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Abstract

Objective: Evaluate the effect of transcranial direct current stimulation (tDCS) combined with reading therapy on the
performance of reading tasks in a serie of cases of children and adolescents with developmental dyslexia (DD).

Method: (IRB/UNIFESP number:1281/2017). Four dyslexic students (two children and two adolescents) were
evaluated with regards to rate and accuracy of reading fluency on three occasions: pre-intervention as well as one and
six months after intervention. The intervention consisted of five consecutive sessions of active tDCS (1 mA for 20
minutes), followed by a two-day interval and another five sessions of tDCS combined with cognitive skills stimulation
of phonological processing and decoding of words. Anodal tDCS was administered over the left parieto-occipital cortex,
with the cathode placed over contralateral deltoid muscle. Each session was preceded by execution of semantic-lexical
and phonological evocation tasks. Data were analyzed using Friedman test and JT method for analysis of clinical
significance and the reliable change index.

Results: Improvements were found in text reading rate and accuracy and word accuracy at the one-month and six-
month evaluation. A significant increase was found in correct reading of words and pseudowords six months after
intervention. Most of the improvements were reliable, with clinical significance in some cases. Conclusion: Transcranial
direct current stimulation combined with a reading stimulation program proved effective at improving reading skills in
these participants.
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1. Introduction

Developmental dyslexia (DD) are a neurobiological disorder characterized mainly by an impaired ability to decode and
automatically, precisely recognize written words [1]. Magnetic resonance studies confirm abnormal and/or
hypoactivation of temporo-occipital, temporo-parietal, left lower parietal, as well as the anterior and posterior cingulate
regions (posterior areas of the left brain [2,3]. One study also found greater activation of the temporal region of right
hemisphere in individuals with DD [3].

Current studies describe different types of dyslexia [4,5]. Moreover, due to the complexity of cognitive-linguistic
processes involved in reading, several clinical manifestations are reported, such as lower performance on lexical

* Corresponding author: Isabela Ciola de Castro
Department of speech-language and hearing sciences - Paulista School of Medicine - Federal University of Sdo Paulo, Address: Rua
Botucatu, 802 - Vila Clementino- 04023-062 - Sdo Paulo - Brazil.

Copyright © 2021 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0.


http://creativecommons.org/licenses/by/4.0/deed.en_US
https://wjbphs.com/
https://doi.org/10.30574/wjbphs.2021.7.3.0105
https://crossmark.crossref.org/dialog/?doi=10.30574/wjbphs.2021.7.3.0105&domain=pdf

World Journal of Biology Pharmacy and Health Sciences, 2021, 07(03), 080-088

decision tasks or fast, precise reading of words during activities of morphosyntactic awareness and orthographic
processing [6-8]. Such problems in the performance of low cognitive order tasks are generally related to deficits in
phonological processing, which encompasses skills such as short-term and operational phonological memory,
automatic phonological access to lexicon, and phonological awareness [9].

The complexity of processes and brain circuits involved in reading suggests that the rehabilitation of these decoding
abnormalities requires therapeutic methods with multisensory and multilevel approach. In line with such approaches,
programs have been designed to promote stimulation of different skills involved in learning to read, such as visual skills
for recognition of letters, cognitive and language skills for processing phonological information and the phoneme-
grapheme association, automatic recognition of written words, and text comprehension [10,11]. Motor stimulation and
balance tasks also contribute to the development of spatiotemporal orientation, rhythm, and motor coordination, which
are essential to reading and writing, considering the role of the cerebellum in the optimization and automatization of
language [12].

Recently, researchers have studied the use of novel resources for rehabilitation of neurodevelopmental disorders, such
as transcranial direct current stimulation (tDCS) [13-17]. This therapeutic modality involves noninvasive low-intensity
electrical stimulation over the scalp with the aim of modulating cortical excitability by changing the membrane potential
of cells located in the cortex and either exciting (anodal stimulation) or inhibiting (cathodal stimulation) desired areas
[14,17].

Researchers have studied effects and durability after applying tDCS combined with interventions involving stimulation
of specific functions and skills in different neurodevelopmental disorders, including reading [14-16] in children and
adolescents [14-17].

With regards to reading, some studies have found improvements in recognition of less common words and non-words
in children and adolescents with DD after a short intervention involving anodal stimulation of posterior areas of left
brain. Such effects were found in both short and long terms [14-16].

However, there is insufficient scientific evidence regarding effects of tDCS on DD and its combination with stimulation
therapies of another nature (such as, linguistic) in children and adolescents with DD. Additionally, although most studies
have applied the anodal electrode over temporo-parietal region, there is no consensus concerning the best placement
of electrodes, as the different anodal and cathodal montages employed have achieved different results [14-16]. There is
also no agreement about the need for and what therapeutic reading stimulation therapies should be used during tDCS
[14,15,33].

The hypothesis tested in the present study was that anodal tDCS administered over left parieto-occipital region, which
is related to the visual areas of reading, combined with multisensory, multilevel therapy involving the stimulation of
cognitive and reading skills, would produce positive effects on rate and accuracy of reading fluency in students with DD.

Therefore, the aim of the present pilot study was to investigate the effects of anodal tDCS administered over left parieto-
occipital region combined with a multilevel reading stimulation program on rate and accuracy of reading fluency in a
case series of children and adolescents with DD.

2. Methods

The present prospective, longitudinal study with quantitative and qualitative analysis received approval from the local
institutional review board (CEP-UNIFESP/EPM - certificate number: 1281/2017).

Four students with a multidisciplinary diagnosis of DD [two children (both girls with a mean age of 8,9) and two
adolescents (one girl and one boy with a mean age of 13,4) participated in the study. The students attended the 3rd
(private system), 4th, 7th and 8% (public system) grades of primary school. All participants were submitted to
phonological and neuropsychological evaluations to ensure that they met the inclusion criteria: adequate oral
comprehension; reading speed and accuracy of texts and isolated words below the average and standard deviation;
average or above average intelligence quotient; absence of neuropsychiatric comorbidities; signed statement of
informed consent by a legal guardian and statement of consent signed by the child or adolescent.

The flowchart of the study is displayed in Figure 1.
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Figure 1 Study flow chart

2.1. Evaluation protocol
Speech therapists unaware of the study monitored the evolution of the participants, assessing reading skills on three
occasions: pre-intervention, one month after stimulation, and six months after simulation.

The following were the variables of interest:

Fluency reading words [18] and narrative text [19]: number of words read per minute (rate) and read correctly
(accuracy).

e Accuracy/score [20]: number of words read correctly per psycholinguistic category (20 common words, 20
uncommon words, and 20 pseudowords) and total.

2.2. Intervention protocol

2.2.1. Transcranial direct current stimulation

A tDCS device (Soterix Medical Inc.) was used with two sponge (non-metallic) surface electrodes (5 X 7 cm2) moistened
with saline solution. A current of 1 mA (0.029 mA/cm?) was administered for 20 minutes with the anodal electrode
positioned over the left parieto-occipital cortex (10/20 international electroencephalogram system) and the cathode
over contralateral deltoid muscle.

2.2.2. Multilevel reading stimulation program

All participants were submitted to tDCS combined with a reading stimulation program, which was designed based on a
bibliographic survey of the most common difficulties found in children with DD and skills stimulated in different DD
intervention programs.

e Prior to the placement of the electrodes for tDCS, stimulation of semantic and phonological verbal fluency was
performed with the participant on a balance disk (mean duration: 3 minutes). The aim of this activity was the
stimulation of executive functions and language functions (lexical access and vocabulary) and the activation of
balance pathways [21,22]. After stepping onto the balance disk, the participant was instructed to list the
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maximum number of words in a particular semantic class for one minute and the maximum number of words
beginning with a given phoneme for one minute. Assistance was given in the form of semantic and/or
phonological cues.

e During tDCS (duration: 20 minutes), stimulation of phonological processing (phonological awareness,
operational memory, and rapid naming) along with phonological and lexical routes for reading, as described
below:

+« Stimulation of phonological awareness: syllabic and phonemic exclusion skills [23]. After hearing a word, the
participant was instructed to exclude a syllable or phoneme and say the resulting word. An example was given
and, when necessary, visual cues were offered with objects to assist in the example and teach strategies to the
participants. As the individual performed the activity more easily, assistance was gradually reduced and
eventually eliminated. There were six syllabic exclusion items and six phonemic exclusion items per session.

+ Rapid naming to increase the velocity of lexical access [24]: Two lists from the PRONAR-LE remediation
program with quick, automatic naming and reading [24] were presented in each session. The researcher first
named and/or read the stimuli together with the participant, who was instructed to name or read each figure
or linguistic item (objects, words, or pseudowords) as quickly and correctly as possible. When more than five
errors were committed, the list was presented a second time with the instruction to read it again more carefully.
If performed very slowly, the instruction was given to perform it again at a faster pace. Each list was performed
a maximum of twice.

¢ Operational memory - digits and letters [25]: sequences of numbers and letters in random order were
presented orally and the participant was asked to rearrange and repeat the sequences in alphabetical order
and increasing numerical order. Visual assistance was given at the beginning and the number of stimuli was
increased based on a 50% rate of correctly performing of the task.

+ Reading words on a computer program with the aim of increasing reading velocity and word precision using
the phonological and lexical routes [26]: Words were presented in segmented form (in letters) and complete
form three consecutive times. The presentation time was 500 ms per stimulus (letter or word) in the first five
sessions, as suggested by Nepomucemo & Avila (2013) [26] and was reduced to 350 ms in the second week.
The words were taken from a reading database for primary schoolchildren [27] and separated into high,
medium, and low frequency. The words were presented randomly, with 40 different words presented in each
session.

% Reading from a list of words (duration: three to five minutes): At the end of each session (without the tDCS
electrodes), the participants read aloud the same list of words used in the program with the aim of increasing
reading rate and accuracy through increasing the automatic recognition of words.

7
*

Five 30-minute sessions of combined stimulation were held, followed by a two-day interval and another five consecutive
sessions. None of the participants took part in any other intervention program during the six months after intervention
unless oriented to do so.

Friedman’s test was used to compare variables among the different evaluation times (significance < 0.05). The JT
method [28] was used to determine the clinical significance (external validity) and measure the impact of the
intervention program (whether a change in clinical status occurred from a dysfunctional to functional performance).
The reliable change index (internal validity) was investigated to determine whether the changes were attributed to the
procedures applied or merely fluctuations, artifacts, or measurement errors.

3. Results

The Table 1 displays individual performance values at each evaluation moment. Except for speed of reading isolated
words, the 4 participants increased the speed and the number of correct answers in Assessment 6, compared to
Assessment 0. As for text reading, all showed improvement since Assessment 1 and continued to improve until the
Assessment 6, even without intervention.

When observing the group, despite the number of participants being small, there was an improvement in fluency, with
a significant increase in both rate and accuracy (p = 0.046) of text reading one month after the intervention. A significant
increase in the accuracy of reading words and words plus pseudowords was found six months after the initial
assessment (p = 0.046).
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Table 1 Individual values in reading tasks in each assessment and comparison of performance averages in the
evaluation after 01 months and after 06 months, in relation to the initial evaluation

rasks - > Participants 2 7 P value

Av0 Avl Av 6 Av0  Avl Av 6 Av0 Avl Av 6 Av0 Avl Ave6 Av1 Av 6

Accuracy w. | 29 33 38 34 38 36 21 25 28 30 30 38| 0,083 | 0,046*

Accuracy 4 8 10 6 10 12 7 11 10 9 7 13| 0,105 | 0,105

PW.

total 33 41 48 40 48 48 28 36 38 39 37 51| 0,317 | 0,046*

Word rate 24 26,66 27,42 30,31 32,35 48.8 34,61 25,04 31,3 35,12 43,63 41,7 | 0,368 | 0,368

Word 10 15,55 20,05 18,95 22,59 38.6 14,61 13,56 16,3 16,82 29,09 33,9 | 0,317 | 0,046*

accuracy

Text rate 60,2 66 76,5 76 78 79,01 62,89 83,82 67,3 79,22 92 99 | 0,046* | 0,046*

Text 489 577 69,6 56 65 68,5 44,21 70,58 59,1 60,66 88 96,8 | 0,046% | 0,046*

accuracy

Legend: Friedman Test; significance p <0.05
Abbreviations: w= words; pw = pseudowords; Av0 = pre-intervention evaluation ; Avl = reassessment after 1 month; Av6 = reassessment after 6 months.

The reliable change and clinical significance indices for each participant and each variable are displayed in Table 2. Most
changes (increase in reading rate and accuracy of words, pseudowords, and text) were attributed to the intervention
program. Changes in status were found in the population from dysfunctional to functional for different variables (clinical
significance).

Table 2 Reliable Change (RC) and Clinical Significance (CS) by participant, for the variables number of correct answers
in word reading, pseudowords and rate and accuracy of words in the pre, one-month and six- month evaluation

Participant 1 2 3 4
Gender Female Female Male Female
Age (years) 08.8 09.1 14.3 12.6
Revaluation 01 month 06 months 01 month 06 months 01 month 06 months 01 month 06 months
Scores on reading words + pseudowords RC + + + + + + - +
CS
Scores on reading regular words RC + + + + + +
CS + + + + +
Scores on reading irregular words RC - + + + + + +
CS + + + i
Scores on reading pseudowords RC + + + + + + - +
CcS
Word rate RC + + + + + +
CS +
Word Accuracy RC + + + + + +
CS + +
Abbreviations: RC+: reliable change and improvement; RC-: reliable change and worsen; CS+: status change for the functional population.

At the six-month evaluation, all participants exhibited a clinically significant improvement in reading of common words,
three exhibited improvement in uncommon words reading, and two changed statuses in terms of accuracy. One
participant exhibited a clinically significant improvement in both common and uncommon words at the one-month
evaluation and was the only one to change status in terms of word reading rate (after six months).

Regarding side effects, during stimulation sessions the participants described an itching sensation in the region
stimulated and one participant reported migraine after the first two stimulation sessions.
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4., Discussion

Reading fluency (rate and accuracy) was the focus of the stimulation in the present study. Based on Friedman test
results, improvements were found in text reading velocity one-month after tDCS, but no improvement was found in
reading rate of isolated words. The participants were stimulated through two reading routes (phonological and
orthographic), as the words were presented segmented and then whole. In one of the cases, reading time and accuracy
increased, demonstrating an improvement in the phonological route, for which a deficit had previously been found.
Moreover, clinically significant increase in accuracy score was found, especially for reading common words,
demonstrating the use of orthographic route by the four participants.

Therefore, improvements in reading fluency were attributed to improvements in using two routes. However, these
findings differ from data described in previous studies, which prioritized phonological route during the placement of
anodal electrode (temporal-parietal region) tested either alone [15] or in combination with cognitive training involving
emphasis on grapheme-phoneme correspondence [14]. In the present study, the parieto-occipital region (P5) was
stimulated, which is related to magnocellular deficit [29] associated with areas responsible for phonological processing
and grapheme-phoneme correspondence [30]. The decision was made not to inhibit contralateral areas, as recent
studies have shown that children at risk and those with DD have greater activation of the contralateral areas,
compensating for deficits in left brain [3,31].

We should also consider the fact that tDCS is not a focal form of stimulation [32,33] and the current may therefore have
dissipated, leading to stimulation of other areas underlying the parieto-occipital region, such as temporal-parietal and
temporo-parieto-occipital junctions. According to neuroimaging studies, these areas are under-activated in children
with DD and are also important to phonological awareness tasks and, consequently, reading [2,3,31].

Besides tDCS, one must consider the type of cognitive-linguistic stimulation applied. Few studies have adopted this
combination [14,33]. In the present investigation, a generic, multilevel reading stimulation therapy was designed with
different skills related to reading learning that are recognized as being deficient in children with DD. Moreover, three
theories to explain the neurological basis of DD were considered. The phonological deficit therapy postulates that DD is
associated with changes and hypoactivation of circuits in the temporal, temporo-occipital, and temporo-parietal cortex.
The second theory is that dyslexia originates from changes in the magnocellular system, which is involved in visual
attention, eye movements, and spatial orientation and is associated with the posterior parietal cortex. The third theory
is about cerebellar deficit and highlights the participation of the cerebellum in balance as well as the language
processing and automatisms [28]. This could explain the greater improvements in different variables found in
comparison to previous studies [13,14].

The individual analyses using the JT method confirmed the effectiveness of the combined interventions, as most changes
were reliable, and all participants achieved the minimum values of normality regarding accuracy for common words
and some uncommon words as well as fluency in the reading of isolated words.

The participants exhibited a good overall performance in both short and long term, demonstrating the effects of meta-
plasticity [13,34], as the significant improvement in reading was maintained after six months. This underscores the
relevance of the present findings, as the literature shows that interventions for DD tend to be long term [35]. However,
although positive and promising, the results cannot be generalized, as the sample was small and heterogeneous in terms
of age and school grade.

The present study has limitations that should be considered. The sample was small, and the heterogeneity of the
participants does not enable the generalization of the results. Another limitation was the lack of control groups to
determine the effects of active tDCS, sham tDCS, active tDCS alone (not combined with cognitive therapy), and cognitive
therapy alone (without tDCS), as the reading therapy program was not tested alone to determine its effects and most of
the participants in the study were not undergoing language therapy. The consensus in the literature is that treatment
for DD tends to be long [35]. The placement of the cathodal electrode should also be studied to determine the best
stimulation site (areas of the contralateral hemisphere, the arm, or buccinator muscle). Another limitation of this study
was the failure to determine the subtypes of dyslexia among the participants, which could explain some of the results
and could have assisted in the choice of electrode placement and the direction of therapy.

Controlled, blinded studies could assist in determining the best areas of stimulation and inhibition to determine the
contribution and weight of each type of stimulation (tDCS and reading stimulation program).
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5. Conclusion

All the participants showed positive short- and long-term effects on reading fluency and accuracy after received the
combination of anodal tDCS administered over parietal-occipital area with cathode placed over contralateral deltoid
muscle combined with a multilevel reading stimulation program (stimulation of reading and predictive skills). This

combination proved to be promising for a rehabilitation that has DD. However, the small sample size prevents
generalization of the results.
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