycho-
logical evaluations were made after the applications.

Declaration of Competing Interest

None.

Grant support

None.

Acknowledgements

None.

References

1. Dickey L, Kagan A, Lindsay MP, et al. Incidence and pro-
file of inpatient stroke-induced aphasia in Ontario, Can-
ada. Arch Phys Med Rehabil 2010;91:196-202.


http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0001
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0001
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0001

16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Heiss WD, Thiel A. Basic principles of rTMS in aphasia

treatment after stroke. In: Platz T, ed. Therapeutic rTMS
in Neurology. Principles, Evidence, and Practice Recom-
mendations, New York: Springer; 2016.

. Ellis C, Urban S. Age and aphasia: a review of presence,

type, recovery and clinical outcomes. Top Stroke Rehabil
2016;23:430-439.

. Kang EK, Sohn HM, Han MK, et al. Severity of post-

stroke aphasia according to aphasia type and lesion loca-
tion in Koreans. ] Korean Med Sci 2010;25:123-127.

. Northcott S, Marshall J, Hilari K. What factors predict

who will have a strong social network following a stroke?
J Speech Lang Hear Res 2016;59:772-783.

. Gialanella B, Bertolinelli M, Lissi M, et al. Predicting out-

come after stroke: the role of aphasia. Disabil Rehabil
2011;33:122-129.

. Hilari K, Needle JJ, Harrison KL. What are the important

factors in health-related quality of life for people with
aphasia? A systematic review. Arch Phys Med Rehabil
2012;93:586-595.

. Klebic J, Salihovic N, Softic R, et al. Aphasia disorders

outcome after stroke. Med Arh 2011;65:283-286.

. Di Pino G, Pellegrino G, Assenza G, et al. Modulation of

brain plasticity in stroke: a novel model for neurorehabili-
tation. Nat Rev Neurol 2014;10:597-608.

Saxena S, Hillis AE. An update on medications and non-
invasive brain stimulation to augment language rehabili-
tation in post-stroke aphasia. Expert Rev Neurother
2017;17:1091-1107.

Georgiou AM, Kambanaros M. The effectiveness of trans-
cranial magnetic stimulation (TMS) paradigms as treat-
ment options for recovery of language deficits in chronic
poststroke aphasia. Behav Neurol 2022,2022:7274115.
Georgiou AM. Neuronavigated repetitive Transcranial
Magnetic Stimulation (rTMS) in Chronic post-Stroke
Aphasia Rehabilitation. Limassol, Cyprus: Cyprus Uni-
versity of Technology; 2009.

Georgiou AM, Phinikettos I, Giasafaki C, et al. Can trans-
cranial magnetic stimulation (TMS) facilitate language
recovery in chronic aphasia post-stroke? Evidence from a
case study. ] Neurolinguist 2020;55:1-9.

Cichon N, Wlodarczyk L, Saluk-Bijak J, et al. Novel
advances to post-stroke aphasia pharmacology and reha-
bilitation. ] Clin Med 2021;10.

Georgiou AM, Lada E, Kambanaros M. Evaluating the
quality of conduct of systematic reviews on the applica-
tion of transcranial magnetic stimulation (TMS) for apha-
sia rehabilitation post-stroke. Aphasiology 2020;34:540-
556.

Meinzer M, Streiftau S, Rockstroh B. Intensive language
training in the rehabilitation of chronic aphasia: efficient
training by laypersons. ] Int Neuropsychol Soc
2007;13:846-853.

Wilssens I, Vandenborre D, van Dun K, et al. Constraint-
induced aphasia therapy versus intensive semantic treat-
ment in fluent aphasia. Am ] Speech Lang Pathol
2015;24:281-294.

Quique YM, Evans WS, Dickey MW. Acquisition and
generalization responses in aphasia naming treatment: a
meta-analysis of semantic feature analysis outcomes. Am
] Speech Lang Pathol 2019;28:230-246.

Maddy KM, Capilouto GJ, McComas KL. The effective-
ness of semantic feature analysis: an evidence-based sys-
tematic review. Ann Phys Rehabil Med 2014;57:254-267.
Brady MC, Ali M, VandenBerg K, et al. Complex speech-
language therapy interventions for stroke-related

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

1.C. YASAET AL.

aphasia: the RELEASE study incorporating a systematic
review and individual participant data network meta-
analysis. Southampton (UK)2022.

Antonucci SM. Use of semantic feature analysis in group
aphasia treatment. Aphasiology 2009;23:854-866.
Efstratiadou E-A, Papathanasiou I, Holland R, et al. Effi-
cacy of elaborated semantic features analysis in Aphasia:
a quasi-randomised controlled trial. Aphasiology
2019;33:1482-1503.

Rider JD, Wright HH, Marshall RC, et al. Using semantic
feature analysis to improve contextual discourse in adults
with aphasia. Am ] Speech Lang Pathol 2008;17:161-172.
Davis L, Stanton S. Semantic feature analysis as a func-
tional therapy tool. Contemporary Issues Commun Sci
Disord 2005;32.

Marcotte K, Adrover-Roig D, Damien B, et al. Therapy-
induced neuroplasticity in chronic aphasia. Neuropsy-
chologia 2012;50:1776-1786.

Thompson C. Language Intervention Strategies in Apha-
sia and Related Neurogenic Communication Disorders.
Wolters Kluwer Health Adis (ESP); 2012.

Massaro M, Tompkins CA. Feature analysis for treatment
of communication disorders in traumatically brain-
injured patients: an efficacy study. Clin Aphasiol
1994;22:245-256.

Boyle M, Coelho CA. Application of semantic feature
analysis as a treatment for aphasic dysnomia. Am ]
Speech Lang Pathol 1995;4:94-98.

Rubi-Fessen I, Hartmann A, Huber W, et al. Add-on
effects of repetitive transcranial magnetic stimulation on
subacute aphasia therapy: enhanced improvement of
functional communication and basic linguistic skills. a
randomized controlled study. Arch Phys Med Rehabil
2015;96:1935-1944. €1932.

Weiduschat N, Thiel A, Rubi-Fessen I, et al. Effects of
repetitive transcranial magnetic stimulation in aphasic
stroke: a randomized controlled pilot study. Stroke
2011;42:409-415.

Ilkhani M, Shojaie Baghini H, Kiamarzi G, et al. The effect
of low-frequency repetitive transcranial magnetic stimu-
lation (rTMS) on the treatment of aphasia caused by cere-
brovascular accident (CVA). Med ] Islam Repub Iran
2018;32:25.

Rubi-Fessen I, Hirschfeld R, Thiel A, et al. Stimulating
communication? The combination of language therapy
and repetitive transcranial magnetic stimulation (rTMS)
enhances improvement of functional communication and
linguistic skills in patients with subacute aphasia.
Aphasiology 2018;32:62-63.

Hamilton RH, Sanders L, Benson J, et al. Stimulating con-
versation: enhancement of elicited propositional speech
in a patient with chronic non-fluent aphasia following
transcranial ~ magnetic  stimulation. Brain Lang
2010;113:45-50.

Harvey DY, Mass JA, Shah-Basak PP, et al. Continuous
theta burst stimulation over right pars triangularis facili-
tates naming abilities in chronic post-stroke aphasia by
enhancing phonological access. Brain Lang 2019;192:25-
34.

LiY,QuY, Yuan M, et al. Low-frequency repetitive trans-
cranial magnetic stimulation for patients with aphasia
after stoke: a meta-analysis. ] Rehabil Med 2015;47:675-
681.

Otal B, Olma MC, Floel A, et al. Inhibitory non-inva-
sive brain stimulation to homologous language
regions as an adjunct to speech and language therapy


http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0002
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0002
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0002
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0002
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0003
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0003
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0003
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0004
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0004
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0004
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0005
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0005
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0005
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0006
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0006
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0006
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0007
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0007
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0007
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0007
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0008
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0008
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0009
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0009
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0009
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0010
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0010
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0010
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0010
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0011
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0011
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0011
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0011
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0012
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0012
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0012
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0012
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0013
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0013
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0013
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0013
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0014
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0014
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0014
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0015
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0015
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0015
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0015
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0015
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0016
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0016
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0016
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0016
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0017
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0017
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0017
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0017
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0018
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0018
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0018
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0018
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0019
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0019
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0019
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0021
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0021
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0022
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0022
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0022
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0022
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0023
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0023
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0023
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0024
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0024
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0024
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0025
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0025
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0025
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0026
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0026
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0026
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0027
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0027
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0027
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0027
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0028
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0028
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0028
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0029
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0029
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0029
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0029
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0029
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0029
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0030
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0030
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0030
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0030
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0031
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0031
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0031
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0031
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0031
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0032
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0032
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0032
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0032
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0032
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0032
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0033
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0033
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0033
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0033
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0033
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0034
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0034
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0034
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0034
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0034
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0035
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0035
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0035
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0035
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0036
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0036
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0036

COMPARING SLT AND TMS FOR BROCA’S APHASIA TREATMENT

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

in post-stroke aphasia: a meta-analysis. Front Hum
Neurosci 2015;9:236.

Ren CL, Zhang GF, Xia N, et al. Effect of low-frequency
rTMS on aphasia in stroke patients: a meta-analysis of
randomized controlled trials. PLoS One 2014;9:€102557.

I Mavis, BD Ozbabalik Adapinar, Yenilmez C, et al. Test
your memory-Turkish version (TYM-TR): reliability and
validity study of a cognitive screening test. Turk ] Med
Sci 2015;45:1178-1185.

Oldfield RC. The assessment and analysis of handedness:
the Edinburgh inventory. Neuropsychologia 1971;9:97-113.

Arkar H, Safak C. Klinik bir 6rneklemde beck depresyon
envanterinin boyutlarinin arastirilmasi. Tiirk Psikoloji
Dergisi 2004;19:117-123.

Hilari K, Byng S, Lamping DL, et al. Stroke and aphasia
quality of life scale-39 (SAQOL-39): evaluation of accept-
ability, reliability, and validity. Stroke 2003;34:1944-1950.

Noyan A. Inme ve afazi yasam Kkalitesi -39 olcegi:
Tiirkge’ye uyarlama gecerlik ve giivenirlik ¢alismast.
Saglik  Bilimleri  Enstittsti.  Eskisehir:  Anadolu
Universitesi; 2013.

Mavis I, Togram B. Afazi Dil Degerlendirme Testi (ADD)
Kullanim Yonergesi. Ankara: Detay Yaymnlari; 2009.

. Kertesz A. Western Aphasia Battery Test Manual. New

York: Grune & Stratton; 1982.

Kertesz A. Aphasia and Associated Disorders: Taxon-
omy, Localiza- tion, and Recovery New York. Grune &
Stratton; 1979.

Kertesz A, Poole E. The aphasia quotient: the taxonomic
approach to measurement of aphasic disability. Can |
Neurol Sci 1974;1:7-16.

Mavis I Tunger AM, Selvi-Balo S, et al. The adaptation of
comprehensive aphasia test (CAT) into Turkish and the
development of other aphasia assessment tools in Turk-
ish. Turkish: Kapsamli Afazi Testi'nin (KAT) Tirkceye
Uyarlanmasi ve Diger Degerlendirme Araglarmm (T-IAT
ve T-RAT) Gelistirilmesi). Anadolu University; 2020
Research Project. Project Number: 15095632.

Roelofs A. Phonologica cueing of word finding in apha-
sia: insights from simulations of immediate and treat-
ment effects. Aphasiology 2019;1:1-17.

Wassermann EM, Tormos JM, Pascual-Leone A. Finger
movements induced by transcranial magnetic stimulation
change with hand posture, but not with coil position.
Hum Brain Mapp 1998;6:390-393.

Tunger AM. Tiirkge konusan yetiskin poptilasyonun sozel
akicilik becerilerinin yas, egitim ve cinsiyete gore incelen-
mesi ve sozcitk normlarinin olusturulmasi. Saghk Bilimleri
Enstittisti. Eskisehir: Anadolu Universitesi; 2011.
Bastiaanse R, Wieling M, Wolthuis N. The role of fre-
quency in the retrieval of nouns and verbs in aphasia.
Aphasiology 2016;30(11):1221-1239. 30:1221-1239.

Hair JF, Black WC, Babin BJ, et al. Multivariate data anal-
ysis. Upper Saddle River. 7th ed New Jersey: Prentice
Hall; 2010.

Tabachnick BG, Fidell LS. Using Multivariate Statistics.
6th ed. Boston: Allyn and Bacon; 2013.

Massaro ME, Tompkins CA. Feature analysis for treat-
ment of communication disorders in traumatically brain
injured patients: an efficacy study. Clin Aphasiol
1992;22:245-256.

Boyle M. Semantic feature analysis treatment for aphasic
word retrieval impairments: what's in a name? Top
Stroke Rehabil 2010;17:411-422.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

17

Zhang H, Chen Y, Hu R, et al. rTMS treatments combined
with speech training for a conduction aphasia patient: a
case report with MRI study. Medicine (Baltimore)
2017;96:€7399.

Bhogal SK, Teasell R, Speechley M. Intensity of aphasia
therapy, impact on recovery. Stroke 2003;34:987-993.
Brady MC, Kelly H, Godwin J, et al. Speech and language
therapy for aphasia following stroke. Cochrane Database
Syst Rev 2016:CD000425.

Breitenstein C, Grewe T, Floel A, 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;389:1528-1538.

Sheppard SM, Sebastian R. Diagnosing and managing
post-stroke aphasia. Expert Rev Neurother 2021;21:221-
234.

Rubi-Fessen I, Hartmann A, Rommel T, et al. FV 13. The
combination of repetitive transcranial magnetic stimula-
tion (rTMS) and language therapy enhances improve-
ment of functional communication and linguistic skills in
patients with subacute aphasia. Clin Neurophysiol
2016;127:e217.

Du], Yang F, Liu L, et al. Repetitive transcranial magnetic
stimulation for rehabilitation of poststroke dysphagia: A
randomized, double-blind clinical trial. Clin Neurophy-
siol 2016;127:1907-1913.

Dionisio A, Duarte IC, Patricio M, et al. Transcranial
magnetic stimulation as an intervention tool to recover
from language, swallowing and attentional deficits after
stroke: a systematic review. Cerebrovasc Dis 2018;46:178-
185.

Rossini PM, Rossi S. Transcranial magnetic stimulation:
diagnostic, therapeutic, and research potential. Neurol-
ogy 2007,68:484-488.

Sprigg N, Bath PM. Speeding stroke recovery? A system-
atic review of amphetamine after stroke. J Neurol Sci
2009;285:3-9.

Martin PI, Naeser MA, Ho M, et al. Overt naming fMRI
pre-and postTMS: two nonfluent aphasia patients, with
and without improved naming post-TMS. Brain Lang
2009;111:20-35.

Shah BPP, Wurzman R, Purcell JB. Fields or flows? A
comparative meta analysis of transcranial magnetic and
direct current stimulation to treat poststroke aphasia.
Restor Neurol Neurosci 2016;34:537-558.

Yao L, Zhao H, Shen C, et al. Low-Frequency Repetitive
Transcranial Magnetic Stimulation in Patients With Post-
stroke Aphasia: Systematic Review and Meta-Analysis of
Its Effect Upon Communication. ] Speech Lang Hear Res
2020;63:3801-3815.

Seniow ], Waldowski K, Lesniak M, et al. Transcranial
magnetic stimulation combined with speech and lan-
guage training in early aphasia rehabilitation: a random-
ized double-blind controlled pilot study. Top Stroke
Rehabil 2013;20:250-261.

Balossier A, Etard O, Descat C, et al. Epidural cortical
stimulation as a treatment for poststroke aphasia: a sys-
tematic review of the literature and underlying neuro-
physiological mechanisms. Neurorehabil Neural Repair
2016;30:120-130.

Levelt W], Roelofs A, Meyer AS. A theory of lexical access
in speech production. Behav Brain Sci 1999;22(1-38):38-
75. discussion.


http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0036
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0036
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0037
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0037
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0037
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0038
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0038
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0038
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0038
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0039
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0039
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0040
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0040
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0040
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0040
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0040
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0040
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0040
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0041
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0041
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0041
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0042
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0042
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0042
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0042
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0042
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0042
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0042
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0042
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0042
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0042
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0042
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0042
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0042
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0042
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0042
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0042
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0042
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0042
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0042
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0043
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0043
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0043
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0043
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0043
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0043
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0043
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0044
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0044
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0045
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0045
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0045
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0046
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0046
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0046
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0047
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0047
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0047
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0047
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0047
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0047
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0047
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0047
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0047
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0047
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0047
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0047
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0047
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0047
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0047
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0047
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0047
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0048
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0048
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0048
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0049
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0049
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0049
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0049
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0051
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0051
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0051
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0052
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0052
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0052
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0053
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0053
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0054
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0054
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0054
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0054
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0055
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0055
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0055
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0056
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0056
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0056
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0056
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0057
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0057
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0058
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0058
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0058
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0059
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0059
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0059
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0059
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0059
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0060
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0060
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0060
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0061
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0061
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0061
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0061
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0061
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0061
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0062
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0062
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0062
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0062
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0063
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0063
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0063
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0063
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0063
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0064
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0064
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0064
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0065
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0065
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0065
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0066
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0066
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0066
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0066
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0067
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0067
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0067
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0067
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0068
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0068
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0068
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0068
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0068
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0069
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0069
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0069
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0069
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0069
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0070
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0070
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0070
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0070
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0070
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0071
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0071
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0071

18

72.

73.

74.

75.

76.

77.

78.

79.

Roelofs A. Phonological cueing of word finding in apha-
sia: insights from simulations of immediate and treat-
ment effects. Aphasiology 2021;35:169-185.

Bucur M, Papagno C. Are transcranial brain stimulation
effects long-lasting in post-stroke aphasia? A compara-
tive systematic review and meta-analysis on naming per-
formance. Neurosci Biobehav Rev 2019;102:264-289.
Barwood CH, Murdoch BE, Riek S, et al. Long term lan-
guage recovery subsequent to low frequency rTMS in
chronic non-fluent aphasia. NeuroRehabilitation 2013;
32:915-928.

Hu XY, Zhang T, Rajah GB, et al. Effects of different fre-
quencies of repetitive transcranial magnetic stimulation
in stroke patients with non-fluent aphasia: a randomized,
sham-controlled study. Neurol Res 2018;40:459-465.
Kindler J, Schumacher R, Cazzoli D, et al. Theta burst
stimulation over the right Broca’s homologue induces
improvement of naming in aphasic patients. Stroke
2012;43:2175-2179.

Naeser MA, Martin PI, Nicholas M, et al. Improved pic-
ture naming in chronic aphasia after TMS to part of right
Broca’s area: an open-protocol study. Brain Lang
2005;93:95-105.

Medina J, Norise C, Faseyitan O, et al. Finding the Right
Words: Transcranial Magnetic Stimulation Improves Dis-
course Productivity in Non-fluent Aphasia After Stroke.
Aphasiology 2012;26:1153-1168.

Barwood CH, Murdoch BE, Whelan BM, et al. The effects
of low frequency Repetitive Transcranial Magnetic Stim-
ulation (rTMS) and sham condition rTMS on behavioural

80.

81.

82.

83.

84.

85.

86.

87.

88.

I.C.YASAET AL.

language in chronic non-fluent aphasia: Short term out-
comes. NeuroRehabilitation 2011;28:113-128. b.

Barwood CH, Murdoch BE, Whelan BM, et al. Improved
language performance subsequent to low-frequency
rTMS in patients with chronic non-fluent aphasia post-
stroke. Eur ] Neurol 2011;18:935-943. a.

Spaccavento S, Craca A, Del Prete M, et al. Quality of life
measurement and outcome in aphasia. Neuropsychiatr
Dis Treat 2014;10:27-37.

Parr S. Living with severe aphasia: tracking social exclu-
sion. Aphasiology 2007;21:98-123.

Hilari K. The impact of stroke: are people with aphasia
different to those without? Disabil Rehabil 2011;33:211-
218.

Williamson DS, Richman M, Redmond SC. Applying the
correlation between aphasia severity and quality of life
measures to a life participation approach to aphasia. Top
Stroke Rehabil 2011;18:101-105.

Dalemans RJP, De Witte LP, Wade DT, et al. A descrip-
tion of social participation in working-age persons with
aphasia: a review of the literature. Aphasiology
2008;22:1071-1091.

Sjoqvist Natterlund B. A new life with aphasia: everyday
activities and social support. Scand ] Occup Ther
2010;17:117-129.

Wilkinson R. Interaction-focused intervention: a conver-
sation analytic approach to aphasia therapy. ] Int Res
Commun Disord 2010;1:45-68.

Thompson CK, Worrall L. Approaches to aphasia treat-
ment. San Diego: Plural Publishing; 2008.


http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0072
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0072
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0072
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0073
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0073
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0073
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0073
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0074
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0074
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0074
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0074
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0075
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0075
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0075
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0075
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0076
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0076
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0076
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0076
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0077
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0077
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0077
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0077
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0078
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0078
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0078
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0078
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0079
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0079
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0079
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0079
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0079
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0080
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0080
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0080
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0080
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0081
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0081
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0081
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0082
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0082
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0083
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0083
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0083
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0084
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0084
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0084
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0084
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0085
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0085
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0085
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0085
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0086
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0086
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0086
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0087
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0087
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0087
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0088
http://refhub.elsevier.com/S1052-3057(23)00131-3/sbref0088

	Comparing the efficiency of speech and language therapy and transcranial magnetic stimulation for treating Broca's aphasia
	Introduction
	Method
	Study design and participants
	Data collection tools
	Demographic information form
	Stroke and aphasia quality of life scale (SAQOL-39)
	Test of language assessment in aphasia (ADD)
	Picture naming test - Turkish (T-RAT)

	Treatment data collection
	Treatment I - SLT
	Treatment II - TMS
	Treatment III - SLT+TMS

	Statistical analyses

	Results
	Comparison of treatment groups with control group
	Comparison of treatment groups across pre-test, post-test, and follow-up test

	Discussion
	Language skills
	Naming
	Quality of life
	Conclusion
	Limitation

	Declaration of Competing Interest
	Grant support
	Acknowledgements

	References


