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Abstractd weaimed toinvestigate the correlation
between stimlation 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 ahworking 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 20ronic
and strokeinduced aphasia patients who each
underwent 10 sessions of Anodatranscranial
direct current stimulation (2 miiAmpere- 20min)
and 10 sessions of shamiranscranial direct
current stimulation (26min) combined with a
computeried anemia treatment.

It was revealed that after ten 220in anodal
transcranial drect current stimulation (2mA)it
significantly improves naming scores, working
memory, Aphasia Quotient or severity and the
Correlation Rate in non fluent aphasia patients a
compared to shamtranscranial 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.
Treatmenwith10 sessions of Anodatranscranial
direct current stimulation (2 mA20min) 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 &in role in it.

Key word® Anodali transcranial direct current
stimulation non fluent aphasideft dorsolateral
prefrontal cortex (LDPC)

INTRODUCTION

One of the main impairment of language ability
is aphasia or speechlessness disorders. It usually
cawsed 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 caes of adult aphasia is due to stroke, and
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more than 50 60%
impairment[ §,[7].

The aphasia disorders can be divided into:
global, B-costicabh ndotor, mixed taanss
cortical, We r aorticalk sefssry,
conductia, 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 phasof stroke, the global type of
aphasia are more prevalence form and consist
approximately 2010% of aphasias , whereas the
classic aphasia are found only in a 25 percent of
patients, and 125% of patients are
unclassifiable[8]. The ranges of languageodier
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 p&of prefrontal cortex
(DLPFC)[1],[8].The critical function of left
dorsolateral part of prefrontal cortex (DLPFC) in
verbd 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 DPFC 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 a improved ability to name pictures,
working memory (WM) [9-[12].

Todayobs, stimulati on
current (tDCS) as a safe and riamasive 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

of them have chronic
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reference electrode, a part being digdrthrough
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 sfimulation [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 dhe 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 20min anodal tDCS (1 mA) sessions it
has beneficial effect on hpsia recovery [1920].

And also, it was reported that stimulation by the
same parameters enhanced working memory (WM)
in healthy persons, as measured by tiraek
working memory method [21], and in patients with
Par kinsonds di s e altesmturgs2 2 ]
shows that more sessions (> 5 sessions), longer
sessions (> 2@nin), and greater stimulation
intensity (> 1 mA) may be able to elicited even
greater success [LR1].

Along to those, many treatments were designed
to reveal the role of otheristulation 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 2@min anodal tDCS (2 mA) sessions
on naming score and working memory according
the role of lesion location in the aphasia recovery,
in the patient vth non fluent aphasia disorder.

Material and methods:

Subjects:

Twenty right hand Persian patients with chrenic
non fluent aphasialisorders (range 4B1 years;
mean age, 55.9372. 4 year s, a-t a
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 mediaat or psychotropic drugs
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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.

Sex Meanage N Local kesion
Aneroposierior  Anferior

Male 555 12 5 7

Female 56375 8 4 4

Total 55937 2 9 1

Table 1: Base line patient characteristics

The Persian aphasia t&s

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 mtiplied 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 oditegory 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 abseof
respgnsg, hegoy,shg,was phgngtic 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 2 back 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-Back needs contributors to process
a stream of incoming data and respond when the
current stimulus is the
items agoo. I'n this
answers has beeomsidered as a test score [25].

The Computer program naming aphasia test:

6 oPTORH@M ysed inptra'sss{udy included 60 Image,

Which com in three semantic categories including
animals, fruits, and objects (20 images in each
semantic category). During treatmenithwtDCS,

Images and their name was presented using the
computer. And none of

study,

t hese
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the Pictures naming aphasia test][R34].

Electrodes and stimulation of the brain:

In this study Direct current was induced by a pair
of electrodesn a 5 x 5cm salinsoaked 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 inteupt 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 contol. 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 stimulatian in active manner, but the stimulator
was turned on only for 30 s. Thus, these
participants felt the primary itching sensation
associated with tranglirect current stimulating
(tDCS), but received no active current for the
remainder of the stimulation ped [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 thedt |
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 sessidr[ [23
24].
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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, -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 suligec
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 Persiaphasia 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 treatmeh

Results:

All subjects without any complications ended the
tree treatment phases.
reported of attention, perceived pain and fatigue
were not statically significant during the treatment
sessions, (F (2, 13) <1, p>0. 26).ll Aof 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 &igll).

The
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TheNaming | TheD The Naming
AphasiaTest | AphasiaTest- |AphasiaTest-
‘Withount Any semantic phonetic Total Naming

Fact2 Guid: gnid: gnid: AphasiaTest |Two-BackTest | AphasiaQuotient

Before Mean 12.0500 1.8000 3.9500 17.3000 [7.4500 28.0000
Variance 4.366 695 787 11.116 3.629 7.684
Std. Deviation 2.08945 83351 38704 3.33404 1.90498 2.77204
Std. BrrorofKurtosis  |.992 992 992 992 992 992

Sham Mean 12.2500 1.5000 3.8500 17.6000 7.4000 27.9000
Variance 6.513 634 555 10.463 2.884 6.937
Std. Deviation 2.55209 82717 74516 3.23468 1.69830 2.63379
Std.ErrorofKurtosis | .992 992 992 992 992 992

Treatment Mean 14.2000 2.6500 5.5500 22.4000 9.0500 30.2500
Variance 6.063 976 1418 15.200 3.208 9.145
Std. Deviation 2.46235 98809 1.19097 3.89872 1.79106 3.02403
Std. ErrorofKurtosis  [.992 992 992 992 992 992

Total Mean 12.8333 1.9833 4.4500 19.2667 7.9667 28.7167
Variance 6.412 1.000 1.506 16.843 3.728 8.851
Std. Deviation 2.53228 99986 1.22716 4.10401 1.93072 2.97499
std. ErrorofKurtosis  |.608 608 608 608 608 608

Table 2: The results of the Total Naming Aphasia Test, Two-Back Test and Aphasia Quotient Test according to treatment

time

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(FiglA). P = 0/0®D
= 208/551

And also, the relationship between naming
performance before and following -#®®CS
treatment among patients with different lesion
location (anterior and posterianterior), were

significant)P = 0/003 Fv= 7/873 (see table 3and
Fig.1B) Bu 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 M= 1/038.

Here, when the variables, gender and location of
the lesion, considered together, no siguaifit (P =
0/325 HRu= 1/263 relationships were revealed
between the results of the naming aphasia test
among patients before and following-tBCS
treatment (Table 5 and Fig.1D).

TheNaming TheNaming TheNaming
AphasiaTest AphasiaTest- | AphasiaTest-
‘Without Any semantic phonetic Total naming
Lesion Location Guidance gnidance gnidance aphasiatest Two-Back Test | AphasiaQnotient
Anterior Mean 14.3333 22727 4.7879 21.3939 8.9697 30.7273
‘Variance 4.229 955 1.735 14.496 3.280 4767
Std. Deviation 2.05649 97701 131714 3.80739 1.81116 2.18336
Std. ErrorofKurtosis  |.798 798 798 798 798 798
posterior-antegior Mean 11.0000 1.6296 4.0370 16.6667 6.7407 26.2593
‘Variance 3.000 858 960 7.615 1.584 2.815
Std. Deviation 1.73205 92604 97985 2.75960 1.25859 1.67774
Std. ErrorofKurtosis | .872 872 872 872 872 872
Total Mean 12.8333 1.9833 4.4500 19.2667 7.9667 28.7167
‘Variance 6.412 1.000 1.506 16.343 3.728 8.851
Std. Deviation 2.53228 99986 1.22716 4.10401 1.93072 2.97499
Std. ErrorofKurtosis | .608 608 608 608 608 608

Table 3: The results of the Total Naming Aphasia Test, Two-Back Test and Aphasia Quotient Test according to lesion location
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TheNaming TheNaming TheNaming
Aphasia Test AphasiaTest- | AphasiaTest-
WithontAny | semantic phonetic Total naming
Sex Guidance gnidance gnidance aphasiatest Two-Back Test | AphasiaQuotient
Male Mean 12.5833 1.9167 4.3056 18.8056 8.0278 28.5833
Variance 5.336 1.050 1.590 16.618 4.885 8.879
Std. Deviation 2.30992 1.02470 1.26083 4.07655 2.21019 2.97969
Std. ErrorofKurtosis  |.768 768 768 .768 768 .768
Female Mean 13.2083 2.0833 4.6667 19.9583 7.8750 28.9167
‘Variance 8.085 949 1.362 17.085 2.114 9.123
Std. Deviation 2.84344 97431 1.16718 4.13342 1.45400 3.02046
Std. Errorof Kurtosis 918 918 918 918 918 918
Total Mean 12.8333 1.9833 4.4500 19.2667 7.9667 28.7167
Variance 6.412 1.000 1.506 16.843 3.728 8.851
Std. Deviation 2.53228 99986 1.22716 4.10401 1.93072 2.97499
Std. Errorof Kurtosis 608 .608 608 608 608 608

Table4: The results of the Total Naming Aphasia Test, Two-Back Test and Aphasia Quotient Test according to Sex

Sex Lesion Location Mean Std_Deviation N

‘Total Naming Aphasia Test-Befare Male Anterior 187143 236039 7
posterior-anterior 152000 258844 5

Total 172500 295804 12

Female Anterior 22.0000 216025 4

posterior-anterior 152500 50000 4

Total 18.6250 3.88909 8

Total Anterior 199091 273695 11

posterior-anterior 152222 1.85592 9

Total 17.8000 333404 20

‘Total Naming Aphasia Test- Male Anterior 20.8571 393398 7
Treatment posterior-anterior 168000 356371 5
Total 19.1667 417424 12

Female Anterior 237500 5.43906 4

posterior-anterior 18.0000 141421 4

Total 20.8750 4.79397 8

Total Anterior 219091 450454 11

posterior-anterior 173333 273861 9

Total 19.8500 439228 20

‘Total Naming Aphasia Test-Sham Male Anterior 21.0000 3.87298 7
posterior-anterior 18.4000 364692 5

Total 199167 3.84846 12

Female Anterior 24.7500 275379 4

posterior-anterior 162500 250000 4

Total 20.5000 515475 8

Total Anterior 223636 3.85416 11

posterior-anterior 174444 320590 9

Total 20.1500 429535 20

Table 5: Descriptive Statistics of the Total Naming Aphasia Test, before and after treatment according to
lesion location and Sex together
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||:| Before treatment @ Sham @ After treatment | Totale Naming Score
30 - IDAnterior Ameropos’(eriorl
25 4 35 -
20 - il
T T
15 - 20 4
10 - 15 -
5 10 A
5 -
0 1 0 - - . 2 1
Total Naming Score Befor treatment Sham After treatment
A B
Total Naming Score Total Naming Score
||:1Anterior @ Anteroposterior |
30 - 25 -
25 - s =
20 -
15 -
15 -
40 10 -
5 51
0 —— T T 1 o U L
Befor treatment Sham After treatment D Male Female
Fig. 1. The results of total naming score (A), according to: A: before and afer stimulation, B: lesion location, C: sex, D: lesion location and sex. Error
bar indicate fixed value.
significant among patients with different lesion
The 2’ Back Test: location (anterior and posterianterior) (Table3,
The results of statistical analysis of thigbdck Fig. 2B). P = 0/010F = 5/539, But not sex (Table
test are shown in the tables above and below (see 4 and Fig. 2C). P = 0/982, F = 0/056.
Table 24 and 6) and Fig 2). Here, whenhe variables, gender and location of
In the table 2 and figure 1A it was shown that, the lesion, considered together, no significant (P =
the results of statistical analysis théback test 0/585 HRu = 0/669) relationships were revealed
before and following ADCS treatment was between the results of theil?ack test among
significant (P = 0/000 m=164/395), patients before and following -DCS treatment
And also, the result of theiBack test was (Table 6 and Fig. 1D).
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Sex Lesion Locaion Mean Std Devixtion N
Two-Back Test-Befime Male Antene 85714 198806 7
postenior anteior 6.0000 1.00000 5
Tatal 75000 206706 12
Female Ardeion 87500 125831 4
posterior anteiar 6.0000 21650 4
Total 73750 176717 8
Total Antenex 26364 168954 1n
postesios-antoion 6.0000 86603 9
Teatal 74500 190498 20
Two-Back Test-Treatment Mak Antener 95714 229907 7
postericr anterar 72000 178885 5
Total 85833 235321 12
Female Antesion 27500 170783 4
poston- antonor 17500 50000 4
Teotal 22500 128174 8
Total Antener 92121 205382 11
posterion-ateio 74484 13338 9
Tetal 84500 195946 20
Ton-Back Test-Sham Malke Antevior 38571 195150 7
postencr antenar 6.8000 23666 5
Total 8.0000 185864 12
Female Artesicx 92500 170783 4
posterion-anteios 57500 170783 4
Tetal £.0000 207020 k]
Tetal Antenor 9.0000 178885 1
postenon antesion 67778 120185 »
Tatal 8.0000 189181 20
Table6: Descriptive Statistics of the Two-Back-Test Before and afier treatment, according to lesion location and sex
O Befor treatment @ Sham & After treatment Two-Back Test
12 q ||:|Anterior DAnteroposteriorl
10 4
8 -
s -
4
2 -
0 .
A Two-Back Test Befor Treatment Sham After treatment
Two-Back Test Two—Back Test
O Male OFemale |El Anterior ©@ Anteroposterior I
14 -
12
10 -
8 .
6 4
4
2 -
o T 1
Befor treatment Sham After treatment Male Female

C D

Fig. 2. The results of total ing score (A), ding to: A: before and after stimulation, B: lesion location, C: sex, D: lesion location and sex. Error bar
indicate fixed value.
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Aphasia Quotient test: 0/000 Rv= 15/31%, But there are no significant relationships
The results of statistical analysis of The Aphasia Quotient tedtetween patients with different sex (Table4, Fig3C). P = 0/806
are shown in the tables above and below (Tabledhd 7) = 0/327
and Fig 3. Like other tests, the variables such as gender and location

From the table 2 and figure 3A it was concluded that, theod the lesion, when considered together, there no signifi{@ant
are a significant difference between the results of The Aphasia0/234 Ru= 1/601 relationships were revealed between the
Quotient test among the patients before and followit®@S results of Aphasia Quotient test among patients before and
treatmentP = 0/000F, = 659/266 following A-tDCS treatment(Table 7)and Fig3D.

And also, the result of Aphasia Quotient test was significant
difference  among patients with  different  lesion
locations(anterior and posterianterior)(Table3, Fig3B). P =

Sex Lesion Location Mean Std_Deviation N

Aphasia Quotient Before Male Anterior 294286 1.71825 7
posterior-anterior 25.8000 130384 5

Total 279167 239159 12

Female Anterior 31.0000 2.16025 4

posterior-anterior 252500 95743 4

Total 28.1250 3.44083 8

Total Anterior 30.0000 194936 11

posterior-antesior 255556 1.13039 9

Total 28.0000 277204 20

Aphasia Quotient-Treatment Male Anterior 30.7143 281154 7
posterior-anterior 27.0000 234521 5

Total 291667 3.15748 12

Female Anterior 31.0000 258199 4

posterior-anterior 27.0000 00000 4

Total 29,0000 272554 8

Total Anterior 30.8182 260070 11

posterior-anterior 27.0000 165831 9

Total 291000 291818 20

Aphasia Quotient-Sham Male Anterior 305714 1.71825 7
posterior-antesior 26.8000 216795 5

Total 29.0000 266288 12

Female Anterior 327500 150000 4

posterior-anterior 255000 1.73205 4

Total 291250 415546 8

Total Anterior 313636 191169 11

posterior-anterior 262222 1.98606 9

Total 29.0500 323590 20

Table7: Descriptive Statistics of the Aphasia Quotient Test, before and after treatment, according to lesion location and Sex
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