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Objectives: Tic disorder is a neurodevelopmental disorder characterized by multiple involuntary movements of muscles or vocaliza-

tion. Although tic symptoms subside as the patient ages, some patients suffer from significant functional impairments related to severe
tic symptoms. This manuscript aimed to review the latest scientific evidences for the effect of cognitive-behavioral interventions on tic
disorder.
Methods: The relevant studies were identified by searching medical research databases. We focused our search on studies published
between 2000 and 2020 in order to reflect the latest scientific evidence. A total of 821 articles were identified in the initial database search
and 27 articles were finally included for the review after the exclusion of duplicated and irrelevant articles.
Results: Behavioral therapies including habit reversal training, Comprehensive Behavioral Intervention for Tics, and exposure and response prevention were the most widely studied interventions for tic disorder and are recommended as first-line treatments for tic disorders with high confidence. Cognitive psychophysiologic approaches were also reported to be effective.
Conclusion: Further studies are needed to support the future treatment of tics with low-cost and more widely available treatments, in
order to ensure better treatment outcomes.
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INTRODUCTION
Tic disorder is neurodevelopmental movement disorder
characterized by the symptoms of sudden, rapid, recurrent,
nonrhythmic motor movements, and vocalizations [1]. Tic
disorders consists of four diagnostic categories: provisional
tic disorder, persistent (chronic) motor or vocal tic disorder,
Tourette’s disorder, and other specified and unspecified tic
disorders [1]. Tourette’s disorder is a severe form of tic disorder, which is defined by the presence of both multiple motor
and one or more vocal tics for more than one year since the
first onset of tic symptoms [1].
Tic disorder is associated with heterogeneous symptoms
at presentation both across and within individuals, including
simple and complex, motor or vocal tics [2]. Simple motor tics
often involve brief, repetitive movements such as eye blinkThis is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

ing, grimacing, head jerks, and shrugging; simple vocal tics
include sniffing, throat clearing, grunting, and coughing [3,4].
Some patients often suffer from complex tics involving larger
muscle groups (i.e., arm thrusts, gyrating, and bending), and
vocalizations such as words, short phrases, or even echolalia
(repeating the words of others), palilalia (repeating oneself),
or coprolalia (saying obscene words) [3-5]. Although motor
tics and vocal tics are differentiated, vocal tics are the result
of contractions of laryngeal, respiratory, oral, or nasal muscles [6]. Tic symptoms have the characteristic of progression
in a rostral-caudal fashion; they also wax and wane in severity, and the symptoms can change over time [5].
Tic symptoms usually start around the age of 6 years to 8
years and are common in schoolchildren, where they affect
15–25% [5]. However, tic symptoms are transient in most cases and drastically reduce in the period of adolescence [1,5].
A meta-analysis reported a wide prevalence rate of transient
tic disorder from 0.40% to 18.26%, with an average rate of
2.99% [95% confidence interval (CI): 1.60 to 5.61]; to contrast,
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the prevalence of Tourette’s disorder was reported as 0.77%
(95% CI: 0.39% to 1.51%) [7]. Tic disorder affects males more
commonly than females, with a male-to-female ratio of between 2:1 and 4:1 [1]. The prevalence of Tourette’s syndrome
in boys has been reported as 1.06%, compared to 0.25% in
girls [7]. Tic disorders are less common in adulthood, with
the reported prevalence of Tourette’s syndrome being 0.05%.
Whereas tic symptoms are known to be exacerbated by emotional stress, anxiety, fatigue, and watching television, they
often attenuate during relaxation, concentration, and physical exercise [8].
Dysfunction in the basal ganglia and related cortico-striato-thalamo-cortical circuits are involved in the generation
of tics [9]. In addition, dysfunction of the dopaminergic system and GABAergic inhibition have been implicated as the
central pathophysiology of tics [9,10]. With regard to the prognosis of tic disorders, Hassan and Cavanna [11] reviewed the
scientific literature published between 1990 and 2010, and reported the predictors of increased tic severity in adulthood to
include higher childhood tic severity, smaller caudate volume,
and worse fine motor control; in addition, the presence of
untreated comorbid psychiatric disorders such as attentiondeficit/hyperactivity disorder and obsessive and compulsive
disorder were reported to adversely affect the long-term outcome of Tourette’s disorder [11].
European clinical guidelines for Tourette’s disorder and other tic disorders recommend psychoeducation and monitoring
when the patient has no indication for treatment [12]. However, if the patient has indications for treatment such as subjective discomfort (e.g., pain or injury), sustained social problems (e.g., social isolation or bullying), emotional problems
(e.g., reactive depressive symptoms), or functional interference
(e.g., impairment of academic achievements), the treatment
options of symptom-focused behavioral therapy [e.g., habit
reversal training (HRT) or exposure and response prevention
(ERP) therapy] or pharmacological therapy should be considered [12]. For pharmacological treatment, antipsychotics such
as risperidone, aripiprazole, sulpride, haloperidol, and pimozide, which are dopamine-lowering agents, are the main treatment options recommended [12]. Alpha-adrenergic agonists
such as clonidine and guanfacine were also reported to have
efficacy in reducing tic severity. The third treatment option
includes non-pharmacologic biological therapy such as deep
brain stimulation or transcranial magnetic stimulation [13].
Pharmacological treatment usually has a fast onset in terms
of treatment effect compared to behavioral treatment options.
However, due to the risk of general side effects associated with
pharmacotherapy such as sedation, weight gain, hyperprolactinemia, and extrapyramidal symptoms, as well as limited
evidence for the effect of pharmacotherapy on alleviating tic
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symptoms, clinicians should consider recommending behavioral therapy before pharmacological treatment if patient preferences and the availability of therapists for behavioral therapy allow this [12,14,15]. A comprehensive systematic review
[4] reported high confidence in the Comprehensive Behavioral
Intervention for Tics (CBIT) reducing tics relative to psychoeducation and supportive therapy, whereas moderate or low
confidence were reported in relation to pharmacologic treatments being likely to reduce tics more than placebo.
Considering the possible efficacy and harm associated with
behavioral and pharmacological treatments, an update on the
latest scientific evidence for the efficacy of cognitive-behavioral interventions for tic disorder is important in order for
patients and clinicians to formulate proper treatment strategies. However, previous guidelines for tic disorder were reported in 2011 and 2012, almost a decade ago [13,16-19]. Moreover, there is a lack of studies on behavioral interventions for
tic disorder in South Korea, despite a few reports of reviews
and case-studies evaluating cognitive-behavioral interventions for tic disorders [20,21]. Thus, this study aimed to review
the latest scientific evidence for the effect of cognitive-behavioral interventions on tic disorders, and discuss the future
study directions.

METHODS
Relevant studies were identified by searching medical research databases including Web of Science, PubMed, MEDLINE, and PSYCInfo in July 2020 and August 2020. Search
terms used included ‘tic’ or ‘Tourette’ AND ‘cognitive therapy,
‘behavior therapy,’ or ‘habit reversal.’ We focused our search
on manuscripts published between 2000 and 2020, in order
to reflect the latest scientific evidence. In total, 821 articles
were identified in the initial database search; 292 duplicated
articles were excluded. After the exclusion of articles with irrelevant topics and small case numbers, 27 articles were finally
included for the review. The search process was presented
in the Fig. 1.

RESULTS
Overview: history of treatment modality for tics

The original behavioral model of tic disorder was introduced
by Azrin and Nunn [22], which was based on the idea that tics
resemble habits, and was later modified by Turpin [23]. Fründt
et al. [24] reviewed the behavioral therapies for tic disorder
and categorized them into past, present, and future treatment
modalities. Past treatments included psychoanalytic and supportive psychotherapy (SP) as well as massed practice (MP),
whereas HRT, CBIT, and ERP were considered present treat-
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Initial records identified by database searching (n=821)

Tic Counts [33] can also be used to evaluate tic symptoms.

Psychotherapy and MP
Duplication excluded (n=292)

Records screened after removing duplicated articles (n=529)
Excluded:
Irrelevant to the cognitive behavioral therapy of
tics (n=446)
Small cases (n=56)
Studies included in the review (n=27)

Individual studies for behavioral therapy (CBIT, HRT, and ERP: n=10)
Meta-analysis for HRT and CBIT (n=3)
Outpatient program of behavioral therapy (n=2)
Cognitive neurophysiological model (n=5)
Premonitory urge (n=3)
Associated factors (medication: n=2; other factors: n=2)

Fig. 1. The flow diagram for the inclusion and exclusion of studies.
CBIT: Comprehensive Behavioral Intervention for Tics, HRT: habit
reversal training, ERP: exposure and response prevention.

ments. Finally, internet-based training, telehealth approaches,
autonomic modulation, and neuro-feedback are being studied as potential future treatments, although there is insufficient evidence to make clear recommendations regarding their
utility at present.

Assessment

The most widely used tools to assess tic severity in clinical
trials are the Yale Global Tic Severity Scale (YGTSS), Clinical
Global Impression Severity (CGI-S) and Improvement (CGI-I)
Scales. The YGTSS is a clinician-rated, semi-structured interview consisting of 10 items that was developed by Leckman
et al. [25]. The YGTSS includes an assessment of the number,
frequency, intensity, complexity, and interference from motor and vocal tics, as well as overall impairment. It is useful
to assess tic severity in children and adolescents as well as
adults. The CGI comprises of two companion one-item measures evaluating the severity of psychopathology (CGI-S) and
change from the initiation of treatment (CGI-I) on a 7-point
scale [26], and was developed for use in National Institute of
Mental Health-sponsored clinical trials. CGI provides a brief,
stand-alone assessment of the patient’s global functioning for
the clinician [27]. Apart from these two tools, the Tourette’s
Syndrome Severity Scale [28], Tourette’s Disorder Scale-Clinician Rated [29], Hopkins Motor and Vocal Tic Scale [30],
Tourette’s Syndrome Questionnaire [31], Child Tourette Syndrome Impairment Scale [32], and Videotape Ratings and

Past treatment options for tic disorders include psychoanalytic and SP as well as MP [24]. Psychoanalytic psychotherapy has failed to prove its efficacy for reducing tic symptoms,
and SP also yielded negative results with regard to tic symptoms. However, SP and psychoeducation are included in guidelines for tic management [16] due to the efficacy of SP in improving overall wellbeing and psychosocial functioning, despite
no clear effect on tic reduction.
MP is based on the concept that tics are learned maladaptive habits that can be replaced by other flexible and adaptive
behaviors [34]. It involves training for accurate, effortful, repetitive, rapid, and voluntary production of the individual’s
tics over a certain amount of time (15–30 minutes) until the
tics decrease [35]. Despite some case reports and studies supporting its efficacy, MP has been shown to be inferior to modern behavioral interventions for tic symptoms, and there is
no current evidence supporting its utility [24,36].

HRT and CBIT

Currently, the mainstream treatment modalities for tic disorder include HRT and CBIT [24,37]. HRT consists of nine
different techniques within four domains: 1) Awareness training, in order to help patients detect the situations and signs
related to tic symptoms; 2) competing response training, instructing individuals to perform incompatible movements
against the tic using antagonistic muscles; 3) motivation, focusing on the social and environmental consequences of tics;
and 4) generalization, which is a complete rehearsal of the HRT
in life [24,38,39]. CBIT is an extended treatment program of
HRT and includes the HRT techniques as core components.
In addition to the HRT techniques, CBIT also includes psychoeducation, relaxation training, behavioral rewards, and
function-based interventions [24,37]. The functional intervention identifies situational antecedents and the consequences
of tic severity, and develops individualized strategies to reduce
these factors [40].
Individual studies evaluating the efficacy of HRT and
CBIT
Tables 1 and 2 show individual randomized controlled trials evaluating behavioral interventions for tic or Tourette’s
disorders. Deckersbach et al. [38] compared the effect of HRT
and SP in a randomized controlled trial. The study was performed by delivering 14 sessions of each therapy in 30 adults
with Tourette’s disorder (15 patients for HRT versus 15 patients for SP). Tic severity between pre- and post-treatment
reduced significantly in the HRT group but not the SP group.
http://www.jkacap.org
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(HRT: 16, SP: 13)

32 (16 males)

(ERP: 21, HRT: 22)

43 (34 males)

(HRT: 15, SP: 15)

30 (17 males)

waitlist & HRT: 24)

80 (HRT: 80,

(CBIT: 61, SP: 65)

126 (99 males)

(CBIT: 63, SP: 59)

122 (78 males)

No. of participants

TD

TD

TD

CTD or HD

TD or CTD

TD or CTD

Diagnosis

Adults

Both

Adults

Adults

Children

Adults

children

Adults/

SP: 33.2±12.2

HRT: 36.2±12.7

HRT: 19.2±11.4

ERP: 22.0±13.0

Range: 7-55

SP: 33.6±11.6

HR: 36.6±13.0

Range: 18-60

ST: 11.7±2.3

CBIT: 11.6±2.3

Range: 9-17

Range: 16-69

Age, years

HRT versus SP

ERP versus HRT

HRT versus SP

HRT versus waitlist

CBIT versus SP

CBIT versus SP

groups

Comparative

8-14

HRT: 10

ERP: 12

8

12

8

8

Sessions

CGI-I

YGTSS

YGTSS

YGTSS

tic severity

Social phobia: 2 (6.7)
Panic disorder: 1 (3.3)

BDI
YBOCS

-

TF-home

Not reported

ADHD: 13 (30.2)

TF-institute OCD: 6 (14.0)

OCD: 9 (30.0)

Depression: 3 (10.0)

Not reported

GAD: 16 (12.7)

OCD: 24 (19.0)

ADHD: 33 (26.1)

Not reported

Comorbidity

SOS-10

SDI

STOP

BDI

MOCI

GHQ

AE

CGI-I

Self-rated

PTQ

AE

ATQ

outcome

Secondary

YGTSS

CGI-I

YGTSS

outcome

Primary

14 (43.8)

17 (39.5)

16 (53.3)

None

46 (36.5)

31 (25.4)

participants

Medicated

Data are presented as n (%) or mean±standard deviation. ADHD: attention-deficit/hyperactivity disorder, AE: adverse event, ATQ: Adult Tic Questionnaire, BDI: Beck Depression
Inventory, CBIT: Comprehensive Behavioral Intervention for Tics, CGI-I: Clinical Global Impression Improvement Scale, CTD: chronic tic disorder, ERP: exposure and response prevention, GAD: generalized anxiety disorder, GHQ: General Health Questionnaire, HD: habit disorder, HRT: habit reversal training, MOCI: Maudsley Obsessional-Compulsive Inventory, OCD: obsessive-compulsive disorder, PTQ: Parent Tic Questionnaire, SDI: Sheehan Disability Scale, SOS-10: Schwartz Outcome Scale (10 item version), SP: supportive psychotherapy, STOP: Style of Planning Questionnaire, TD: Tourette disorder, TF-home: home tic frequency ratings, TF-institute: YGTSS tic frequency ratings, YBOCS: Yale-Brown Obsessive
Compulsive Scale, YGTSS: Yale Global Tic Severity Scale

Wilhelm et al. [39]

Verdellen et al. [56]

et al. [38]

Deckersbach

O’Connor et al. [41]

Piacentini et al. [40]

Wilhelm et al. [15]

Study

Table 1. Randomized controlled trials of therapies for tic and Tourette’s disorders

Cognitive and Behavioral Interventions for Tic Disorder

30.5±7.13
26.6±7.78

SP (13)

24.1±7.2

26.2±7.6

HRT (16)

HRT (22)

ERP (21)

27.7±6.3

SP (15)

26.9±9.19

19.8±7.58

19.7±9.3

17.6±7.6

26.8±6.7

18.3±5.2

HD: 4.62±7.14

HD: 10.28±11.0
29.3±5.8

CTD: 7.11±15.6

CTD: 21.40±31.2

HD: 4.62±7.14

HD: 11.03±13.0

HRT (15)

Waitlist & HRT (24)

CTD: 7.11±15.6

21.1 (19.2-23.0)

17.1 (15.1-19.1)

19.3±7.40

17.8±7.32

Post-treatment

Effect size: -0.03

Effect size: 1.50

Effect size: 1.06

Effect size: 1.42

-

Decrease (37.5)

HD: decrease (58)

CTD: decrease (65)

Decrease (30)

Effect size: 0.57

Decrease (51)

Effect size: 0.68

Decrease (11.5)

Decrease (25.8)

Effect size: 0.57

Change (%)

YGTSS or TSGS score

CTD: 20.31±35.7

24.6 (23.2-26.0)

SP (65)

HRT (80)

24.7 (23.1-26.3)

21.8±6.59

SP (59)

CBIT (61)

24.0±6.47

Pre-treatment

CBIT (63)

(no. of patients)

Treatment group

HRT＞SP

ERP=HRT

HRT＞SP

HRT＞waitlist

CBIT＞SP

CBIT＞SP

Outcome

11/12 (91.7)

24/28 (85.7)

1/2 (50.0)

13/15 (86.7)

3 months

13/22 (59.0)

12/21 (57.0)

10/15 (67.0)

8/15 (53.0)

6/8 (75.0)

20/23 (87.0)

1/2 (50.0)

12/15 (80.0)

6 months

11/13 (85.0)

10/16 (63.0)

43/56 (77)

2 years

10 months

Positive response at follow-up

Data are presented as n (%), mean (range), or mean±standard deviation. CBIT: Comprehensive Behavioral Intervention for Tics, ERP: exposure and response prevention, HRT:
habit reversal training, SP: supportive psychotherapy, TSGS: Tourette Syndrome Global Scale, YGTSS: Yale Global Tic Severity Scale

Wilhelm et al. [39]

Verdellen et al. [56]

Deckersbach et al. [38]

O’Connor et al. [41]

Piacentini et al. [40]

Wilhelm et al. [15]

Study

Table 2. Difference between YGTSS or TSTG scores before and after behavioral therapy
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In addition, 10 of the 15 participants in the HRT group were
classified as much or very much improved at the end of treatment, compared to two out of 15 subjects in the SP group. In
addition, the reduction of tic severity observed after treatment
remained stable at the 6-month follow-up only in the HRT
group, although both groups demonstrated improvements
in life-satisfaction and psychosocial functioning.
Another randomized controlled study by Wilhelm et al.
[39] compared the effects of HRT and SP. Twenty-nine patients
with Tourette’s disorder were randomly assigned to 14 sessions
of either HRT group (n=16) or SP group (n=13). Tic severity
reduced significantly over the course of treatment in the HRT
group (t=8.29, p<0.01) but not in the SP group (t=-0.14, p=0.89).
The HRT group also reported significantly lower functional
impairment at post-treatment (mean score=9.44) than the SP
group (mean score=22.69; t=3.15, p<0.01). In addition, after
10 months, the HRT group remained significantly improved
in terms of tic severity and functional impairment, whereas
the SP group remained at their pretreatment levels.
O’Connor et al. [41] also investigated the efficacy of a fourmonth cognitive-behavioral program based on HRT for
treatment of tic disorder (n=47) and habit disorder (n=43).
Among the participants, thirty-eight were assigned to a waitlist control group who subsequently received treatment. Although there were no significant differences in tic and habit
severity between the baseline and waitlist period, participants
showed a significant decrease in tic and habit frequency (F=
11.85; p<0.001) and tic and habit intensity (F=70.57; p<0.001)
following treatment, and the decrease was maintained at twomonth follow-up.
The efficacy of CBIT on tics was also investigated in a neuroimaging study by Deckersbach et al. [42], who examined
the change of activity in brain regions using functional MRI.
A significant decrease in striatal (putamen) activation between
pre- and post-treatment was observed. In addition, changes
in task-related activation of Brodmann’s area 47 (inferior frontal gyrus) were negatively correlated with changes in tic severity, which suggests that CBIT might promote the normalization of aberrant cortico-striato-thalamo-cortical circuits
in patients with Tourette’s disorder.
Two large controlled studies investigating the efficacy of
HRT and CBIT
Wilhelm et al. [15] tested the efficacy of a CBIT in a large
sample of adults (n=122) with Tourette’s disorder. Participants received eight sessions of CBIT or supportive treatment for 10 weeks. Tic severity decreased significantly more
in the CBIT group (YGTSS score=24.0 to 17.8 from baseline
to end-point) compared to the controls [YGTSS score=21.8
to 19.3; p<0.001; effect size (ES)=0.57]. Moreover, 24 of 63

56

patients were rated as much or very much improved on the
CGI-I Scale compared to 4 of 63 controls.
Piacentini et al. [40] investigated the efficacy of a CBIT in
children and adolescents. A large sample of patients (n=126)
were enrolled and randomly assigned to 8 sessions over 10
weeks of CBIT (n=61) or a control treatment (supportive
therapy and education; n=65). CBIT resulted in a significantly greater decrease on the YGTSS score (24.7 to 17.1)
from baseline to end-point compared to controls (24.6 to
21.1; p<0.001; ES=0.68). In addition, significantly more children in the CBIT group were rated as much or very much improved on the CGI-I Scale than controls (52.5% vs. 18.5%, respectively; p<0.001).
Studies evaluating the efficacy of CBIT in specific
populations or settings
Other studies have evaluated the efficacy of CBIT in specific
populations such as children and specific settings including
outpatient or videoconference. Bennett et al. [43] evaluated
the efficacy of a CBIT in 15 children aged between 5 and 8
years with six sessions of intervention over 8 weeks. The tic
severity of participants reduced significantly after treatment
(mean=14.5; ES=0.73) and at 3-month follow-up (mean=13.7;
ES=1.00) relative to baseline (mean=22.7). Rowe et al. [44] also
examined the efficacy of a CBIT in 30 children with tic disorder and observed a significant reduction in tic severity (mean
score; from 4.63 at baseline to 1.1 at post-treatment, p<0.0001).
Although CBIT has shown its efficacy in reducing the severity of tic symptoms, some disadvantages such as the longterm sessions lasting 10 weeks, regular visits to the hospital,
and unavailability of expert therapists act as barriers for patients to receive CBIT [37]. In order to overcome these inconveniences raised from the standard CBIT protocol consisting
of 8 sessions over 10 weeks, Blount et al. [45] examined the
treatment outcome in 5 individuals with Tourette’s disorder
using an intensive outpatient program compressed into one
week. Four out of 5 participants reported a significant reduction in tic severity, with an average decrease of 11.5 points in
the YGTSS. Himle et al. [46] compared the efficacy of videoconference versus face-to-face delivery of CBIT and reported
that both treatment delivery modalities led to significant decreases in tic symptoms, with no between-group differences.
Meta-analyses and systematic reviews evaluating the
efficacy of HRT and CBIT
A meta-analysis investigated randomized controlled trials
(RCTs) to test the efficacy of HRT and CBIT for tic disorders.
A total of 8 RCTs published between 1990 and 2012, with a
total sample of 438 participants, were included in the metaanalysis. Participants receiving HRT or CBIT were more like-
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ly to exhibit a treatment response compared to control interventions, with an odds ratio of 5.77 (95% CI: 3.23, 10.30),
and treatment response on the CGI-I Scale identified a number needed to treat of three [47].
Bate et al. [48] also conducted a meta-analysis of the efficacy of HRT on reducing symptoms of maladaptive repetitive behaviors, including stuttering, tics, nail biting, temporomandibular disorder, thumb sucking, and mixed repetitive
oral-digital habits. A total of 575 participants in 18 studies
published between 1980 and 2007 were included, and a large
ES between pre- and post-treatment assessments with HRT
(d=0.80) was observed compared to control conditions. Wille
and Pringsheim [49] performed a meta-analysis with four
high-quality clinical trials of HRT (n=2) and CBIT (n=2) for
tics. They reported the mean differences of YGTSS scores to
improve after each treatment compared to SP, favoring HRT
(mean difference=3.66; 95% CI: 2.25 to 5.07) and CBIT (mean
difference=10.52; 95% CI: 7.44 to 13.59).
In addition to these meta-analyses, multiple systematic reviews evaluating treatment modalities for tics have reported
the most promising outcomes on reducing tic symptoms to
be associated with the behavior therapies HRT and CBIT
[24,50-53].

ERP

ERP was originally developed to treat obsessive–compulsive disorder (OCD) by Meyer [54] and has proved its efficacy
in the treatment of OCD. Theoretically, ERP includes techniques of exposure to the sensations and urges that precede
tics, and response prevention of the tics to target the habituation of the patient to the premonitory urges of tics, resulting
in tic reduction [55]. In the ERP training, patients are required
to endure the premonitory urges for a long time of period (up
to 2 hours), with resistance against tic execution sessions [55].
Whereas HRT focuses on a limited number of tics at once,
ERP targets the premonitory urges of multiple tics simultaneously [56].
In an early case report of a patient with Tourette’s disorder,
ERP was applied for the premonitory urge and tic movements,
and an improvement in tic symptoms and relief of the premonitory itching sensations were observed [57]. Another case
report of an 11-year-old boy demonstrating three repetitive
behaviors found the frequency of the repetitive behaviors to
be relieved by the ERP [58]. Verdellen et al. [56] compared the
effect of ERP (n=21) versus HRT (n=22) in 43 Tourette’s disorder patients. The participants were given 12 weekly treatment sessions of each treatment modality. Tic symptom severity improved in both treatment conditions and no significant
differences were found between the treatment conditions,
which indicated that tic symptoms can be treated effectively

by both treatments. A recent study by Nissen et al. [59] tested the combined form of HRT and ERP and reported that
two-thirds of participants responded to the treatment. Finally,
previous review articles have suggested ERP as ‘probably efficacious treatment’ and the first line behavioral intervention
together with HRT [60,61].

Cognitive behavioral models

Individuals with a tic disorder often suffer from cognitive
distortion including anticipation, rigid beliefs, a judgmental
style of thinking, attentional focus, and a perfectionistic style
of planning action as well as tic symptoms [62-64]. Despite the
effectiveness of behavioral therapies such as HRT and ERP,
which address the tic symptoms in isolation, cognitive distortion should be also considered to improve the treatment outcome. Cognitive psychophysiological intervention focuses
more on the cognitive change of the background activity in
which the tic occurs [65]. This approach is based on a cognitive model that includes modules of motivation, developing
awareness, identifying at risk context, reducing tension, increasing flexibility, addressing styles of planning action, discriminating cognitive confusion, emotional regulation, and
maintaining the gains [66]. This approach was reported to
have had strong ES on improving the severity of tic symptoms
per se in adults as well as the perfectionism and self-esteem
of patients at 6-month follow-up [65]. Another study of the
cognitive behavioral approach also demonstrated its efficacy for improving general behavioral problems in addition to
tic symptoms in children [62].
Some studies reported the usefulness of individual techniques such as contingency management, function-based
interventions, relaxation training [67], self-monitoring [67],
mindfulness-based stress reduction [68], and tension reduction [69]. However, most of these techniques are included as a
part of modules in the comprehensive cognitive model. Thus,
further studies on integrative cognitive model would be needed rather than on the independent usefulness of the individual techniques.

Tics, premonitory urge, and neurophysiologic process

In addition to cognitive distortion, patients with tics are
reported to present impairment in several neurophysiologic
processes such as learning, verbal fluency, fine motor coordination, inhibitory control, and premonitory urges, which
might be caused by the basal ganglia dysfunction or high levels of sensorimotor activation [70]. Studies for these neurophysiologic mechanisms performed the experimental work
to investigate the physiologic mechanisms associated with tics.
Premonitory urges are often thought to be a core mechanism
of inducing tic symptoms. Thus, it becomes a treatment tarhttp://www.jkacap.org
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get of habituation based on the theoretical model or ERP. Two
studies investigated whether there is a rebound effect of tics
after tic suppression for a period of ERP and reported that voluntary suppression of tics does not induce a rebound of tics
that exceeds the average rate of previous tic severity [71,72].
Verdellen et al. [73] also tested the hypothesis that habituation to the unpleasant premonitory urge of the tic is an underlying mechanism of change in ERP, and the results supported
their hypothesis. However, a large study including 126 adults
and 122 children by Houghton et al. [74] tested whether premonitory urges decrease in youth with tic disorder with the
use of behavior therapy versus psychotherapy. Although the
premonitory urges in adults (but not in children) who responded to behavior therapy significantly decreased across treatment, results failed to find a specific effect of behavior therapy on reducing premonitory urge severity, which casts doubt
on the hypothesis that habituation is a core process underlying the effectiveness of behavior therapy on tics. Nam et al. [75]
also reported that it is still unknown whether the severity of
a premonitory urge is directly related to the severity of the subsequent tic symptoms, and the effects of pharmacological treatments on premonitory urges have also been inconsistent.
O’Connor et al. [76] compared the performance on executive function and a range of skilled motor tests in people with
tic disorders and controls and examined the effect of cognitive behavior therapy (CBT) on motor performance. They reported that the motor performances are significantly different
between tic disorders and controls. Also, the CBT selectively
improved motor performance in patients with tics and this
improvement was related to clinical outcome measures. Morand-Beaulieu et al. [77] assessed the event-related potentials
as predictors of CBT outcomes in patients with tic disorder.
They found that CBT can normalize motor processes related
to stimulus-response compatibility in Tourette’s disorder patients and ERP can predict the amount of tic symptoms improvement induced by the CBT. Lavoie et al. [70] also found
that patients with Tourette’s disorder presented with reduced
cortical activation that was associated with response inhibition; this was restored by CBT.

groups. Sukhodolsky et al. [79] also examined the moderating effect of medication in response to CBIT in children and
adults with Tourette’s syndrome and chronic tic disorders.
They reported that participants showed tic reduction after
CBIT regardless of tic medication use, but only participants
receiving medication showed a reduction of tics in SP (control group). The findings of these studies indicate that CBT
is an effective treatment for tics either in combination with
medication or alone.

Associated variables affecting on treatment outcomes
of behavioral treatment

The present study reviewed the latest evidence for the use
of cognitive and behavioral interventions in the treatment of
tic disorders. The HRT and CBIT were the most widely studied interventions and recommended as first-line treatments
for tic disorders with high confidence [4,16,18,85]. Awareness
training and competing response training are the core components of HRT and CBIT. In awareness training, clinicians
help the patient to define and identify early tic signals such
as premonitory urges and early tic movements. Once the tics
are defined, patients practice recognizing tic occurrences in

Tic medication
O’Connor et al. [78] administered CBT to people diagnosed
with either Tourette’s disorder or chronic tic disorder. The
sample was divided into medicated (n=23) and non-medicated groups (n=53). They found significant improvement of tics
after CBT in both groups and no significant differences in the
improvement of tics between medicated and non-medicated
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Other factors
Sukhodolsky et al. [79] also reported that age, sex, family
functioning, tic characteristics, treatment expectancy, and comorbid psychiatric disorders such as attention-deficit/hyperactivity disorder, OCD, and anxiety disorders do not moderate the effect of CBIT on tics. Specht et al. [80] investigated
correlates of the ability to suppress tics in 12 youths aged 10
years to 17 years with moderate-to-marked chronic tic disorders in a reinforced tic suppression test. They found that general cognitive function (intelligence) might be associated with
the ability to suppress tics, whereas age, attention, tic severity,
and severity of premonitory urge were not. Although these
previous studies by Sukhodolsky et al. [79] and Specht et al.
[80] reported that age is not a moderating factor for suppressing tic symptoms, the prevalence and severity of tic disorders
is well known to decrease throughout the adolescence period
[1,5,81], which is thought to be associated with brain development from early childhood through the mid-20s [82,83]. Thus,
future studies considering the effect of age or brain development on the efficacy of behavioral therapy on tics are needed.
Bloch and Leckman [84] reviewed the long-term prognosis
of Tourette’s disorder and reported that comorbid psychiatric
conditions such as OCD and other anxiety and depressive disorders are common during adolescence. They also reported
that enhancing self-esteem by encouraging strong friendships
and exploration of interests is crucial to positive outcomes in
adulthood among patients with Tourette’s disorder.

DISCUSSION
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sessions in order to enhance their awareness [37]. After awareness training, the clinician and the patient develop an alternative behavior using the antagonistic muscle which is physically incompatible with the tics (called a competing response).
The behaviors are practiced for approximately 1 min or until
the premonitory urge subsides. In addition to these two core
components, HRT and CBIT include various components used
in cognitive behavioral interventions to enhance the treatment
outcome, such as psychoeducation, self-monitoring, relaxation
training, function-based intervention, behavioral rewards,
and relapse prevention. These components are somewhat selectively included by the individual treatment protocols. ERP,
targeting the habituation of premonitory urges, is another
treatment option for tics, which has been recommended as a
first line behavioral intervention although studies on its use
are fewer than for HRT and CBIT [61].
The efficacy of these behavioral interventions was not affected by factors such as tic medication use, age, sex, family
functioning, tic characteristics, and psychiatric comorbidities.
On the other hand, positive social supports such as encouraging strong friendships and exploration of interests are important factors for good prognosis in patients with tic disorders.
In addition, SP was also effective in improving psychosocial
well-being, although it was not effective in reducing the severity of tic symptoms.

Future directions

Fründt et al. [24] suggested future treatments for tics, such
as internet-based training, telehealth approaches, autonomic
modulation, and neuro-feedback, although there is no evidence regarding their efficacy yet. Any single treatment modality among the various pharmacotherapy and behavioral
interventions is insufficient to induce the complete remission
of all tic cases, despite their individual efficacies. Thus, studies developing other treatment modalities to enhance treatment outcomes for patients suffering from tics are needed.
Notably, despite their efficacy and utility, traditional faceto-face behavioral interventions have some barriers such as
high cost, the shortage of counseling professionals, and restricted implementation of intensive therapies [37,86]. Due to
the recent advancements in information technology, internetbased electronic devices are being actively adopted in the assessment and treatment of psychiatric disorders [86]. For example, virtual-reality (VR), which is a computer-generated
simulation of a three-dimensional environment in which one
can interact in a seemingly real way [87], is being implemented and proving its benefits in multiple psychiatric disorders
such as anxiety disorder, post-traumatic disorder, and psychosis; it is also showing benefits in pediatric psychiatry for attention-deficit/hyperactivity disorder and autism spectrum

disorder [87,88]. Most VR-related interventions are based on
the cognitive-behavioral approach, such as VR-exposure therapy [89]. In addition, VR therapy can provide a realistic environment based on an individual’s needs, with repetitive, consistent, and systematic training. VR therapy help patients to
overcome the barriers induced by face-to-face behavioral
interventions such as high costs and the lack of professional
therapists. However, studies adopting the VR-technique for
treating tic disorder are lacking, compared to its wide use in
other psychiatric disorders, warranting future studies evaluating the VR-technique.
Although pharmacological treatment has showed no stronger efficacy than behavioral therapies [4], it is still important
to consider the combination therapies of pharmacological and
behavioral therapies, because any single treatment option cannot completely relieve the pain the patients with severe tic
symptoms. Moreover, new agents such as the D-cycloserine
have presented promising outcomes when augmenting behavior therapy to enhance the treatment of tics. Thus, further
studies adopting the combination of behavioral and pharmacological therapies including newly introduced medicine [90].

CONCLUSION
The present study reviewed the latest scientific evidence
for the effect of cognitive-behavioral interventions on tic disorders. The cognitive-behavioral therapies including HRT,
CBIT, and ERP are the effective and recommended as the firstline treatment options to improve the tic symptoms. However,
their efficacies are not sufficient to relieve all the tic symptoms completely. Thus, future studies including newer techniques are needed to improve the treatment outcomes for the
patients being suffered from the tics.
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