:' frontiers Frontiers in Neurology

@ Check for updates

OPEN ACCESS

EDITED BY

Pengxu Wei,

Chinese Association of Rehabilitative
Medicine, China

REVIEWED BY

Zhiwei Mou,

First Affiliated Hospital of Jinan University,
China

Weihong Qiu,

Third Affiliated Hospital of Sun Yat-sen
University, China

*CORRESPONDENCE
Huichang Zhou
13138207102@163.com

These authors share first authorship

RECEIVED 06 April 2024
ACCEPTED 04 July 2024
PUBLISHED 12 July 2024

CITATION

Zhou H, Xu Y, Chen L, Yuan J, Guan Z and
Liang P (2024) Transcranial direct current
stimulation combined with
language-cognitive training improves

language and cognitive ability in children with

language delay.
Front. Neurol. 15:1412959.
doi: 10.3389/fneur.2024.1412959

COPYRIGHT

© 2024 Zhou, Xu, Chen, Yuan, Guan and
Liang. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Neurology

TYPE Original Research
PUBLISHED 12 July 2024
pol 10.3389/fneur.2024.1412959

Transcranial direct current
stimulation combined with
language-cognitive training
improves language and cognitive
ability in children with language
delay

Huichang Zhou*, Yunxian Xu', Lishan Chen, Jiajian Yuan,
Zhiyong Guan and Peng Liang

The First People's Hospital of Foshan, Guangdong, China

Introduction: Language delay cannot be ignored, and there is an urgent need to
determine therapies that elicit better results in a short period. However, whether
transcranial direct current stimulation (tDCS) alone or in combination with other
therapies can promote recovery of language and cognitive function in children
with language delay remains unknown. This study aims to explore the effects of
tDCS combined with language-cognitive training and home-based rehabilitation
on language and cognitive ability in children with language delay.

Methods: Children with language delay who visited the Department of
rehabilitation medicine or the pediatric outpatient clinic of the First People’s
Hospital of Foshan from January 2019 to December 2021, totaling 190 in
number, were included and randomly divided into 4 groups, i.e., the family
guidance group, the tDCS group, the language-cognitive training group, and the
comprehensive training group. The family guidance group (47 cases) received
home training. The tDCS group (46 cases) received home training and tDCS
treatment. The language- cognitive training group (49 cases) adopted home
training and language-cognitive training. The comprehensive training group (48
cases) took home training, language-cognitive training, and tDCS treatment.
All groups received training 5 times a week for 4 weeks. The Sign-significant
relations (S-S) test was applied to evaluate the language comprehension,
language expression, basic learning ability, and attitude of communication of
the children.

Results: The language-cognitive training group and the comprehensive
training group showed improvement after treatment (p < 0.05) regarding basic
learning ability. The communication attitude of the four groups improved after
intervention (p < 0.05). Particularly, the comprehensive training group had
maximum improvement after intervention. No serious adverse reactions such as
epilepsy, headache, and behavioral abnormalities were found.

Conclusion: tDCS combined with language-cognitive training and home training
can improve language and cognitive ability in children with language delay.

KEYWORDS

language delay, transcranial direct current stimulation (tDCS), language-cognitive
training, home training, Sign-signification relations (S-S) test
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1 Introduction

Language delay refers to the condition whereby a child’s language
development does not reach an appropriate level for their age. The
prevalence rate of preschool children with language delay is
approximately 7.4% in the United States and at least 5~12% in China
(1, 2). Delay in childrens language affects their ability to adapt to society
and increases the incidence of psychological and behavioral problems,
such as attention deficits and learning difficulties (3). Without prompt
treatment, 40 to 60% of children may continue to have speech and
language difficulties, with a higher risk of social, emotional, behavioral,
and cognitive problems later in life (1). Long-term cohort studies have
found that children with late language maturity are more likely to have
narrative and reading-related learning difficulties by the end of primary
school, even if they catch up with normally developing children at ages
4 to 7 (4). Numerous studies have proved that language delay cannot
be ignored, and early language intervention achieves better outcomes.

Childrens development is related to their environment and
interactions (5). Tosh assumes that family training can improve the
speech and language skills of children with language difficulties (6).
Zhao et al. believe that early family training can improve their
language level and communication skills (7). Therefore, family
training is important for children’s language development (8).
However, implementing home training is not easy, and it requires
parents to have a good level of expertise and compliance. Due to
limitations in parents’ compliance and children’s cooperation, family
training is rarely used in the treatment of language delay.

Accumulating evidence suggests that speech/language therapy
and cognitive training can promote the development of children’s
language and cognitive functions through systematic training of
speech, memory, hearing, and expression skills (9). By direct
intervention of language and indirect intervention of factors that
influence language in children through comprehensive intervention,
improvement in language and cognition in children can be achieved,
which is helpful during early treatment. However, only a small number
of families can receive long-term treatment. Whether the effects of
such treatment can be evident during a relatively short period remains
unknown. Hence, there is an urgent need to determine therapies that
elicit better results in a short period.

Non-invasive brain stimulation (NIBS) methods have been widely
utilized in research settings to manipulate and understand the
functioning of the human brain. The use of NIBS for the recovery of
language and cognitive functions has been well documented (10). Qiu
et al. found that combining transcranial magnetic stimulation (TMS), an
NIBS technique, and language training can effectively improve linguistic
competence, action ability, and mouth movement in children with
language delay (11). Transcranial direct current stimulation (tDCS) is
another NIBS technique that uses weak currents to regulate cortical
excitability (12). tDCS with concurrent computerized cognitive training
could enhance cognitive function in stroke patients (13). It was also
found that the combination of tDCS and speech-language therapy or
performing a writing task could improve performance of language and
cognitive tasks for stroke patients (14, 15). However, whether tDCS alone

Abbreviations: tDCS, Transcranial direct current stimulation; S-S test, Sign-significate
relations examination; TMS, Transcranial magnetic stimulation; DSM-V, Diagnostic

and statistical manual of mental disorders (5th Edition).
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or in combination with other therapies can promote recovery of language
and cognitive function in children with language delay remains unknown.

In the current study, we investigated the effects of tDCS, home
training, language-cognitive training, and the combination of these
therapies on language and cognitive function in children with
language delay.

2 Materials and methods

2.1 Study design

This study was a prospective, randomized, controlled, and
assessor-blind trial. The Research Ethics Committee of the First
People’s Hospital of Foshan approved this study (Approval Number: L
[2017] No. 6), and written informed consent was obtained from the
legal guardian of each participant.

Each patient was randomly assigned to one of four groups: the
family guidance group, the tDCS group, the language-cognitive
training group, and the comprehensive training group. A qualified
assessor conducted assessments and administered the Sign-
signification relations (S-S) test. The assessors were blinded to the
group assignments. Children were evaluated at baseline and 4 weeks
randomization  (that is, after the

after immediately

4-week intervention).

2.2 Participants

Overall, 220 children with language delay who visited the
Department of rehabilitation medicine or pediatric outpatient clinic
of the First People’s Hospital of Foshan between January 2019 and
December 2021 were included. According to the random number
produced by Statistical Product and Service Solutions for Windows
(release 22.0, SPSS), the children were divided into four groups in a
1:1:1:1 ratio.

2.3 Inclusion and exclusion criteria

The inclusion criteria comprised the following: (1) Children
diagnosed with “language disorder” by the Diagnostic and Statistical
Manual of Mental Disorders (5th Edition) (DSM-V) (16). (2)
Determined as “language delay” by using the S-S test. (3) Age
2-6years. (4) The visual, auditory, and pronunciation functions were
normal. (5) Right-handed. (6) The guardians of the children signed
the informed consent.

The exclusion criteria comprised the following: (1) Children with
language delay caused by neurological diseases such as cerebral palsy,
traumatic brain injury, and meningoencephalitis. (2) Children with
speech disorders caused by mental and organic diseases such as
autism, cleft lip and palate, hearing impairments, oral motor
dysfunction, attention deficit hyperactivity disorder, familial language
development delay, acquired aphasia due to epilepsy, specific language
impairment, or mild deprivation of language environment (17). (3)
Children with language barriers such as stuttering and cluttering. (4)
Presence of contraindications of tDCS. (5) Children who cannot eat
orally, such as those requiring a nasal feeding tube or gastrostomy. (6)
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Children with serious illnesses who cannot complete the trial. (7) The
parent or guardian of the child is a professional in rehabilitation or
child growth and development.

2.4 Interventions

The family guidance group received home training alone, the
tDCS group received home training + tDCS treatment, the language-
cognitive training group received home training + language-cognitive
training, and the comprehensive training group received home
training + language-cognitive training + tDCS treatment.

2.4.1 Home training

The home training was set by the therapist providing oral
guidance to the child’s guardians on how to train at home, with the
guidance referring to the language-cognitive training content (see
below) based on the result of the S-S test (18). Home training was
performed 30 min per day, and 5 days per week, for 4 weeks. To ensure
the consistency of home training, the child’s guardians were asked to
complete a record form, noting the duration, content, and the child’s
response for each training session. Regular feedback and discussion
with the therapist were required, and the record form was handed over
to the researcher at the end of the study.

2.4.2 tDCS treatment

A Ruihai IS200 transcranial direct current stimulation instrument
with an electrode size of 5x 7 cm was used. The anode stimulated the
temporal lobe centered on the left Wernicke’s area, and the cathode
was placed on the right scapula (19). The current intensity was 1 mA,
and the current density was 0.029 mA/cm’. The tDCS treatment was
given for twenty minutes each time, once a day, five times a week, for
a total of four weeks.

Left Wernicke’s area was located as follows (19): Measure the head
with a tape from the inion to the nasion, and note the middle of this
distance. Then, measure the distance from the left preauricular point
to the right preauricular point, and mark the crosspoint of the two
measurements. Measure 30% of the distance between the preauricular
points from the crosspoint down the left hemisphere and mark it.
Measure 10% of the distance between the inion and the nasion from
the marked point to the back of the head. This point is the Wernicke’s
area location.

2.4.3 Language-cognitive training

The language-cognitive training included one-on-one language
training, cognitive training, and social interaction training. The training
was provided 30 min per day and 5 days per week for 4 weeks. Both the
content of home training and language-cognitive training were
formulated by the speech therapist according to the child’s language
development stage after the first S-S assessment. The language-cognitive
training was conducted one-on-one by the speech therapist, whereas
the home training involves the introduction provided by the therapist
to the child’s guardians on how to train the child at home, with the
guidance content referring to the language-cognitive training content.
The training principle is to carry out horizontal expansion within the
same stage whereas vertically advancing to the next stage (20). For
example, during the training process, for children who have a good
understanding of the names of things, therapists expand the vocabulary
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within the noun level then expand horizontally to verbs and adjectives,
and then vertically advance to the next stage, phrase training.

(1) Training of gestural symbols: Gestural symbols use hand
gestures as indicative symbols with certain meanings,
expressing intentions and communicating non-verbally to
others through these gestures. Compared with verbal symbols,
especially adult language, gestural symbols have a more direct,
vivid, and comprehensible relationship with objects they refer
to, such as clapping hands together and placing them on one
side of the face to indicate “sleeping” Gestural symbols are
easier for children to understand, master, and operate. They are
suitable for training children who have not yet mastered the
understanding and expression of verbal symbols, as well as
children who can understand verbal symbols but are unable to
express them.

(2) Expansion of verbal symbols—vocabulary training: This stage
of training is crucial in language development delay. The
expression of verbal symbols (verbal expression) is based on
the premise of sound symbols (verbal understanding) at this
stage. The biggest difference between this stage and the gestural
symbol stage is that the gestural symbol stage helps children
understand the names of things through actions whereas this
stage trains the child to respond appropriately with only sound
symbols. The acquisition of the relationship between symbolic
forms and indicated content at this stage can be carried out
through a gradual progression from body language symbols to
child language, and then to adult language.

(3) Phrase training: For training words, the symbolic forms
composed of several words are called phrases. This stage is
suitable for children who can understand the elements that
make up phrases, such as names of things, verbs, and adjectives.
The training content starts from the corresponding two-word
phrases, three-word phrases, the construction of language
forms, the formation of concepts, and picture selection that
combines with the language form at the sentence level
(indicated content) for comprehension training and promoting
the expression of verbal and written symbols.

(4) Grammar training: That is, training the rules of forming
sentences from words. For children to master language and
communicate verbally, they must also master the grammatical
system. Based on the ability to understand and express simple
sentences, children were trained to learn complex sentences
(reversible sentences, passive sentences).

2.4.4 Comprehensive training

The children in the comprehensive training group received three
treatments: language-cognitive training, tDCS, and home training.
Each treatment was given once a day and five times a week for
four weeks.

2.5 Evaluation
2.5.1 Language and cognitive function

The language and cognitive function of each child before and
after training were evaluated using the S-S test (21), which was
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developed by the National Rehabilitation Center in Japan. The
Language Therapy Department of the China Rehabilitation Research
Center (CRRC) revised it according to the language development
patterns of Chinese children and the Chinese language system,
creating the CRRC version of the S-S test. It included four parts:
language comprehension, language expression, basic learning ability,
and attitude of communication. Language comprehension ability
typically refers to “listening comprehension” Language expression
ability pertains to the use of linguistic symbols, often referring to
“what to say” Basic learning ability involves visual and auditory
discrimination, memory, and reproduction skills. Communication
attitude
daily communication.

refers to the willingness and engagement in

This is currently one of the most commonly used testing tools in
the diagnosis and rehabilitation evaluation of language disorders in
China, suitable for children aged 1.5 to 6.5 years old (22). It divides the
level of language development into five phases, with further
subdivisions within each stage (as shown in Table 1). Comparing the
evaluation results with the age level of healthy children can intuitively
identify children with language delay and the gap between the
expected age level and their actual age. If the results are below the
expected age level, the corresponding items can be identified as
abnormal. Moreover, it can guide the goals and content of children’s
language training based on the assessment results.

The examination order and content of the S-S test are as follows:
The examination of basic learning ability includes items such as
throwing a small ball, delayed response, shape discrimination, block
building, tracing lines, imitation, and auditory memory span. The
examination of the relationship between symbols and indicated

TABLE 1 Phases and content meanings of S-S test.

Content

10.3389/fneur.2024.1412959

content, assessing language comprehension and language expression
levels, includes functional operations, matching and selection, gestural
symbols and verbal symbols, two-word and three-word sentences, and
checks on word order and passive voice sentence structures. The
examination of daily life communication attitudes includes attention
to others’ actions, eye contact, response to others’ instructions,
greetings, reactions to being greeted, expressing intentions to others,
expression of emotional fluctuations, question-and-answer
relationships, and characteristic speech.

The scoring of the S-S test is based on the child’s performance in
the aforementioned examination items. Each stage and level has
specific content to be assessed, and the evaluator determines the

developmental stage of the child based on their responses and abilities.

2.5.2 Comprehensive score
In order to comprehensively evaluate the level of each child’s
language ability, we refer to the KSAOs (knowledge, skills, abilities
and other characteristics) (23), which is a common model
application principle used to evaluate a person’s overall ability, and
then obtain the following calculation formula. By converting these
scores into a spider web diagram, the larger the area enclosed by the
spider web, the higher the overall ability is indicated. The score of
each of the four parts of the S-S test was normalized with the
formula: Y=(X-Xmin) / (Xmax-Xmin). After normalization, a
score was calculated with the formula:
score=(a*b+b*c+c*d+d*a)/2, in which
normalized language comprehension score = a, normalized language

comprehensive
Comprehensive

expression score =b, normalized basic learning ability score=c, and
normalized attitude of communication score=d.

Corresponding

age (year)

One: Pre-linguistic

the mouth as well.

Struggling to understand situations and events, capable of noticing things and the
stage actions or sounds of others, and able to actively respond to external stimuli (such as
movements); however, unable to comprehend specific things. For example, unable

to differentiate between food and non-food items, and placing non-food items into

1: Difficulty in understanding
things

Two: Basic concepts of

things

Can understand the interrelationships of things that appear or exist in daily life, for
example: when the father takes out a cigarette, the child with special needs hands

over a match, but has difficulty in understanding and using symbols.

2-1: Functional operations

2-2: Matching items

2-3: Selecting items

Three: The symbols of
things

selecting a telephone toy based on sound.

Can distinguish between symbols and the items they represent (establishing the
correspondence between symbols and objects), and can comprehend the meaning
of symbols, such as gestures, baby talk, onomatopoeia, and mimetic words. For

example: performing the action of putting the telephone receiver to the ear, or

3-1: Gestural symbols (related
symbols)

3-2: Verbal symbols: Infant 1.5~
language (related symbols)/
Adult language (arbitrary

grammatical rules

person watches an interesting TV program.”

symbols)
Four: Phrase, main Can understand phrases made up of words in a child language manner, at this time | 4-1: Two-word phrase 2~
sentence constituents it is necessary to observe the child’s understanding of Chinese phrases from a 4-2: Three-word sentence 2.5~
developmental perspective. For example: he can understand “telephone;,” “girl,” “dog
watching person,” but cannot say them.
Five: Lexical phrase, Can understand at the same level as an adult. Phrases (sentences) are formed 5-1: Word order 3.5~

according to grammatical rules, and can understand both simple and complex

sentences. For example: “A person is watching TV, “After finishing their meal, a

5-2: Passive voice
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2.5.3 Efficacy classification

The results of the S-S test should be compared with the actual age
of the child; a result lower than the actual age indicates an abnormal
status (21). Here, based on whether post-treatment S-S scores match
children’s actual age, the efficacy of treatment was classified into four
groups: no effect, mild effect, moderate effect, and remarkable effect
(20): A score on the S-S test that was in line with the child’s actual age
was considered “remarkable effect”; an increase in the S-S test score of
more than one phase was considered “moderate effect”; an increase in
the S-S method score that did not reach one phase was considered “mild
effect”; and no improvement or a decrease in the S-S method score was
considered “no effect” The total effective rate was calculated as the sum
of the remarkable effect rate, moderate effect rate, and mild rate.

2.5.4 Adverse reactions

We observed whether the children in each group had adverse
reactions such as epilepsy, headache, and abnormal behavior during
training and treatment.

2.6 Statistical methods

SPSS (version 22.0) was used for statistical processing of data.
One-way analysis of variance was used to compare measurement data
between the groups, the paired t-test was used for comparison before
and after treatment, and the Kruskal-Wallis H test was used to compare
ranked data between the groups as the results of the S-S test were
ordinal data. The chi-square test was conducted for the comparisons of
age and therapeutic efficacy across the four groups. The statistical
significance level was set at p <0.05, and a two-tailed test was used.

3 Results

Fifty-five children were assigned to each group. After assignment,
in the family guidance group, 4 patients did not meet the inclusion
criteria after the S-S test, and 4 could not complete the treatment
course; 47 cases were finally included, including 24 males and 23
females, aged 2.2 ~5.8 (3.55+0.88) years old. In the tDCS group, 3
cases did not meet the inclusion criteria after the S-S test, 6 could not
persist in completing the treatment course, and 46 cases were finally
included, including 22 males and 24 females, aged 2.5~5.2
(3.67+0.58) years old. In the language-cognitive training group, 3
patients did not meet the inclusion criteria after evaluation, and 3
could not complete the treatment course; 49 cases were finally
included, including 25 males and 24 females, aged 2.5~5.3
(3.56 £0.82) years old. In the comprehensive training group, 4 patients
did not meet the inclusion criteria after being evaluated by the S-S test,

TABLE 2 Baseline participant characteristics.

10.3389/fneur.2024.1412959

and 3 patients could not complete the treatment course; 48 cases were
finally included, including 23 males and 25 females, aged 2.2~5.9
(3.88+0.87) years old. There were no significant differences in age or
sex among the four groups (p>0.05) (Table 2; Figure 1).

3.1 Language and cognitive ability

There was no statistically significant difference in language
comprehension, language expression, basic learning ability, and
attitude of communication scores among the four groups before
training (p>0.05). The language-cognitive training group and
comprehensive training group were significantly higher than the
family guidance group and tDCS group in the language comprehension
ability and basic learning ability of the S-S test (p <0.05). Except for
the changes in the basic learning ability of the family guidance group,
all four parts of the S-S test exhibited significant improvements
(p>0.05) in each of the four groups (Table 3; Figure 2).

3.2 Comprehensive score

There were no significant differences in the pre-intervention
comprehensive scores of the four groups (p > 0.05). After training, the
comprehensive scores of all the four groups increased, and the
comprehensive score of the comprehensive training group was the
greatest, followed by tDCS group, language-cognitive training group,
and family guidance group (the score decreased in this order). Further,
this difference was statistically significant (p <0.05) (see Table 4).

3.3 Efficacy

The total effective rate of the comprehensive training group was
higher than those of the other three groups, and the difference was
statistically significant (p <0.05). The total effective rate of the tDCS
and language-cognitive training groups was higher than that of the
family guidance group (p <0.05). There was no statistically significant
difference between tDCS and language-cognitive training group
(p>0.05) (see Table 5; Figure 3).

3.4 Safety

In this trial, no severe adverse reactions, such as epilepsy,
headaches, or abnormal behavior were reported, and no skin burning,
redness, or swelling was observed. Skin flushing occurred at the
electrode application site after tDCS treatment and subsided after a

Group Case Male Female Age (y) Mean + SD (y)
Family guidance 47 24 23 2.2-5.8 3.55+0.88
tDCS 46 22 24 2.5-5.2 3.67+0.58
Language-cognitive training 49 25 24 2.5-53 3.56+0.82
Comprehensive training 48 23 25 2.2-5.9 3.88+0.87

tDCS, transcranial direct current stimulation.
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Children with language
retardation (n=220)
S-S test
(pre-intervention)
Family guidance TDCS Language cognitive Comprehensive
group (n=55) group (n=55) group ( n=55) group (n=55)
4 didnot meet 3 didnot meet 3 didnot meet 4 didnot meet
the inclusion the inclusion the inclusion the inclusion
critena critena critena critena
4 didnot 6 didnot 3 didnot B 3 didnot follow
follow through follow through follow through through on the
on the course on the course on the course course
\ \ \ 4 \
TDCS Language cognitive Comprehensive
Family guidance group (n=46) : group (n=49) : group (n=48) : home
group (n=47) home home training+language
: home training training+tDCS training+language cognitive training+tDCS
treatment cognitive training treatment
S-S test
(post-intervention)
Analysis
FIGURE 1
Study flow diagram.

few minutes. Five children (three in the comprehensive group and two
in the tDCS group) reported discomfort at the beginning of the tDCS
treatment, which resolved spontaneously after a few seconds.

4 Discussion

Firstly, this study found that simple family guidance alone could
improve the functionality of children with language delay. Secondly,
the study discovered that tDCS, or tDCS in combination with other
therapies, could enhance the functionality of children with language
delay. Thirdly, the study found that a brief period of rehabilitation
intervention (4 weeks) could improve the functionality of children
with language delay, which is shorter than the previously reported
duration of 6 weeks to 3 months (24-26). These are novel findings not
reported in prior research. Communication attitude significantly
improved after home training, language-cognitive training, tDCS, and
comprehensive training. Comprehensive training was more effective,
and comprehension ability, communication attitude, comprehensive
score, and total effective rate were significantly higher than those of
the other three groups.

Early childhood is a critical period of language development.
Language delay not only seriously affects childrens language
comprehension and speech expression ability, but also affects

Frontiers in Neurology 06

children’s social adaptability and increases the incidence of
psychological and behavioral problems, such as attention deficit and
learning difficulties (27, 28), which can lead to deficits in cognitive
abilities, including attention, executive abilities, memory, and so on
(29). In clinical practice, children with language delay often experience
problems such as attention deficits, memory impairment, and
executive ability deficits. Cognitive abilities also play an important role
in improving language skills, helping children establish appropriate
communicative and social behaviors, and acquiring more information
about the world through language (30). This study compared the
intervention effects of home training, tDCS, language-cognitive
training, and comprehensive training groups on children with
language delay to investigate how cognitive abilities in language can
be improved more effectively.

Studies have shown that early intervention and structured family
activity programs positively impact brain development in children
with global developmental delays, emphasizing the important role of
parental involvement (31, 32). An increasing number of studies are
advocating for the implementation of interventions for children with
developmental delays in natural settings, with families being the
natural setting to which children are exposed the most (33, 34). After
the family guidance group receives home rehabilitation guidance,
parents can conduct the treatment more suitably, and children can
receive various rehabilitation training programs in a warm and
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familiar family environment, which can minimize their resistance to
c
@ O EFEEE % % rehabilitation training. Furthermore, home training under guidance
- [aa} = (=3 (=
g g 3|3 S = - may be conducive to creating a friendly environment for children and
+l +l + +l n S
';: g 218 2 I promoting their language development. Our results showed that
2 t B - children’s communication attitudes in the family guidance group
.g improved after treatment, which was consistent with the findings of
3 the previous studies. When there is good interaction between
§ 5 ol w - caregivers and children, the children’s cognitive, social, and emotional
E g 228 2 S qls development improves (35, 36).
+ + + +
8 IS = Cognitive/language training is a commonly used clinical
(] — — — —_
£ intervention for language delay. The training provides early language
and cognitive stimulation for children to improve the function of the
brain’s language and cognitive centers (37, 38). Language-cognitive
= training mainly stimulates sensory organs through listening, speaking,
S NI . g y Yy org; g & Sp g
. © N § § o = watching, reading, etc. It activates the language and cognitive function
v . . . L .
= > 5;' § & g S| g in the brain, helps functional reorganization of brain networks,
Qo i : b d . s ies
© -g Tl o promotes the development of childrens language and cognitive
g » function, and improves their adaptability and communication attitude
% (11). Consistent with the previous studies (39), in this study the
9 g comprehensive scores, operational items, and communication
= =R R 2 ttitudes of the ] itive traini i d d
@ 2SS < 2 s attitudes of the language-cognitive training group improved compare
o > MEIRY ¢ |23 with those before treatment, indicating that language-cognitive
% el - training has a positive effect on language delay and promotes language
= development in children in terms of cognitive and social development.
However, the effect of language-cognitive training cannot be achieved
= in a short time in the previous studies (26, 39), leading to participation
- = - & w | - in long-term training in clinical practice, which can easily fail.
) g E Z T E < § Therefore, it is urgent to find a more efficient method.
= b b =
) O EEEEE 3 tDCS is a promising non-invasive brain stimulation tool that can
= c
o = potentially improve brain function in adults and pediatric populations
$ in cerebral palsy, epilepsy, autism spectrum disorders, childhood
or s developmental disorders, attention-deficit/hyperactivity disorder
o = ] 2 N ol w (ADHD), and other pediatric diseases (40). In this study, the tDCS
c EE=R= S
7 B 9 B #8 f anode was placed on the left temporal lobe of the child to stimulate
S =
H g - = 2 = the Wernicke’s area, which is an important channel for language
2 = comprehension, so that the subsequent components of the language
=]
o P chain (e.g., language expression) also improve accordingly. In
o
5 c g addition, Lefaucheur et al. (41) reported that tDCS stimulation is not
S N 2 E i i i
v S = *f[‘\o § ZLO % e 5 highly localized and may produce nonspecific effects (such as
i 2 O T H 58 = attention and memory retrieval). Studies have also found that tDCS
] ¥ o ® n oS8 . . K
g 2 E\ el 2 5 5 can modulate perfusion of the cortex and regulate brain metabolism,
[ 5 S : : ;
: = E g thereby optimizing brain function (42, 43), which supports the
- £ = findings of this study. In the tDCS group, communication attitude
2 £
o 8 = g significantly improved compared with that before treatment. However,
< B 2 RN o g it was not different from the language-cognitive training group
£ C Il 3 gz Z e .
@ 3, o BN " " Q24 (p>0.05), indicating that tDCS can improve outcomes of
SRRl 2 2 3 g S < g
c W O IR o z language delay.
S = % The results of this study showed that the language comprehension,
=
S oy language expression, basic learning ability, and attitude of
=]
§ g communication of the comprehensive training group improved
£ S % 2 & : compared with those before treatment. Also, the language
= < . : s o
= 3 comprehension and attitude of comprehension and communication
g g were higher than those of the other three groups, indicating that tDCS
5 3
s 3 A i combined with language-cognitive training positively improves the
) S| 5 . C . . .
o 5 s 2 "g comprehension and communication attitude of children with
a = [T . ies -
M 5‘3 4 £ ow 3 language delay and is better than only language-cognitive training or
. 2 &8 £ 3
; T 8 2 5% E 5 g tDCS treatment. Lu et al. found that combining tDCS and working
< £128 8 8 0 & m A S - T s : )
F ¥ memory training enhanced individual cognitive function effectively
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learning ability. (D) Communication attitude. *Compared with the family guidance group, p <0.05. #Compared with the tDCS group, p < 0.05. tDCS,
transcranial direct current stimulation.

1. Family guidance group
2. TDCS group
3. Language-cognitive training group
4. Comprehensive training group

TABLE 4 Pre- and post-intervention changes in the comprehensive scores in the four groups (y + S).

(€17e]0] o} Case Pre-intervention Post-intervention t P
Family guidance 47 48.02+7.19 53.26+8.16 3.303 0.001
tDCS 46 48.12+6.86 60.02+7.84* 7.831 0.000
Language-cognitive training 49 47.98+7.25 56.36+6.98% 5.709 0.000
Comprehensive training 48 48.11+7.32 64.15+7.88¢ 10.224 0.000
F 0.005 28.700

P 0.995 0.000

*Compared with the family guidance group, p<0.05. "Compared with the tDCS group, p <0.05. ‘Compared with the language-cognitive training group, p <0.05. tDCS, transcranial direct

current stimulation.

TABLE 5 Effects of the four groups.

Case Remarkable effect Moderate effect Mild effect No effect Total effective
(%) (VA (%) (%) rate (%)

Family guidance 47 0 (0.00) 2 (4.26) 12 (25.53) 33 (46.81) 14 (29.79)
tDCS 46 2 (4.35) 7 (15.22) 20 (43.48) 17 (36.96) 29 (63.04)
Language-cognitive

e 49 1(2.04) 9(18.37) 17 (34.69) 22 (44.90) 27 (55.10)
trammg
Comprehensive training 48 5(10.42) 10 (20.83) 29 (60.42) 4(8.33) 44 (91.67)
e 38.599
P 0.000

tDCS, transcranial direct current stimulation.

(44). Similarly, in this study, tDCS treatment was administered

together with conventional language training. The results support that

such comprehensive treatment can superimpose the effects of

language-cognitive training and tDCS training and thus can make

greater progress for children with language delay.
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Research indicates that 3 to 5years old is the optimal age for

treating children’s language disorders, and treatment at this stage can

significantly reduce the long-term and short-term impacts caused by

language disabilities (45, 46). Considering that some children’

language development delays may resolve on their own as they grow
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Effects of the four groups. tDCS, transcranial direct current stimulation.

older, we established a family guidance group to eliminate the effects
of growth. We did not find a superior effect of tDCS in comparison
with routine language training and comprehensive training on
promoting expressive abilities. This may stem from the S-S method
used in this study. The S-S test assesses children’s language development
stages by examining significant progress in children’s language
development at each stage level to present graded results, which is
different from some previous studies (47, 48) that use quantitative
assessments of vocabulary understanding and expression and can
detect minor improvements more sensitively. The scope and quantity
of vocabulary are greatly influenced by factors such as environment,
culture, and the level of education of parents, and there are significant
differences in the environment, culture, and education levels across
various regions of our country. Therefore, there is currently no similar
vocabulary scale in China, and thus this study did not use such
examination methods. Additionally, we think it may also be related to
the intensity and duration of treatment; increasing the duration of the
treatment course and follow-up time may reveal differences in the
therapeutic effects between various treatment methods.

Previous studies have reported that some children may experience
skin itching with tDCS treatment (49). However, this abnormal skin
sensation disappears soon after the stimulation is over and does not
cause adverse effects to the participants, and this study was consistent
with previous studies in this regard. Five children experienced
discomfort at the beginning of tDCS treatment, which resolved
spontaneously after a few seconds. Therefore, tDCS is a convenient,
easy-to-operate, safe, and effective treatment method.

This study had some limitations. The study did not set up a tDCS
sham stimulation group, and there was no enough evidence regarding
how tDCS interacts with the developing brain and the optimal
parameters for pediatric patients. There was no blank control group.
For each enrolled child, we gave home guidance based on the
evaluation results, and so home training acted as a baseline, that is,
this group acted as a control group, and the other three groups were
supplemented with other treatments. These preliminary findings can
be verified after subsequent studies. Therefore, data from larger
samples and a longer follow-up time are needed.

Frontiers in Neurology 09

In summary, the combination of tDCS, language-cognitive
training, and home training holds great potential on the treatment
of children with language delay, which can accelerate the recovery
of language and cognitive function and significantly improve
communication attitude and basic learning ability. By harnessing
the brain’s plasticity and providing targeted cognitive stimulation,
this intervention can facilitate effective language learning and
contribute to the overall development and well-being of
these children.
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