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Abstract ð we aimed to investigate the correlation 

between stimulation intensity, duration of session 

of transcranial direct current stimulation (ten 20-

min anodal transcranial direct current stimulation 

(2mA) sessions and lesion location with the 

aphasia recovery and improvement of naming 

picture, Aphasia Quotient and working memory in 

Persian patients with non fluent aphasia disorder.   

To achieve this goal we evaluate the Efficacy of 

transcranial direct current stimulation on 

dorsolateral prefrontal cortex  of the brain upon 

non fluent aphasia recovery, included 20 chronic 

and  stroke-induced aphasia patients  who each 

underwent 10 sessions  of Anodal - transcranial 

direct current stimulation (2 mili- Ampere - 20min) 

and 10 sessions of sham- transcranial direct 

current stimulation  (20-min) combined with a 

computerized anemia treatment. 

It was revealed that after ten 20-min anodal 

transcranial direct current stimulation (2mA), it 

significantly improves naming scores, working 

memory, Aphasia Quotient or severity and the 

Correlation Rate in non fluent aphasia patients as 

compared to sham- transcranial direct current 

stimulation. Additionally, our study demonstrated, 

there are significant differences between the results 

of our test According to the following variable, 

lesion location, but not genders variation. 

Treatment with10 sessions of Anodal - transcranial 

direct current stimulation (2 mA - 20min) enhance 

the non fluent aphasia recovery and improvement 

of naming picture, working memory and Aphasia 

Quotient or severity and lesion location but not 

gender factor play a main role in it.  
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INTRODUCTION  

One of the main impairment of language ability 

is aphasia or speechlessness disorders.  It usually 

caused by head injury (left hemisphere, or stroke), 

but it can develop slowly from a brain tumor, 

dementia, infection and dysnomia (learning 

disability) [1]-[5]. According to last literatures, the 

main reason of the aphasia is stroke, approximately, 

80,000 cases of adult aphasia is due to stroke, and 

more than  50ï 60% of them have chronic 

impairment[ 6],[7].  

The aphasia disorders can be divided  into:  

global, Brocaôs, trans-cortical motor, mixed trans-

cortical, Wernickeôs, trans- cortical sensory, 

conduction, and anomic types, moreover, the WAB 

demonstrate severities of aphasia as aphasia 

quotients (AQ), this kind of classification is 

according to the assessing  profiles of language for 

repetition, fluency, comprehension, and naming[1]. 

During the acute phase of stroke, the global type of 

aphasia are more prevalence form and consist 

approximately 20-40% of aphasias , whereas the 

classic aphasia are found only in a 25 percent of 

patients, and 10-15% of patients are 

unclassifiable[8]. The ranges of language disorder 

are different and vary from naming picture, unable 

in speaking, writing, and reading to deficits in 

working memory (WM).  Here working memory 

capacity has been identified as a unitary process of 

a single (resource) pool for attention, linguistic, and 

other plenary processing. The main reason of those 

kind disorders, is impairment in left hemisphere 

(LH) or in left dorsolateral part of prefrontal cortex 

(DLPFC)[1],[8].The critical function of left 

dorsolateral part of prefrontal cortex (DLPFC) in 

verbal working memory (WM) has been approved 

by Didit Span Test in pathological studies and in 

the study including effects of Trans Magnetic 

Stimulation (TMS) on left dorsolateral prefrontal 

cortex. This study showed that local damage and 

destruction of left DLPFC region, not right DLPFC 

region, Cause degradation in verbal working 

memory (WM) [1]. 

Previous studies also suggested that stimulation 

by transcranial direct current has a positive effect 

on the left dorsolateral part of prefrontal cortex, 

resulted in an improved ability to name pictures, 

working memory (WM) [9]-[12].  

Todayôs, stimulation by transcranial direct 

current (tDCS) as a safe and non-invasive brain 

stimulation techniques and painless form of neuron 

stimulation methods have become increasingly 

important for the diagnosis and treatment of 

neuropsychiatric diseases [1]. 

These techniques are used to stimulate cortical 

neuronal assemblies. This methods works by 

sending the current from an active electrode to a 
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reference electrode, a part being diverted through 

the scalp and the remainder being delivered to 

tissue of the brain, thereby it leading to increase or 

decrease of cortical excitability [13].Here the 

current polarity determined the direction of the 

tDCS-induced effect. According to this, the 

stimulation of the brain can be classified as; 

Cathodal, Anodal and Sham stimulations. 

Stimulation by anodal is positive and it can increase 

the excitability of the neuron. In Contrary to this, 

the stimulation by the cathode decrease  the  

excitability of the neurons in the stimulated area for 

reach to more constant level of activity Here the 

sham stimulation is one of the important 

stimulation, because it plays as a control groups. 

These types of stimulation help to prove the 

positive or negative effects of stimulation [1],[14]-

[16]. 

It is important to remind, the ability of tDCS for 

creating cortical changes even after the end of 

stimulation is one of the   important aspects of it. 

The stimulating effects and the continuity of this 

kind of change depend on the length stimulation as 

well as the intensity of stimulation and the session 

durations and location of the brain lesion. For 

example, in the several studies it was revealed that 

after five 20-min anodal tDCS (1 mA) sessions it 

has beneficial effect on aphasia recovery [19],[20]. 

And also, it was reported that stimulation by the 

same parameters enhanced working memory (WM) 

in healthy persons, as measured by three-back 

working memory method [21], and in patients with 

Parkinsonôs disease [22]. Review of the literatures 

shows that more sessions (> 5 sessions), longer 

sessions (> 20-min), and greater stimulation 

intensity (> 1 mA) may be able to elicited even 

greater success [13],[21]. 

Along to those, many treatments were designed 

to reveal the role of other stimulation intensity of 

tDCS and number of sessions in aphasia recovery. 

Therefore, for increasing the knowledge and 

helping to them, we decided to investigate the 

effect of ten 20-min anodal tDCS (2 mA) sessions 

on naming score and working memory according to 

the role of lesion location in the aphasia recovery, 

in the patient with non fluent aphasia disorder. 

Material and methods: 

Subjects:  

Twenty right hand Persian patients with chronic- 

non fluent aphasia disorders (range 47ï61 years; 

mean age, 55.937 ± 2.4 years, at å60 month post-

stroke) participated in our present study. All of the 

subjects gave their written informed consent before 

participation (Table 1).  In our study the patients 

were excluded if had been any speech therapy or 

had been used medication or psychotropic drugs 

during the 4 weeks prior to the study. And also, 

they were informed to avoid alcohol, cigarettes and 

drink of caffeinated things on the day of the test, 

and none reported fatigue due to inadequate sleep.  

 
The Persian aphasia test: 

This test includes the tests of continuous speech 

(content and fluency of speech), auditory 

perception, and continuous orders, naming and 

repeating. Each test had 10 scores that were in 

totally 60 scores.  At the end of the test, the 

obtained number multiplied by 10 and then divided 

by 6. The obtained number is Aphasia Quotient 

[23],[24]. 

The Pictures naming aphasia test: 

This test consists 50 pictures witch patient 

should be tell the name of them. This kind of test 

according to the type and variety of category are 

classified to three groups, including the Name of 

animals (12 animals), 11 fruit and 27 categories of 

Construction. If the patient fails to express the 

desired word after 10 seconds, He or she was 

semantic guidance in initially and in the absence of 

response, he or she was phonetic guidance. Every 

patient's answer to the pictures recorded on the 

answer sheets and then the total number of correct 

answers, correct answers with no guidance, correct 

answers with semantic guidance, correct answers 

with phonetic guidance, wrong answers and not 

response answers were obtained[ 23]. 

The 2ïback test: 

The 2 -back task has been used to evaluate the 

working memory ability in neurologically intact 

individuals as well as multiple clinical populations. 

It Includes 100 Number (1 to 9), that are randomly 

repeated. The 2-back needs  contributors to process 

a stream of incoming data and respond when the 

current stimulus is the same as the stimulus ñ2 

items agoò. In this study, the number of correct 

answers has been considered as a test score [25].  

The Computer program naming aphasia test: 

Program used in this study included 60 Image, 

Which com in three semantic categories including 

animals, fruits, and objects (20 images in each 

semantic category). During treatment with tDCS, 

Images and their name was presented using the 

computer. And none of these images wasnôt seen in 
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the Pictures naming aphasia test [23],[ 24]. 

Electrodes and stimulation of the brain: 

In this study Direct current was induced by a pair 

of electrodes in a 5 × 5cm saline-soaked synthetic 

sponge and delivered by a battery steered constant 

current stimulator using (included of 20 min of 2 

mA). According to Knoch et al. the device used, is 

particularly trustful for studies: a switch can be 

enabled to interrupt the electrical current while 

retaining the (ON) display and showing the 

stimulation parameters throughout the procedure to 

the participant [26]. 

In these conditions the interaction between the 

two hemispheres during task execution is also 

under control. So in present study for left DLPFC 

stimulation, the anodal electrode was located over 

the left DLPFC and the cathodal electrode over the 

right DLPFC. For the stimulation of sham group, 

the electrodes were located at the same positions as 

for stimulation in active manner, but the stimulator 

was turned on only for 30 s. Thus, these 

participants felt the primary itching sensation 

associated with trans direct current stimulating 

(tDCS), but received no active current for the 

remainder of the stimulation period [26]. 

Experimental Design: 

Twenty participants (8 women; and 12 man) 

were randomly assigned to receive cathodal 

electrode over the right predestinated DLPFC area 

(by using of the 10/20 EEG system) and anodal 

electrode as a active stimulation over the left 

predestinated DLPFC area ( n = 20) and sham 

stimulation or no stimulation group (n = 20) [27]. 

After selecting the participants, we consisted three 

ordered phases, separated by at least 3 days [19, 21 

and 28]. In the first phase, the written informed 

consent was given to the participants prior to their 

inclusion in the study. Then the technique of 

MMSE test for Dementia and test for identify the 

type of aphasia was done in the same session [23],[ 

24].  

In the second phase (3 day after the first session), 

picture naming, Working Memory and Aphasia 

Quotient Were evaluated by The Pictures Naming 

Aphasia test, 2-back test and Persian aphasia test, 

respectively, and results were recorded in the 

patient questionnaire as a before tDCS treatment 

results. 

 In the last phase (including treatment session), 

for stimulation of the left DLPFC and right DLPFC 

the anodal electrode and cathodal electrode were 

located over the left and right DLPFC respectively 

for 10 days.  

In this study, for active stimulation, the subjects 

received a steady current of 2 mA intensity for 20 

min. the last studies have indicated  that this kind of  

stimulation intensity is safe and can be more 

effective than 1 mA stimulation[ 19, 21and 28]. 

During the stimulation period, Patients Underwent 

the Computer program naming test for the naming 

performance. This test helps them to naming and 

tells pictures. At the end of treatment, picture 

naming, Working Memory and Aphasia Quotient 

Were evaluated by The Pictures Naming test, 2-

back test and Persian aphasia test, respectively, and 

results were recorded in the patient questionnaire. 

For Statistical analysis, data was analyzed by SPSS 

19 and Manova test and used Pearson correlation 

coefficient. It also describes the test score (before 

and after treatment). 

 

 Results: 

All subjects without any complications ended the 

tree treatment phases. The ratings of Subjectôs self-

reported of attention, perceived pain and fatigue 

were not statically significant during the treatment 

sessions, (F (2, 13) <1, p>0. 26). All of our 

measures completed within 20 minutes of the tDCS 

cessation. The results of statistical analysis of the 

naming Persian aphasia test without any guidance, 

with semantic guidance and with phonetic guidance 

are shown in the tables below (Table 2 and Fig.1). 
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According to the Multivariate analysis of 

variance (Hotelling,s Trace), the relationship 

between naming performance, before and following 

A-tDCS treatment were significant in The Pictures 

naming Persian aphasia test(Fig1A). P = 0/000  мF 

= 208/551 . 

And also, the relationship between naming 

performance before and following A-tDCS 

treatment among patients with different lesion 

location (anterior and posterior-anterior), were 

significant )P = 0/003 мF = 7/873, (see table 3and 

Fig.1B) But there are no significant relationships 

between patients with different sex (Variable sex) 

in the same conditions (see table 4 and Fig. 1C) P = 

0/406   мF = 1/038. 

Here, when the variables, gender and location of 

the lesion, considered together, no significant (P = 

0/325 мF = 1/263( relationships were revealed 

between the results of the naming aphasia test 

among patients before and following A-tDCS 

treatment (Table 5 and Fig.1D). 
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The 2ïBack Test: 

The results of statistical analysis of the 2ïback 

test are shown in the tables above and below (see 

Table 2-4 and 6) and Fig 2). 

In the table 2 and figure 1A it was shown that, 

the results of statistical analysis the 2ïback test 

before and following A-tDCS treatment was 

significant (P = 0/000  мF = 164/395), 

And also, the result of the 2ïback test was 

significant among patients with different lesion 

location (anterior and posterior-anterior) (Table3, 

Fig. 2B). P = 0/010, F = 5/539, But not sex (Table 

4 and Fig. 2C). P = 0/982, F = 0/056. 

Here, when the variables, gender and location of 

the lesion, considered together, no significant (P = 

0/585 мF = 0/669) relationships were revealed 

between the results of the 2ïback test among 

patients before and following A-tDCS treatment 

(Table 6 and Fig. 1D). 
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Aphasia Quotient test:  

The results of statistical analysis of The Aphasia Quotient test 

are shown in the tables above and below (Table 2- 4 and 7) 

and Fig 3. 

From the table 2 and figure 3A  it was concluded that, there 

are a significant difference between the results of The Aphasia 

Quotient test  among the patients before and following A-tDCS 

treatment )P = 0/000 ,F = 659/266  

And also, the result of Aphasia Quotient test was significant 

difference among patients with different lesion 

locations(anterior and posterior-anterior)(Table3, Fig3B). P = 

0/000 мF = 15/312(, But there are no significant relationships 

between patients with different sex (Table4, Fig3C). P = 0/806 

 мF = 0/327 

Like other tests, the variables such as  gender and location 

of the lesion, when considered together, there no significant (P 

= 0/234 мF = 1/601 relationships were revealed between the 

results of Aphasia Quotient test among patients before and 

following A-tDCS treatment(Table 7)and Fig3D. 

 




