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Objective: Stuttering is a neurodevelopmental condition affecting 5% of children.
Developmental stuttering disrupts the smooth flow of speech, resulting in characteristic speech
disfluencies. Anxiety is one of the most widely observed and extensively studied psychological
concomitants of stuttering. Recently, it has been shown that noninvasive brain stimulation
may be useful in enhancing the results of fluency interventions in people who stutter. The
present study aimed to examine whether the severity of stuttering and anxiety was affected by
transcranial direct current stimulation in children who stutter.
Methods: This study is a clinical trial study in which the statistical community includes schoolaged children in Tehran who were referred to psychological clinics for treatment. Twentytwo children with stuttering were randomly assigned in two groups. Eleven children in the
experimental group would receive real transcranial direct current stimulation, and 11 children in
the control group were exposed to sham stimulation. The experimental group received 20 min
of 2-mA anodal stimulation in 15 sessions in three weeks. The severity of stuttering and anxiety
was assessed before and after the last session and then 1 and 6 weeks after the intervention.

Keywords:

Results: The severity of stuttering and anxiety in both groups were similar before the
intervention (P>0.05). A significant decrease in the severity of stuttering and anxiety at the end
of the intervention and 1 and 6 weeks after the intervention occurred in the experimental group
(P<0.05), while the control group did not show any significant change.

Transcranial Direct Current
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Anxiety

Conclusion: The results indicated that stuttering severity and anxiety were ameliorated by
transcranial direct current stimulation immediately after the intervention and at 1 and 6 weeks
follow-up.
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Highlights
● Anxiety may have negative impact on the severity of stuttering.
● Anxiety and stuttering can affect on adjustment of school-aged children who stutter.
● tDCS can ameliorated the anxiety and severity of stuttering.
● The effects of tDCS on anxiety and stuttering had remained for up to 6 weeks after treatment.

Plain Language Summary
Developmental stuttering has been associated with reduced educational opportunities, social anxiety and quality of
life. School-aged children who stutter have multiple problems because of the symptoms of this disorder. The results
of this study showed that tDCS can decrease the anxiety and severity of children who stutter. We recommended that
therapists use this method as an effective method.

D

1. Introduction

evelopmental stuttering is a neurodevelopmental condition disrupting
the smooth flow of speech, resulting
in characteristic speech disfluencies.
Developmental stuttering has been associated with reduced educational and employment opportunities (Klein & Hood , 2004), social anxiety (Iverach et al., 2009), and compromised quality of life (Craig,
Blumgart, & Tran, 2009). The fluency of speech is interrupted by moments of stuttering, which include repetitions and prolongation of speech sounds and ‘blocks’ during which speech sounds cannot be produced (Chesters,
Mottonen, & Watkins, Smith, Davis, & Howell, 2018).
Stuttering is accompanied by numerous negative
consequences across the lifespan, which may increase
vulnerability to social and psychological challenges
(Schneier, Wexler, & Liebowitz, 1997). These negative
consequences of stuttering result in the development of
anxiety (Blood & Blood, 2007). Empirical studies of
anxiety and stuttering have mostly supported a positive
relationship between them (Kraaimaat, Vanryckeghem,
& Van Dam-Baggen, 2002). In addition, a positive relationship between the severity of stuttering and the level
of anxiety has been reported (Caruso, Chodzko-Zajko,
Bidinger, & Sommers, 1994; Fitzgerald, Djurdjic, &
Maguin, 1992). Children who stutter may begin to show
impaired behavioral, emotional, and social development
as early as age 3, and these difficulties are established in
older children who stutter (McAlister, 2016).
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People Who Stutter (PWS) show subtle abnormalities in
the structure and function of the brain regions supporting
speech. In particular, the Inferior Frontal Cortex (IFC) is
consistently highlighted as the affected region. The IFC
plays a crucial role in speech production, comprising parts
involved in motor planning and integration of sensory
signals (Bohland, Bullock, & Guenther, 2010; Hickok &
Poeppel, 2007). Watkins et al. showed that a portion of
left IFC – the ventral premotor cortex – was under-active
during speaking and that the white matter underlying this
region was disrupted (Watkins et al., 2018).
Scientists have been studying the effect of direct current
stimulation since the early 1900s (Bindman, Lippold, &
Redfearn,1964; Elsberg 1917; Fuortes 1954; Hern, J. E.,
Landgren, Phillips, & Porter, 1962). Nevertheless, this
research technique was ignored for all intents and purposes for several decades. In the late 1990s, an interest
in the transcranial Direct Current Stimulation (tDCS) effect on the human central nervous system re-emerged
(Jacobson, Koslowsky, & Lavidor, 2012). Stuttering status and persistence are associated with aberrant network
connectivity involving the default mode network and its
connections with attention, somatomotor, and frontoparietal networks (Chang et al., 2018).
tDCS is a noninvasive brain stimulation method, which
could improve the outcomes of fluency interventions in
people who stutter (Chesters, Watkins, & Mottonen,
2017). tDCS modulates cortical excitability by applying
weak electrical currents in the form of Direct Current
(DC) brain polarization. Depending on direct current polarity, neuronal firing rates increase or decrease, presumably due to DC-induced changes in resting membrane
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potentials (Liebetanz, Nitsche, Tergau, & Paulus, 2002;
Nitsche et al., 2003b), with anodal tDCS in most settings
increasing, and cathodal tDCS decreasing motor-cortical
excitability (Nitsche & Paulus, 2000, 2001).
In tDCS, neuroplastic effects emerge a short while after
stimulation. The process depends on alterations to glutamatergic and GABAergic activities (Nitsche et al., 2003;
Stagg et al., 2009). Like the acute membrane polarization
effects, anodal tDCS and cathodal tDCS result in excitability-enhancing and excitability-reducing plasticity, respectively (Nitsche et al., 2003; Nitsche & Paulus, 2000).
Several functional imaging studies demonstrated reduced activity during speech production in Broca’s Area
(BA) (i.e., the cortical center for speech production) (Fox
et al., 1996; Neumann et al., 2005). Conversely, the right
homolog region of Broca’s area showed overactivation;
this finding has been highly replicated in several studies,
including a recent meta-analysis (Brown, Ingham, Ingham, Laird, & Fox, 2005; Budde, Barron, & Fox, 2014;
Belyk, Kraft, & Brown, 2015).
Previous studies have examined the effects of neuronal
modulation by tDCS on language processing for healthy
and clinical populations. For healthy volunteers, several
lines of positive evidence have been reported, including
facilitatory effects on language production for words and
sentences and language learning. Also, 18–20 clinical
tDCS studies have reported facilitation effects on impaired language functions in aphasic patients (Fiori et
al., 2011; Marangolo et al., 2013). Stuttering severity
significantly modulated the impact of stimulation: active stimulation attenuated the atypically strong association between stuttering severity and right thalamocortical network activity, especially in more severe speakers
(Garnett, Chow, Choo and Chang, 2019).
Chesters investigated the effect of 5 sessions of anodal
tDCS over the left inferior frontal gyrus during a speech
fluency intervention on stuttering. Speech fluency significantly improved in the treatment group that received anodal tDCS combined with the fluency intervention compared
to the respective sham tDCS group. Thus, using tDCS simultaneously with fluency training can enhance speech
fluency in adults who stutter (Chesters et al., 2018).
These improvements are created and stabilized when
tDCS is applied in consecutive daily sessions (Reis et al.,
2009; Baker, Rorden, & Fridriksson, 2010). Increasingly,
tDCS is being investigated as an adjunctive treatment for
acquired disorders of motor, language, and cognitive func-

tions (Baker et al., 2010; Marangolo et al., 2011; Khedr
et al., 2013; Allman et al., 2016; Mortensen et al., 2016).
Despite advances in stuttering treatment, significant
limitations such as instability of treatment outcomes and
lack of long-term results have to be addressed (Chesters
et al., 2017). Given the past evidence that tDCS can induce plasticity-like changes in cortical functions that
outlast the stimulation period, we anticipate that tDCS
will help stabilize intervention-related improvements
in speech fluency (Nitsche & Paulus, 2001). Speech restructuring interventions were found to reduce stuttering
in adults, however, with various degrees and maintenance of fluency. tDCS reduce stuttering frequency by
22%-27% (Brignell, et al., 2020).
This study aimed to evaluate the effect of tDCS on
the severity of stuttering and anxiety in school-aged
children. I expected that fluency intervention when used
anodal tDCS would result in reduced disfluency (i.e., improved fluency) relative to the same fluency intervention
with sham stimulation. My research is the first study to
investigate tDCS on the severity of stuttering and anxiety in school-aged children.

2. Materials and Methods
This quasi-experimental study has a pretest-posttest
and follow-up design with a control group. The study
population was all elementary school students who stutter
and live in Tehran City, Iran, in 2019-2020. Twenty-two
right-handed children who were native Persian speakers
(12 boys and 10 girls; aged 8-12 years; median: 10 years)
participated in this study. The sample size was calculated
based on formerly established studies and methods (Bazargan, Sarmad & Hejazi, 2007). Hence, based on similar
research conducted in the past and considering the cost
of testing, the sample was selected. The inclusion criteria were the presence of developmental stuttering and a
participant age between 8 and 12 years. The exclusion
criteria were any speech and language disorder other than
developmental stuttering, personal history of seizures, diagnosis of autism spectrum disorder or attention deficit
hyperactivity disorder, and neurological or psychiatric
illnesses. These criteria were evaluated by a psychiatrist
based on DSM-5. In this study, I delivered 1 mA of anodal
tDCS over the left IFC for 20 min per day in 15 consecutive daily sessions. Fluency was assessed 1 and 6 weeks
after the 15-day intervention. tDCS was performed by the
author of the article, who had a tDCS certificate.
Twenty-two participants were assigned in two groups
of experimental and sham-controlled. Before the study,
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the stuttering in the study children was confirmed by a
speech therapist. Thus, every participant met the diagnostic criteria of stuttering in the DSM-5. The Stuttering
Severity Instrument, version 4 (SSI-4: Riley 2009), was
used as a standardized measure of stuttering symptoms,
and the Spence scale was used to assess the anxiety severity. All children were evaluated by SSI-4 and Spence
scale (by a speech therapist). All parents of participants
in this study complete the treatment consent form with
full knowledge and consent. Throughout the study, all
the ethical guidelines were observed. The subject, purpose, and procedure of the study were explained to all
participants. Furthermore, the research participants were
allowed to leave the study whenever desired.
Eleven children in the experimental group underwent
15 sessions (5 sessions per week, based on research done
in the past) of anodal tDCS for the left IFC. In the experimental group, participants received 20 min of stimulation at 1 mA using 5*7 cm electrodes during the fluency
intervention. The anode was placed over the left inferior frontal cortex (centered on F7 according to the 1020 EEG electrode placement system) and cathode over
the right supra-orbital ridge. This montage was tested in
a previous study of speech facilitation (Chesters et al.,
2017; (Holland, & Crinion, 2012). Electrode position F7
is centered on Broca’s region, extending posteriorly to
cover ventral portions of the premotor and primary motor cortex, where the representation of the articulators is
located (Bestmann, de Berker, & Bonaiuto, (2015). Similar electrode placement was used in the sham-controlled
group, during which the current was ramped up over 15
s, maintained for 15 s at 1 mA, and ramped down over
15 s at the start of the session. For sham stimulation, I
delivered a small current pulse every 55 s throughout 20
min. These sham stimulation parameters were delivered
at an ineffective current dosage. The researcher of this
study performed this intervention.
Stuttering Severity Instrument, version 4 (SSI-4)
To calculate the stuttering frequency, I used SSI-4
(Riley, 2009), which provides a standardized and normreferenced index of disfluency. This inventory assesses
three domains of stuttering: frequency, duration, and
physical concomitants. Speech disfluency was measured
by the speech therapist at baseline, before and after the
intervention, and at 1 week and 6 weeks post-intervention. The reliability of this test was obtained using the
Cronbach α for the whole test as 0.93 (Riley, 2009).
Garmatani, Shafiei, Feizi, Salehi, & Howell, (2012) determined the Cronbach coefficient of the whole Persian
version of this tool as 0.98.
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Spence Children Anxiety Scale (SCAS)
As there is an increased prevalence of anxiety in developmental stuttering (Iverach et al., 2009, 2011), all
children completed the Spence Children Anxiety Scale
(SCAS; Spence, 1998, quoted in Mousavi, 2007). I
wanted to determine whether the tDCS could decrease
the anxiety symptoms. The Spence children anxiety
scale was developed to assess the severity of anxiety
symptoms broadly in line with the dimensions of anxiety disorder proposed by the Diagnostic and statistical
manual of mental disorders (DSM-IV). This measure
consists of 44 items, of which 38 reflect specific symptoms of anxiety and 6 are positive, filler items to reduce
negative response bias. This scale assesses six domains
of anxiety: generalized anxiety, panic/agoraphobia, social phobia, separation anxiety, obsessive-compulsive
disorder, and physical injury fears. Children are asked
to rate the frequency they experience each symptom
on a 4-point scale from never=0 to always=3. Anxiety
was measured by a speech therapist at baseline, before
and after the intervention, and at 1 week and 6 weeks
post-intervention. The Cronbach α coefficient was estimated to be 0.92 for the whole instrument and between
0.60 and 0.82 for its subscales (Spence, 1998, quoted in
Mousavi, 2007) examined the reliability of the Persian
version of this questionnaire. The Cronbach α coefficient
was found between 0.62 and 0.89, and six factors were
confirmed by confirmatory factor analysis.
In this research, SPSS version 16 was used for data
analysis. To analyze the effects of tDCS during the 15day intervention on speech fluency and anxiety, we entered the change from baseline severity of stuttering and
anxiety measured post-intervention into a mixed-model
ANOVA. The effect of tDCS on the outcome measure
(change from baseline in the SSI-4 score) was assessed
using a mixed-model ANOVA with the between-subject
factor of group (tDCS, sham) and a within-subjects factor
of post-intervention time (baseline, 1 week, 6 weeks). The
other outcome measure (change from baseline in Spens)
was also assessed using a mixed-model ANOVA with
the between-subject factor of group (tDCS, sham) and a
within-subjects factor of post-intervention time (baseline,
1 week, 6 weeks). The means of changes from baseline
in percentage of disfluent syllables, with 95% Confidence
Intervals (CI), were calculated for the tDCS and sham
groups separately, along with the differences in these
means between the two groups. Cohen’s d was calculated
for the effect sizes of the group differences. The author of
this article did tDCS, and she was certified to do so.
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3. Results
All participants completed the SSI-4 and Spence scale
before and after the intervention and were included in all
the analyses. The 1-week post-intervention session was
carried out about 8 days after intervention (range 6–13
days) and the 6-week session at about 40 days after intervention (range 32–53 days). Table 1 presents the characteristics of study groups before the intervention, which
were well matched between the tDCS and sham groups.
As shown in Table 1, in all test subscales in the experimental group, mean scores of stuttering severity in children in the posttest and follow-up (1-week and 6-week)
decreased but in the sham group, no such changes were
observed. Also, the mean score of anxiety in children in
the posttest and follow-up decreased, but in the sham
group, no such change was observed. The significance
of group differences according to the pretest, posttest,
and follow-up (1 and 6 weeks) scores was examined by
mixed-model ANOVA.
Table 2 presents the results of the analysis of variance
of the main effects and their interactions. As seen in
Table 2, analysis of variance result was significant for
intragroup (time) and between-group of total SSI-4 factor. The interaction of group effect and time was also significant (F=451.16, df=2). The impact of the intervention
in relation to group interaction and time was 0.84, and its
statistical power was 1. So, tDCS was effective on the
severity of stuttering.
According to Table 2, the analysis of variance result
was significant for intragroup and between-group of frequency factor. The interaction of group effect and time
was also significant (F=131.47, df=2). The impact of
experimental action in relation to group interaction and
time was 0.86, and its statistical power was 1. So, tDCS
was effective on the frequency factor.
Based on Table 2, the analysis of variance result was
significant for intragroup and between-group of duration
factor. The interaction of group effect and time was also
significant (F=189.31, df=2). The impact of the intervention in relation to group interaction and time was 0.83,
and its statistical power was 1. So, tDCS was effective
on the duration factor.
Table 2 indicates that the analysis of variance result was
significant for intragroup (time) of physical concomitants
factor and not significant for between-group factor. These
results mean that regardless of the group effect, the effect
of time was significant. Also, the interaction of group ef-

fect and time was significant (F=144.57, df=2). The effect of the intervention in relation to group interaction
and time was 0.84, and its statistical power was 1. So,
tDCS was effective on the physical concomitants factor.
Table 2 shows that the analysis of variance result was
significant for intragroup and between-group of Spence
total factor. The interaction of group effect and time was
also significant (F=136.13, df=2). The effect of experimental action in relation to group interaction and time
was 0.84, and its statistical power was 1. So, tDCS was
effective on the anxiety of children who stutter.

4. Discussion
The present study aimed to examine the effectiveness
of tDCS on the severity of stuttering and anxiety of children who stutter. We hypothesized that administration of
tDCS to the left IFC could decrease the severity of stuttering and anxiety. Speech fluency and anxiety improved
in the experimental group for at least 6 weeks after the
intervention. Left IFC was targeted as a critical brain region in speech production with anodal tDCS expected to
enhance neuronal excitability. This region was selected
for stimulation because it has a crucial role in coordinating the planning and execution of speech movements
and is typically less active in PWS than fluent speakers
during speech (Chesters et al., 2017).
Our results were consistent with Marangolo et al.,
(2011) and Allman et al., 2016) results on the effectiveness of tDCS on reducing the severity of stuttering. Their
results reflect that the tDCS parameters effectively modulate speech and motor learning (Allman et al., 2016;
Marangolo et al., 2011). However, a systematic direct
comparison of various tDCS protocols on speech fluency would help gain more information on the potential
clinical benefits of this approach (Allman et al., 2016).
Our results are consistent with previous work in aphasia
(Holland, & Crinion, 2012; Monti et al., 2013; Sandars,
Cloutman, & Woollams, 2016). tDCS could be combined
with different behavioral methods for increasing fluency.
Previous studies chose tDCS, as they aimed to reinforce
fluent speech, and choral speech induces fluency immediately and more successfully and to a greater extent
than other methods (Saltuklaroglu, Kalinowski, Robbins, Crawcour, & Bowers, 2009). Temporary fluency
enhancements are associated with normalized activity
in the left inferior frontal cortex (Wu et al., 1995; Fox
et al., 1996; Toyomura, Fujii, & Kuriki, 2011). Of particular relevance to the current trial are two studies showing increased speech motor skill following anodal tDCS
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Table 1. Study variables in the experimental and control groups, presented as Mean±SD

Variables
SSI-4, total

Frequency

Duration

Physical concomitants

Spence, total

Groups

Pretest

Posttest

1 Week

6 Weeks

Experimental

31.12±3.32

23.56±3.27

23.81±3.21

24.81±3.30

Sham

31.07±3.64

31.89±3.41

31.54±3.36

31.41±3.41

Experimental

10.00±1.51

7.21±1.42

8.18±1.24

8.01±1.28

Sham

10.41±1.47

11.07±1.40

10.16±1.48

10.25±1.39

Experimental

10.17±1.21

7.01±1.30

7.94±1.31

8.27±1.11

Sham

10.98±1.37

10.84±1.40

11.01±1.42

10.94±1.34

Experimental

10.94±1.41

9.44±1.28

8.68±1.22

8.61±1.17

Sham

10.31±1.27

10.00±1.35

10.27±1.31

10.25±1.41

Experimental

34.00±4.27

21.00±4.98

22.0±4.41

24.00±4.16

Sham

35.1±5.36

36.46±4.41

34.91±5.91

35.27±5.41

SSI-4: The Stuttering Severity Instrument, version 4

over the left IFC (Marangolo et al., 2011, 2013) in two
small samples of patients with acquired apraxia of speech
(three and eight patients, respectively). The larger sample
size of stuttering participants supports the claim that applying anodal tDCS over the left IFC can increase speech
motor rehabilitation outcomes (Chesters et al., 2018).
A previous tDCS study of stuttering has also shown
that the speech improvement induced by 1 mA of anodal
tDCS over the left IFC was maintained for up to 6 weeks
after the intervention. Although one study did not report
significant speech improvement for the Broca area block
in the anodal session, the effect of tDCS may be different
between online and offline periods given several neuromodulatory factors induced by stimulation with various
time scales (Filmer, Dux, & Mattingley, 2014).
One study showed that anodal TDCS to the primary
motor cortex produces facilitation of corticospinal excitability in only approximately three-quarters of young
and healthy participants (Wiethoff, Hamada, & Rothwell, 2014). Another study found that tDCS over area
V5/MT combined with a 5-day course of reading therapy improved reading speed and fluency in adults with
developmental dyslexia, with benefits persisting 1 week
after the intervention (Heth, & Lavidor, 2015).
The SSI-4 was included in the trial as a widely recognized standardized clinical measure, which provided
complementary information to the primary outcome
measure regarding fluency disruptions. Specifically, the
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percentage of disfluent syllables is a highly sensitive
measure of stuttering frequency, whereas the SSI-4 sacrifices some sensitivity (by conversion to scaled scores)
but incorporates essential information regarding the duration of stuttered moments and concomitant features,
such as tic-like facial or body movements (Chesters
et al., 2018). The subscales of the SSI-4 were statistically analyzed separately. However, an inspection of the
means showed that reductions were larger in the tDCS
group than the sham group for all subscales (frequency,
physical concomitants, and duration), except for the
physical concomitants subscale, there were few differences between the two groups.
Much research has been done on the effect of tDCS
on anxiety, and research has shown that tDCS has been
effective in reducing anxiety (Alizadeh Goradel, Pouresmali, & Sadeghi Mowlaie, 2016; Hampstead, Briceno,
Mascaro, Mourdoukoutas, & Bikson, 2016). The study
results showed that tDCS effectively reduces the anxiety
of school-aged children who stutter, shown in Spence.
No research has been done on the effect of tDCS on
reducing anxiety in school-aged children who stutter.
Since stuttering is closely related to anxiety, this study
shows that tDCS reduces anxiety in these people.
Taherifard, Saeidmanesh, and Azizi (2020), after a systematic review on the effectiveness of tDCS on anxiety,
argued that anxiety in stammering adolescents affected
by tDCS was reduced significantly. So, it seems that
tDCS on both sides of the anterior temporal region can
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Table 2. Mixed ANOVA results for examining the effectiveness of severity of stuttering and anxiety

Variables

SSI-4

Frequency

Duration

Physical concomitants

Spence, total

Sources

Sum of Squares

df

Mean of Squares

F

Effect Size

Power

Group

928.02

1

928.02

51.24

0.61

0.984

Error

491.04

20

26.01

Time

457.21

2

228.60

412.73

0.81

1

Error

31.45

40

0.568

Group*time

520.58

2

260.29

451.16

0.84

1

Group

105.25

1

105.25

21.43

0.41

0.854

Error

143.11

20

6.21

Time

48.51

2

24.25

124.09

0.82

1

Error

9.24

40

0.124

Group*time

37.99

2

18.99

131.47

0.86

1

Group

141.84

1

141.84

25.14

0.49

0.84

Error

130.75

20

5.83

Time

66.19

2

33.03

187.27

0.84

1

Error

8.52

40

0.131

Group*time

47.28

2

23.64

189.31

0.83

1

Group

128.41

1

128.41

9.17

0.24

0.759

Error

149.20

20

6.64

Time

44.18

2

22.09

139.01

0.88

1

Error

7.74

40

0.145

Group*time

38.24

2

19.12

144.57

0.84

1

Group

849.07

1

849.07

47.63

0.64

0.81

Error

884.12

20

44.83

Time

428.34

2

214.17

138.28

0.88

1

Error

98.71

40

0.716

Group*time

399.41

2

199.70

136.13

0.84

1

SSI-4: The Stuttering Severity Instrument, version 4

effectively treat the anxiety of stuttering. The tDCS over
the left IFC during the fluent mode of speaking facilitated plasticity of the frontal speech network and prolonged
its normalized functioning, resulting in lasting improvements in fluency. As expected, tDCS enhanced fluency
in children who stutter and reduced anxiety compared
with the sham group.

5. Conclusion
In general, we can say that tDCS is an appropriate intervention for improving the severity of the stuttering of
school-aged children and can be considered an effective intervention on their anxiety. In conclusion, the present tDCS
study demonstrated that speech fluency was significantly
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improved by the tDCS montage of an anodal electrode
over the left inferior frontal cortex in children who stutter.
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