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Abstract

Background: Children with autism spectrum disorder (ASD) are almost universally delayed in the acquisition of
spoken language as primary means of communication so they tend to have restricted outcomes in terms of
independence and integration. Transcranial magnetic stimulation (TMS) is a promising, emerging tool for the study
(study and modulate excitability and plasticity, applied in single pulses to investigate corticospinal excitability, pairs
of pulses to study intracortical inhibition and facilitation) and potential treatment of ASD. The purpose of this study
is to evaluate the role of repetitive TMS in language progress in children with ASD.

Results: There was a statistically significant clinical improvement in patients receiving active TMS (group I)
comparing baseline Childhood Autism Rating Scale (CARS) assessment and after treatment (P ≤ 0.05). There was
mild improvement with no significant difference between the patients receiving active TMS (group I) and those of
sham TMS (group II), and both groups received language therapy as regard post-treatment CARS. There was
significant difference in improvement between the two groups according to eye contact (P ≤ 0.05). There was
significant improvement in response to examiner (P ≤ 0.05). There was mild improvement with no statistically
significant difference in attention between the two groups. There was significant difference in improvement
between the two groups according to active expressive language. There was no statistically significant difference in
passive vocabulary between the two groups.

Conclusion: Repetitive transcranial magnetic stimulation (rTMS) over left inferior frontal gyrus may be a safe and
effective way of improving language of ASD. The joint application of rTMS and standard language therapy may
lead to more rapid improvement in the language progress of children with ASD.
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Background
Autism spectrum disorder (ASD) is a neurodevelopmen-
tal condition. Core ASD signs include social contact im-
pairments and limited and repeated habits and actions
starting in the early developmental period [1]. Most pa-
tients with ASD are given psychotropic drugs some-
where in their lives [2].

ASD evaluation is focused on findings and behavioral
evaluations using psychiatric disorder Diagnostic and
Statistical Manual (DSM) or International Disease Clas-
sification (ICD) guidelines. The brain networks respon-
sible for high-level abilities that are compromised as part
of core ASD features are complicated, needing several
brain regions to be incorporated effectively. Thus, ASD
pathophysiology is definitely a failure of long-range
neuronal circuit functioning and integration [3]. ASD
language skills can vary from nonverbal to strongly idio-
syncratic language with echolalia. Therefore, any effort

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

* Correspondence: mohameddarwish@hotmail.com
1Phoniatrics Department, Faculty of Medicine, Tanta University, Tanta,
El-Gharbia, Egypt
Full list of author information is available at the end of the article

The Egyptian Journal
of Otolaryngology

Darwish et al. The Egyptian Journal of Otolaryngology           (2021) 37:59 
https://doi.org/10.1186/s43163-021-00116-7

http://crossmark.crossref.org/dialog/?doi=10.1186/s43163-021-00116-7&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:mohameddarwish@hotmail.com


to induce speech in preverbal children with ASD for so-
cial interactions and later life is important [4].
Transcranial magnetic stimulation (TMS) is a non-

invasive focal brain stimulation system where localized
intracranial electrical currents, strong enough to
depolarize a limited neuron population, are produced by
rapidly shifting magnetic fields [5]. TMS may be a novel
rehabilitation tool for ASD [6]. TMS may be applied in
single pulses, pulses, or repeated pulses (rTMS). TMS is
safe and well-tolerated [7].
This research aimed to assess the role of repeated

TMS in language progress in ASD children.

Methods
This randomized control clinical study was carried out
on thirty autistic patients (20 males and 10 females);
their ages ranged between 3 and 10 years, as this is the
age of language production; after this age, no improve-
ment in language is achieved. These cases presented to
the outpatient clinic of the Phoniatric Unit and affiliated
hospitals during the period from October 2018 to Octo-
ber 2019 after obtaining permission from institutional
ethical committee, and an informed consent was taken
from parents of all patients.
The exclusion criteria included the following: age

above 10 years and below 3 years; other diseases affect-
ing language development as hearing impairment and
brain damaged motor handicapped (BDMH); any contra-
indications to TMS such as epilepsy, history of neuro-
surgical operations, those with metal material as
pacemakers and plates, as in cochlear implant, receive
tranquilizers, who refused to be enrolled in the study,
and under other lines of treatment.
Patients were randomly classified with computer-

generated random numbers and sealed opaque envelops
into two equal groups (15 patients): group I was sub-
jected to rTMS and language therapy, and group II was
subjected to sham TMS and language therapy. All pa-
tients were subjected to the following: (I) elementary
diagnostic procedures: (A) parents’ interview and full
careful history taking including personal history; com-
plaint and analysis of the symptoms; prenatal, natal, and
postnatal history; developmental history; history of
present illness: core features of ASD, past history, and
family history of similar condition. (B) General examin-
ation. (C) Vocal tract examination. (D) Ear and nose
examination. (E) Neurological examination, to exclude
any neurological deficits. (II) Clinical diagnostic aids: (A)
psychometry: Childhood Autism Rating Scale (CARS)
[8] was done before and after treatment; as regards men-
tality, we do not make IO tests for autistic children as it
is masked by their hyperactivity and stereotype repetitive
movements. (B) Audiological evaluation: using pure tone
audiometry and confirmatory evoked response

audiometry, if needed. (C) Language evaluation: using
Arabic language test [9] including assessment of eye
contact, response to examiner and obey simple order, at-
tention evaluation, and passive and active language as-
sessment before and after treatment. (III) TMS protocol:
patients received real TMS or sham stimulation at the
Psychiatry and Neurology Center, Tanta University Hos-
pital (TUH). The rTMS is administered weekly for 4
weeks over the left inferior frontal cortex (IFC). TMS is
administered at low frequency of 1.0 Hz and 70% of the
motor threshold (MT), total of 1800 pulses per day ses-
sion with 20 trains with 90 pulses each. There will be
20-s intervals between the trains. The duration of each
session is 40 min. Trial stimulation is administered
exactly according to the international 10-20 EEG elec-
trode position stimulation.

Stimulation site
Broca’s region in the left inferior frontal gyrus (LIFG)
represented as F5 in the 10–20 system of EEG electrode
positioning

Calculation of the motor threshold (MT) of each patient
MT is established for each hemisphere of all participants
with autism by growing the stimulator performance by 5%
before the first dorsal interosseous twitch is noticeable.
Sham stimulation was provided at the same position,

power, and frequency with the coil angled 45° from the
skull which produced intracerebral voltage around 1/3
of active TMS stimulation.

Language therapy sessions
It was done for groups I and II; each patient received
three sessions per week. The session was divided in two
phases: a practice phase and an activity phase as follows:
(1) practice phase, estimated time (15–20 min). Put three
cards of different semantic groups on the table (e.g., cat,
banana, and ball) then ask the child in clear voice to give
one card at a time to make sure that the child knows them.
(2) Activity phase, estimated time (20 min). Highly motiv-
ating activities were used, e.g., crushing cars, pretend cook-
ing, and building blocks. The aim was to help children to
like the playful movements and expression produced by
the clinician. Language therapy continued for 3 months.

Statistical analysis
Data was obtained, coded, tabulated, and entered into
Social Sciences Statistical Package (IBM SPSS) version
21. Data normality was first tested with Shapiro-Wilk
test. There are two forms of statistical analysis: (1) quan-
titative data: mean and standard deviation for parametric
data. Median, minimum, and maximum were calculated
for non-parametric data. (2) Qualitative data were repre-
sented using frequency and ratio. Data comparison of
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two matched groups (pre and post) was performed using
Wilcoxon quantitative data test and chi-squared qualita-
tive data test. P <0.05 was deemed important.

Results
As regards demographic data (age and gender), there
were insignificant differences between the two groups
(Table 1).
There is no significant difference between the two

groups as regards baseline psychometric assessment be-
fore starting TMS sessions by CARS scale. As regard
post-treatment, CARS shows that there was mild im-
provement with no significant difference between the
two groups. There is statistically significant clinical im-
provement in group I comparing baseline CARS assess-
ment and after treatment for the same group (Table 2, P
≤ 0.05*).
There is no significant difference between the two

groups as regard baseline clinical evaluation according
to eye contact, response to examiner, obeying simple or-
ders, and attention. Post-treatment clinical evaluation
showed significant improvement between the two
groups according to eye contact (P ≤ 0.05*). In group I,
patients with poor eye contact were 6.6%, while in group
II were 46.7%. According to good eye contact, better re-
sults were achieved in group I (33.3%) than in group II
(13.3%). There is significant improvement in response to
examiner (P ≤ 0.05*) as 60% of group II had no response
in comparison with 13% in group I, while 33.3% of group
I had good response versus 6.7% in group II. According
to attention, there was mild improvement with no statis-
tically significant difference between the two groups. As
regard obey simple order parameter, there was no
change between the two groups (Figs. 1 and 2).
There was no significant difference between the two

groups as regard baseline language evaluation according
to passive vocabulary and active vocabulary (expressive
language). After treatment language evaluation, there is
significant difference in improvement between the two
groups according to active expressive language as

nonverbal patients in group II were 53.3%, while in
group I were 6.7%. Patients who could utter one single
word in group I were 6.7% while in group II were 13.3%.
Patients who could utter 2–5 single words were equal in
both groups 13.3%. There was significant difference be-
tween the two groups as regard patients who uttered 6–
10 words, as in group I there were 46.7%, while in group
II there were 6.7%. As regard patients who uttered more
than 10 words, there were 26.7% in group I while 13.3%
in group II. According to the passive vocabulary, there
was mild improvement but with no statistically signifi-
cant difference between the two groups (Tables 3 and 4)

Discussion
TMS is a successful, new method for researching and
handling ASD. Recent studies indicate that TMS mea-
surements include rapid, non-invasive markers of ASD
pathophysiology. Moreover, repeated TMS (rTMS) could
be an innovative therapeutic technique to reduce any of
the central and related ASD symptoms [3].
In our research, we used rTMS on Broca’s LIFG region

to strengthen language and speech disabilities in ASD, as
this area is classically called a motor speech-producing
area and involved in learning and imitating behavior. It
also appears to support sequencing behavior. Broca’s
area may have developed for inter-individual contact
through movements and voice. Speech development and
interpretation can be called a highly evolved method of
action execution/observation matching, and this is one
of the broad range of functions served by Broca’s area,
in line with Nishitani et al. [10]. Like Fecteau et al. [11]
who used identical, standard TMS procedure in a sham-
controlled study in 10 adults with Asperger Syndrome
(ASP) and 10 safe participants. They selected Broca’s
area then subdivided it into opercular pars and triangu-
lar pars; however, we stimulated Broca’s area as a whole
in our study [11]. Marangolo [12] opted for the same re-
gion except for the care of patients with chronic aphasia,
and the findings ensured that the treatment enhanced
informative expression in people with chronic aphasia
[12]. In comparison to our research, Yang et al. [13] and
Assadi [14] stimulated the left lower parietal lobule (left-
IPL), which is closely linked to other cortical regions by
white matter tracts like the upper longitudinal fascicle,
which plays an important role in the processing of
affective faces, as well as the arcuate fasciculus, which is
very important for the visuospatial and language. Target-
ing the left-IPL region in this way provides the potential
of treating instability in the mirror neuron system as
well as language and affective processing impairments
[13, 14].
In our research, we used unilateral rTMS on the left

side of Broca when Fecteau et al. [11] used bilateral
rTMS, and their contrast between right and left showed

Table 1 Sociodemographic data for patients enrolled in the
study

Characteristics Group I
(n=15)

Group II
(n=15)

Sig. test P

Age (in years) t
−1.026

0.313

Mean± SD 5.13±1.89 5.92±2.33

Range 3.0–10.0 3.0–10.0

Gender χ2

0.600
0.946

Female 4 26.7% 6 40.0%

Male 11 73.3% 9 60.0%

χ2 chi-squared test, t independent sample t test, Sig. significant, n number,
% percentage
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that rTMS to left pars triangularis substantially en-
hanced ASP volunteer naming performance [11]. In
current study, rTMS was driven by an international 10-
20 EEG method that is more relevant, unlike Fecteau
et al. [11], by anatomical brain magnetic resonance im-
aging of each person, which is more effective in detect-
ing brain region [9]. One Hz was chosen as the
stimulation frequency and 70% strength of stimulatory
production as other related studies such as Fecteau et al.
[11], who reported that this form of stimulation holds
the stimulation power below MT as an extra protection
safeguard due to the increased risk of seizure in this
sample population [11]. George et al. [15] found another
ethical issue relevant to adding rTMS to a pediatric
brain that is still under construction. It is widely

understood that a child’s brain is not only a smaller ver-
sion of an adult brain, and clinical treatments such as
rTMS may have unique, unexpected, and possibly long-
lasting impact on neurodevelopment [15]. Unlike our
study, Yang et al. [13] and Assadi [14] used high fre-
quency rTMS and 80% strength of stimulatory produc-
tion, but in older age groups ranging from 17 years of
age [13, 14].
With respect to concentration and adherence to basic

commands, there is no substantial gap in relation be-
tween the two groups, and that was predicted since our
research did not target their particular brain regions.
While in other research including Gómez et al. [16] and
Abd alrahman et al. [17] who used CARS in evaluation.
Even Abd alrahman et al.’s [17] findings demonstrated a

Table 2 Comparison between baseline CARS assessment and after treatment

CARS Group I
(n=15)

Group II
(n=15)

χ2 P

N % N %

Baseline Non-autistic 0 0% 0 0% 1.222 0.269

Mild to moderate 10 66.7% 7 46.7%

Moderate to severe 5 33.3% 8 53.3%

After treatment Non-autistic 4 26.7% 2 13.3% 0.844 0.789

Mild to moderate 7 46.7% 8 53.3%

Moderate to severe 4 26.7% 5 33.3%

χ2 6.189 2.759

P 0.045* 0.252

χ2 chi-squared test, CARS Childhood Autism Rating Scale, n number, % percentage
*Significant, P ≤ 0.05

Fig. 1 Comparison between the two groups as regard baseline clinical evaluation
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substantial increase in the seriousness of clinical symp-
toms for ASD except for activity level and body reaction
and use [17]. Gómez et al.’s [16] findings also demon-
strated substantial decrease in repeated activity and less
significant change in social deficits. Both preferred
dorsolateral prefrontal cortex (DLPFC) stimulation for
behavior improvement [16].
Our research used the Arabic language test to assess

language learning as a whole. Thus, Assadi [14] used the
evaluation scale expressive vocabulary measure and the
Delis-Kaplan Executive Function Method (D-KEFS) Ver-
bal Fluency challenge (D-KEFS Verbal Fluency) and
tested expressive language only [14]. Regarding language
evaluation, there was a minor clinical increase in passive

language assessment with no statistical meaning as we
were not targeting the Wernicke region. However, active
expressive language in group I was substantially in-
creased, and this was predicted to provide better effect
relative to group II due to the selection of proper age,
brain region, and suitable stimulus level (P 0.05*). As re-
ported by Fecteau et al. [11], using rTMS to the left pars
triangularis significantly improved the naming output of
ASP volunteers [9]. Even Yang et al. [13] and Assadi [14]
have enhanced language abilities, while they used high
frequency rTMS targeting mirror neurons in the left
lower parietal lobule (left-IPL) with possibly improved
social responsiveness [13, 14]. Additionally, Marachev
and Grigorieva [18] demonstrated quicker dynamic

Fig. 2 After treatment clinical evaluation between the two groups

Table 3 Baseline language evaluation

Baseline language evaluation Group I
(n=15)

Group II
(n=15)

χ2 P

N % N %

Passive vocab Poor in all parameters 1 6.7% 5 33.3% 3.611 0.167

Know family members 2 13.3% 1 6.7%

Know 1–5/20 semantic components 5 33.3% 4 26.7%

Know 5–10/20 2 13.3% 2 13.3%

More than 10 5 33.3% 3 20.0%

Active vocab
Expressive language

Non-verbal 3 20.0% 8 53.3% 4.549 0.337

1 single word 4 26.7% 3 20.0%

2–5 4 26.7% 1 6.7%

5–10 2 13.3% 1 6.7%

More than 10 words 2 13.3% 2 13.3%

χ2 chi-squared test, n number, % percentage
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change in speech function, better focus, and behavioral
order, while utilizing high frequency rTMS over DLPFC
paired with normal speech therapy [18]. However, Fec-
teau et al. [11] noted a major deterioration in the name
efficiency of ASP volunteers when rTMS addressed left
pars orbicularis [11]. One of the limitations in this study
was the small sample size. Also, the study protocol was
4 sessions of TMS, and further studies are needed to in-
vestigate its long-term outcome in these patients, in
addition to choosing 10-20 EEG international system to
localize Broca’s area, and future studies should combine
brain stimulation with neuroimaging techniques to be
more accurate such as TMS-position emission tomog-
raphy and TMS-functional magnetic resonance imaging.

Conclusion
Repetitive TMS over left frontal gyrus can be a safe and
efficient way to enhance ASD vocabulary. Joint use of
rTMS and standard language therapy can contribute to
faster change in children’s language progress with ASD.
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