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Abstract. Tourette syndrome (TS) is a disorder characterised by multiple motor and vocal tics and is frequently associated
with behavioural problems. Tics are known to be affected by internal factors such as inner tension and external factors such
as the surrounding environment. A number of behavioural treatments have been suggested to treat the symptoms of TS, in
addition to pharmacotherapy and surgery for the most severe cases. This review compiled all the studies investigating behavioural
therapies for TS, briefly describing each technique and assessing the evidence in order to determine which of these appear to
be effective. Different behavioural therapies that were used included habit reversal training (HRT), massed negative practice,
supportive psychotherapy, exposure with response prevention, self-monitoring, cognitive-behavioural therapy, relaxation therapy,
assertiveness training, contingency management, a tension-reduction technique and biofeedback training. Overall, HRT is the
best-studied and most widely-used technique and there is sufficient experimental evidence to suggest that it is an effective
treatment. Most of the other treatments, however, require further investigation to evaluate their efficacy. Specifically, evidence
suggests that exposure with response prevention and self-monitoring are effective, and more research is needed to determine the
therapeutic value of the other treatments. As most of the studies investigating behavioural treatments for TS are small-sample or
single-case studies, larger randomised controlled trials are advocated.

Keywords: Tourette syndrome, behavioural treatments, habit reversal training, massed negative practice, supportive psychother-
apy, exposure with response prevention

1. Introduction individual [4]. Co-morbid behavioural problems are re-

ported by about 90% of patients with TS [5]. The most

Tourette syndrome (TS) is a neurodevelopmental
disorder characterised by the chronic presence of mul-
tiple motor and phonic tics, i.e. involuntary movements
and utterances [1,2]. A recent review of the existing
epidemiological studies for TS established that TS is
relatively common, affecting around 1% of school-age
children [3]. Tics vary between patients in terms of
their anatomic location, frequency and severity, and
these factors themselves change over time within the
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common psychiatric co-morbidities include obsessive
compulsive disorder (OCD) [6], attention deficit hyper-
activity disorder (ADHD) [7], affective disorders [8],
impulse control disorders [9] and personality disor-
ders [10]. Neuroimaging studies of subjects with TS
have frequently implicated the basal ganglia and as-
sociated cortices with the disorder, demonstrating re-
duced activity within this area relative to control sub-
jects [11]. Findings suggest that the basal ganglia por-
tions of the striatum and its dopaminergic circuitry
may be the key areas involved in the pathophysiology
of TS, as this is the region regulating motor and be-
havioural expression [12]. As a result of this neuro-
biological model of TS, pharmacotherapy is currently
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the commonest treatment [13], although it tends not
to be used in patients with mild symptoms [14]. A
behavioural model of TS however acknowledges that
tics are susceptible to being affected by environmen-
tal events [15] and can to some extent be controlled
by the individual [16]. Thereby behavioural interven-
tions can also be implemented, especially when med-
ications are found to be ineffective or have intolera-
ble side-effects [13]. These treatments aim to teach pa-
tients strategies to consciously modify their behaviour
to reduce the severity of their tics. Ideally, treatment of
severe TS should include a combination of psycholog-
ical and pharmacological therapies [14]. This review
explores the different behavioural approaches used in
TS and reflects on their relative effectiveness.

2. Methods

A comprehensive electronic literature search was
conducted for this review, in line with the PRISMA
guidelines for systematic literature reviews [17]. The
databases accessed included Pubmed, Ovid, Medline,
PsycInfo and Google Scholar. The following search

LLIY3

terms were used: “Tourette syndrome”, “tics”, “behav-

LT INT3

ioural treatment”, “habit reversal training”, “massed

LEINT3 9

negative practice”, “supportive psychotherapy”, “ex-

ELINNT3

posure with response prevention”, “self-monitoring”,

CEINT3

“cognitive-behavioural therapy”, “relaxation therapy”,
“assertiveness training”, “contingency management”
and “biofeedback training”. The different therapies
were found mainly from reviews evaluating behaviou-
ral treatments for TS, or they were brought up by
the search engines. Reference lists of pertinent articles
were also used to find related studies. Finally, the ta-
bles of contents of the journals which had published
the most literature on the topic were reviewed. These
included Behaviour Research and Therapy, the Journal
of Applied Behavior Analysis, Behavior Modification,
and the Journal of Behavior Therapy and Experimental
Psychiatry.

3. Results

Our systematic literature search found the following
behavioural treatments for TS: HRT, massed negative
practice (MNP), supportive psychotherapy (SP), expo-
sure with response prevention (ERP), self-monitoring
(SM), cognitive-behavioural therapy (CBT), relaxation
therapy (RT), assertiveness training (AT), contingency
management (CM), a tension-reduction technique and
biofeedback training (BT). Table 1 summarises the re-
sults of the studies included in this review.

3.1. Habit reversal training (HRT)

HRT is the most commonly used behavioural treat-
ment for TS, as several studies have proven its clinical
efficacy in reducing tics [18]. HRT is a multicompo-
nent treatment, the main stages of which are recording,
awareness training, competing response practice, habit
control motivation and generalisation training [19]. In
order to prevent a tic from occurring, the patient is
taught how to recognise warning signs such as premon-
itory urges, and to perform a specific competing re-
sponse using antagonistic muscles to the muscles re-
quired to perform the tic [19]. Since its original con-
ception, HRT has become simplified and can usually
be taught in eight 1-hour sessions or less, with no loss
of effectiveness [20]. To date, eight randomised con-
trolled trials (RCTs) [21-28] and 14 single-case stud-
ies [19,29-41] have been conducted investigating the
efficacy of HRT. Carr and Chong [18] assessed 12
studies investigating the use of HRT to treat tics. 94%
of the participants observed tic reductions, most of
which maintained at long-term follow-up assessment,
thus leading to the conclusion that HRT is an effec-
tive treatment for tics. When compared with other be-
havioural treatments, HRT has consistently been found
to be of equal or superior efficacy [13]. The recently
published large RCTs by Piacentini et al. [27] and Wil-
helm et al. [28] alleviated much of the concern regard-
ing the widespread use of small-n designs or group
designs with small samples. The first study was con-
ducted in the United States and included 126 children
and adolescents with moderate to severe TS, who were
randomly assigned to undergo a comprehensive be-
havioural intervention for tics (CBIT: a combination
of tic awareness and HRT) or to be part of the con-
trol group who received supportive psychotherapy (SP)
and education sessions. The CBIT treatment and the
control treatment were delivered in 8 sessions across
10 weeks. The authors reported that about 53% of the
children who received CBIT were judged significantly
improved compared with 19% of those who did not
receive CBIT. Specifically, CBIT gave a significantly
greater decrease in tic severity and improved the psy-
chological, social and school functioning for children
and adolescents compared to the control group. These
effects were maintained after a 6-month follow up for
87% of the children who had initially been responsive
to the treatment. The second study adopted a similar
paradigm, with slightly less positive results, in an over-
all adult sample of 122 patients.



M. Frank and A.E. Cavanna / Behavioural treatments for Tourette syndrome: An evidence-based review 107

Table 1
Summary of studies using behavioural techniques to treat tic symptoms
Study Behavioural ~ No. Age range or Diagnosis Type of Results
technique(s)  participants mean age (years) study
Azrin and HRT 12 5-64 Tic disorder ~ Single-case  Tics were reduced by 99% after 3
Nunn 1973 studies weeks of HRT. This was maintained
at 7-month follow-up.
Finney et al. HRT 2 11-12 Tic disorder ~ Single-case  Tics were reduced to low levels at
1983 studies the end of treatment, and this was
maintained at 12-month follow-up.
Azrin and HRT 3 28-42 TS Single-case  HRT reduced tic severity by 64—
Peterson studies 99% at home and by 93-95% in the
1988 clinic.
Sharenow et HRT 3 32-66 Tic disorder ~ Single-case =~ HRT produced significant reduction
al. 1989 studies in tic expression in all subjects. This

was maintained at 1-year follow-up
in 2 patients (the 34 was lost to

follow-up).
Woods et al. HRT 4 8-12 Tic Single-case  Tic frequency decreased in all par-
1996 disorders, studies ticipants. This was maintained at
TS, ADHD follow-up (10 to 17 weeks post-

treatment) (except for one partici-
pant who was lost to follow-up).

Azrin and HRT 10 6-36 TS Single-case  Tics were reduced by 93% at the
Peterson studies end of HRT treatment.

1990

Carr and Bai- HRT 1 9 TS Single-case  Tics were reduced by almost 70%.
ley 1996 study This was maintained at 1-month

follow-up.

Carr et al. HRT 2 12 TS Single-case  No change in tic expression was
1996 studies found, however it turned out that the

participants were not carrying out
the treatment as instructed.

Clarke et al. HRT 4 11-16 TS Single-case 3 of the 4 participants showed sig-

2001 studies nificant decreases in tic frequency,
and | participant showed mild de-
creases, within a school setting.
These results were maintained at
10-week follow-up.

Woods et al. HRT 5 10-13 TS Single-case ~ Vocal tics were reduced by 82%

2003 studies overall, and there was no increase
in motor tics. These results were
maintained in 3 participants at 3-
month follow-up.

Miltenberger ~ HRT vs. N =4 9-60 Tic disorder ~ RCT Tic expression was significantly re-
et al. 1985 simplified (HRT) duced in all subjects receiving sim-
HRT vs.n =135 plified HRT, and in 3 of 4 subjects
(simplified receiving full HRT.
HRT)
Azrin et al. HRT vs. N =10 16-62 Tic disorder ~ RCT 18-month follow-up showed a 97%
1980 MNP (HRT) vs. reduction in tics for the HRT group
n=12 vs. a 30% reduction for the MNP
(MNP) group.
Wilhelm et HRT vs. SP N =16 36.2 (HRT) vs. TS RCT Tic severity decreased significantly
al. 2003 (HRT) vs. 33.2 (SP) in the HRT group. This was main-
n = 13 (SP) tained at 10-month follow-up. SP
was not found to reduce tic severity.
Deckersbach HRT vs. SP N =15 36.6 (HRT) vs. TS RCT Both treatments improved life-
et al. 2006 (HRT) vs. 33.6 (SP) satisfaction and psychosocial func-
n =15 (SP) tioning at 6-month follow-up. HRT

alone reduced tic severity.
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Table 1, continued

Study

Behavioural
technique(s)

No.
participants

Age range or
mean age (years)

Diagnosis

Type of
study

Results

Piacentini et
al. 2010

Wilhelm et
al. 2012

Verdellen et
al. 2004

O’Connor et
al. 1997

Ollendick
1981

Peterson and
Azrin 1992

Woods and
Twohig 2002

Feldman and
Werry 1966

Nicassio et
al. 1972

Knepler and
Sewall 1974

Lahey et al.
1973

HRT vs. SP

HRT vs. SP

ERP vs.
HRT

HRT vs.

CBT

SM and

HRT

HRT, SM
and RT

HRT and
CM

MNP

MNP

MNP

MNP and
CM

N =61
(HRT) vs.
n = 65 (SP)

N =63
(HRT) vs.
n =59 (SP)

N =21
(ERP) vs.

n =22
(HRT)

N =17
(HRT) vs.

n =7 (BCT)

11.6 (HRT) vs.
11.7 (SP)

31.6 (HRT) vs.
31.5 (SP)

22 (ERP) vs.
19.2 (HRT)

23-49

9-11

7-16

22-33

20

TS or
chronic tic
disorder

TS or
chronic tic
disorder

TS (6 with
OCD and
13 with
ADHD)

Tic disorder

Tic disorder

TS

Tic disorder

Tic disorder

Tic disorder

Tic disorder

TS

RCT

RCT

RCT

RCT

Single-case

studies

Single-case

studies

Single-case
studies

Single-case
study

Single-case
studies

Single-case
study

Single-case
study

Tics were significantly improved in
53% of the patients who received
HRT vs. 19% of those who received
SP. These effects were maintained
at 6-month follow-up for 87% of the
patients who had initially been re-
sponsive.

Tics were significantly improved in
38% of the patients who received
HRT vs. 6% of those who received
SP. These effects were maintained
at 6-month follow-up for 80% of
the patients who were available for
follow-up.

Both groups showed reductions in
YGTSS and tic frequency at 3-
month follow-up. There was no sig-
nificant difference between groups.

At 3-month follow-up, both groups
showed reduced tic frequency, in-
creased control over the tic and
lower EMG level. There was no sig-
nificant difference between groups.

SM (SM plus HRT in one case) re-
duced tic frequency to near-zero.
This was maintained at 1-year
follow-up.

Tics were reduced by 55% with
HRT, 44% with SM and 32% wit
RT. These reductions are signifi-
cant from baseline, but none of the
treatments are significantly differ-
ent from the others.

Tic frequency decreased to low lev-
els in 2 participants and this was
maintained at 3-month follow-up.
One participant’s tics did not im-
prove due to non-compliance. CM
was added to the treatment but this
was ineffective.

Tic frequency increased dramati-
cally during treatment period and
decreased to baseline levels after
therapy.

One patient’s tics were eliminated
and this was maintained at 18-
month follow-up. The second pa-
tient’s tics did not change signifi-
cantly.

53% reduction in tics at baseline,
95% reduction at 3 month follow-
up, > 98% reduction at 6-month
follow-up.

MNP decreased tic frequency by
half, and CM decreased tic fre-
quency even more. These results
did not seem sustainable following
treatment.
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Table 1, continued

Study Behavioural ~ No. Age range or Diagnosis Type of Results
technique(s)  participants mean age (years) study
Frederick MNP and 1 Middle-aged Hysterical Single-case  Treatment eliminated the tics com-
1971 RT neurosis study pletely. This was maintained at 9-
associated month follow-up.
with tics
and blepha-
rospasm
Canavan and ~ MNP and 1 24 TS Single-case =~ MNP was found to be ineffective
Powell 1981 RT study and even increase tic frequency.

RT failed to produce any signifi-
cant long-term reduction in tic fre-

quency.
Turpin and MNP and 3 27-36 TS Single-case  Treatments provided no long-term
Powell 1984 RT studies tic reduction, except RT which pro-

duced a moderate decrease in tic
frequency in one patient.

Crawley and MNP and 1 53 Tic disorder ~ Single-case  Tic frequency increased during
Powell 1986 RT study MNP and RT.

St James- MNPvs.RT 1 45 Tic disorder ~ Single-case =~ MNP was found to be significantly
Roberts and study more effective than RT at decreas-
Powell 1979 ing tic frequency.

Tophoff MNP, RT 1 13 TS Single-case ~ Complete disappearance of tics,
1973 and AT study maintained at 4-month follow-up.
Hoogduin et ERP 4 12-30 TS Single-case  ERP caused tic reduction at follow-
al. 1997 studies up in 3 patients (15%-99%) but one

patient relapsed completely at 2-
month follow-up after baseline im-
provement of 60%.

Meidinger et ERP 6 7-20 TS Single-case  There was no rebound effect on tic
al. 2005 studies frequency following ERP sessions.
Wetterneck ERP 1 11 TS Single-case  Treatment reduced repetitive be-
and Woods study haviours but effects were not main-
2006 tained at 3-month follow-up.
Verdellen et ERP 20 224 TS Prospective  Prolonged tic suppression in ERP is
al. 2007 study not followed by an increase of tics
to release tension.
Verdellen et ERP 19 7-55 TS Prospective ~ Decrease in severity of the premon-
al. 2008 study itory sensation before a tic was as-
sociated with a decrease in tic fre-
quency.
Thomasetal. SM 1 18 TS Single-case ~ SM was found to reduce vocal tics
1971 study dramatically, and to reduce motor
tics.
Hutzell et al. SM 1 11 TS Single-case  Tic frequency was reduced at 1-year
1974 study follow-up.
Billings SM 1 17 Tic disorder ~ Single-case =~ SM was found to reduce, although
1978 study not eliminate, frequency and inten-
sity of tics at 6-month follow-up.
Wright and SM 1 19 Tic disorder ~ Single-case  Tic frequency decreased to an ex-
Miltenberger study tent that they were no longer very
1987 noticeable to other people. This was
maintained at 1-, 2-, 4- and 8-month
follow-up.
Savicki and SMandCM 1 17 TS Single-case ~ Vocal tics were reduced to an ac-
Carlin 1972 study ceptable level during treatment, but

returned at high level at 10-week
follow-up, after which treatment
was discontinued.
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Table 1, continued

Study

Behavioural
technique(s)

No.
participants

Age range or
mean age (years)

Diagnosis

Type of
study

Results

Varni et al.
1978

O’Connor et
al. 2009

O’Connor et
al. 2001

O’Connor et
al. 2008

Zarkowska et
al. 1989

Michultka et
al. 1989

Bergin et al.
1998

Friedman
1980

Miller 1970

Rosen and
Wesner 1973

Schulman
1974

Watson and
Sterling 1998

SM and CM

CBT

CBT vs.
waitlist

CBT vs.
waitlist

RT

RT

RT vs. mini-
mal therapy

RT and CM

CM

CM

CM

CM

1

N =23
(medication)
vs.n =53
(no medica-
tion)

N =52
(CBT) vs.
38 (waitlist)

N =173
(CBT) vs. 37
(waitlist)

N =17 (RT)
vs.n =9
(minimal
therapy)

7

43.2 (medica-
tion) and 40.5
(no medication)

39.1 (chronic tic
disorder) and
37.1 (habit
disorder)

38.9 (tic disor-
der), 36.9 (habit
disorder), 37.6
(control)

11.8

Tic disorder,
LD and hy-
peractivity
TS and
other tic
disorders

Tic disorder
and habit
disorder

Tic disorder,
habit disor-
der and
healthy con-
trols

TS,LD

TS

TS, ADHD

TS

TS

TS

Tic disorder

Tic disorder

Single-case
study

Controlled
trial

RCT

RCT

Single-case
study

Single-case

study

RCT

Single-case
study

Single-case
study

Single-case
study

Single-case
study

Single-case
study

Tics were eliminated. This was
maintained at 32-week follow-up.

CBT was found to improve clini-
cal variables (tic severity and fre-
quency, anxiety, depression) in both
medicated and unmedicated groups.
There was no significant difference
in outcome between the two groups.

Participants receiving treatment sh-
owed significant decrease in tic se-
verity and frequency, and increased
control over tics. At 2-year follow-
up, 52% of the sample reported 75—
100% control over ticcing.

CBT was found to significantly im-
prove motor skills compared with
waitlist control. Improved motor
skills appeared to be related to in-
creased control over tic behaviour,
and decreased tic frequency, over-
activity and overpreparation in tic
disorders.

Tic frequency was reduced during
treatment sessions but effects were
not maintained outside of sessions.

Distress, tic frequency and tic inten-
sity were reduced. This was main-
tained in the 4-week post-treatment
phase.

At 3-month follow-up, a trend to-
wards improvement in tic expres-
sion was noted in both groups,
however there were no significant
improvements in behavioural mea-
surements. There was no significant
difference between the groups.

Coprolalia improved significantly
and motor tics improved slightly
but remained problematic. Results
were maintained at 4- and 18-month
follow-up.

Tics diminished in the home en-
vironment where contingency was
enforced. CM was then successfully
implemented at school. This was
maintained at 18-month follow-up.

Tics were almost completely elimi-
nated in a classroom setting where
the contingency management was
pursued, but remained problematic
in the home where the therapy was
not used.

Tics were eliminated by 11 weeks
of treatment but returned post-
treatment.

Tic rate was reduced to zero. This
was maintained at follow-up.
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Table 1, continued

Study Behavioural ~ No. Age range or Diagnosis Type of Results

technique(s)  participants mean age (years) study
Scotti et al. CM 1 32 TS + LD Single-case  Escape extinction combined with
1994 study mild disapproving statements (two

items identified as reducing tic ex-
pression in the initial assessment)
were not found to reduce tic be-

haviour.
Wagaman et CM 1 9 Tic disorder ~ Single-case ~ Tic behaviour was decreased to
al. 1995 study zero. This was maintained at 50-
week follow-up.
Carr et al. CM 1 11 Tic disorder  Single- Tics were present in all classroom
1996 case study  situations, but were especially high
(observa- in “escape” situations (negative re-
tional) inforcement).
Roane et al. CM 1 22 Autism and  Single-case  Vocal tics were maintained by au-
2002 TS study tomatic reinforcement (being alone

in a room with no stimuli). Pref-
erence assessment (being given ob-
jects depending on the subject’s
preference) did not reduce tic ex-

pression.

Himle and CM 7 8-12 TS Prospective ~ Rebound effect occurred in only 1

Woods 2005 study of 7 participants.

Packer 2005 CM 71 11.1 TS Cross- Aversive consequences results in
sectional worsened tic symptoms, whereas
study positive reinforcement for modify-

ing a behaviour improved tic symp-
toms.

Himle et al. CM 5 8-17 TS Single-case 4 of the participants could suppress

2007 studies tics, and 3 of these reported greater

premonitory urges than when they
were free to tic.

Woods and CM vs. ver- 4 9-11 TS Single-case ~ Verbal instructions produced a
Himle 2004 bal instruc- studies 10.3% reduction in tic occurrence
tions compared with DRO (differen-

tial reinforcement of zero-rate
behaviour) which produced a

decrease of 76.3%.
Himle et al. CMvs.non- 4 8-10 TS, tic dis-  Single-case 3 of the 4 children demonstrated
2008 contingent order studies tic suppression in DRO compared
reinforce- to baseline. 1 child demonstrated
ment tic suppression during noncontin-
gent reinforcement.
Mansdorf AT 1 10 Tic disorder ~ Single-case  1-year follow-up showed total re-
1986 study mission from tic symptoms.
Evers and Tension- 2 35-40 Tic disorder ~ Single-case  Tic was eliminated in one case and
Van de reduction studies reduced in the other. These changes
Wetering technique were maintained at 3- and 4-month
1994 follow-up, respectively.
Nagai et al. BT 15 29.7 TS Prospective ~ Biofeedback relaxation training
2009 study causes a reduction in tic frequency,

whereas biofeedback arousal
training caused an increase in tic
frequency.

Abbreviations: HRT, habit reversal training; MNP, massed negative practice; SP, supportive psychotherapy; ERP, exposure with response preven-
tion; CBT, cognitive-behavioural therapy; SM, self-monitoring; RT, relaxation therapy; CM, contingency management; AT, assertiveness train-
ing; BT, biofeedback training; TS, Tourette syndrome; OCD, obsessive compulsive disorder; ADHD, attention deficit hyperactivity disorder; LD,
learning disability; RCT, randomised controlled trial.
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3.2. Massed negative practice (MNP)

MNP is based on the notion that over-use of a tic un-
der conditions of massed practice (for instance telling
the patient to voluntarily perform a tic for half an hour)
leads to the disappearance of that tic through a pro-
cess called reactive inhibition [42]. Results for the effi-
cacy this method were inconsistent, with some studies
reporting a decrease in tic frequency [21,43-49] and
others an increase [50-52]. It has been suggested that
this variability could depend on patient characteristics,
with anxious patients being more susceptible to tic in-
crease in MNP [52]. Overall, MNP appears to be a less
effective strategy then HRT for the clinical treatment
of TS.

3.3. Supportive psychotherapy (SP)

SP is a conversation-based treatment which focuses
on problem solving and reflecting about current life
issues [24]. Three studies have evaluated the efficacy
of SP versus HRT in the treatment of patients with
TS [24-26]. Wilhelm et al. [24,25] found that children
and adults HRT groups improved significantly com-
pared to the SP group with regards to both tic sever-
ity and functional impairment. Deckersbach et al. [26]
confirmed these findings, but also found that SP was as
effective as HRT in improving life satisfaction and psy-
chosocial functioning. It has thereby been suggested
that SP may be used as an adjunct treatment for in-
dividuals with TS, especially for those who do not
achieve satisfactory tic reduction with HRT [26]. Over-
all, the current evidence on SP is inconclusive, espe-
cially with regards to the possibility that SP may do no
better than a wait-list control, which controls for wax-
ing and waning of symptoms (a comparison that, to the
best of our knowledge, has not been conducted yet).

3.4. Exposure with response prevention (ERP)

In ERP, patients are asked to suppress their tics for
prolonged periods of time. It is hypothesised that in
this way they are exposed to the premonitory sensa-
tions (premonitory urges or “sensory tics”) associated
with tic expression, and begin to habituate to them,
thus causing the urge to produce a tic to diminish [53].
Verdellen et al. [54] found that the premonitory urges
decreased in severity during ERP, along with a de-
crease in tic frequency, thus supporting this hypoth-
esis. Verdellen et al. [25] compared the efficacy of
ERP to HRT in 43 patients with TS. Both treatments

were found to be equally effective in the treatment of
tics, however the long-term effects could not be estab-
lished as 12 participants dropped out from the 3-month
follow-up. However, it has to be noted that the ERP
group received twice as much therapy time as the HRT
condition, which could have explained the lack of a
difference in therapeutic effects. Two single-case stud-
ies including a total of five patients found the treat-
ment to be effective, although booster sessions were
recommended to maintain treatment effects [53,55].
Two studies were carried out testing for the rebound ef-
fect post-ERP treatment, whereby tic frequency should
increase after an ERP session [56,57]. Neither study
demonstrated a rebound effect, thus supporting the the-
ory that patients learn through ERP that the premoni-
tory sensation can be tolerated to some extent, and that
there is no need to release tension afterwards [S7]. ERP
is currently considered to be an efficacious treatment
for TS, although long-term effects need to be deter-
mined.

3.5. Self-monitoring (SM)

SM requires the patient to acknowledge every tic
that he or she produces, for instance by recording it on
a counter [35]. This strategy is intended to result in tic
reduction through increasing the patient’s awareness of
the tics he or she is emitting [58]. Eight studies have
reported the use of SM in TS. Seven of these were case
studies [29,59-64]. Varni et al. [63] used SM in com-
bination with contingency management), whilst Peter-
son and Azrin [35] compared SM to HRT and relax-
ation training in 6 patients. Methods sometimes var-
ied between studies. Techniques used included record-
ing tic occurrence on wrist counters or notebooks [60,
64], or acknowledging tic occurrence verbally [63].
Some studies were limited by the fact that they re-
lied of participants to monitor their tics accurately, but
some sought the confirmation of external observers
(e.g. family members). All of the studies found that
SM resulted in a significant reduction of tics, and Pe-
terson and Azrin [35] found the treatment to be some-
what less effective than HRT (44% tic reduction ver-
sus 55%). One patient reported an increase in his tics
during SM [35]. This exacerbation was apparently due
to his attention being constantly drawn to them. In one
of the studies, the patient relapsed to original tic fre-
quency at 10-week follow-up [60]. Finally, there is the
possibility that increasing awareness of a behaviour
and SM are two different processes and that the latter
may actually function as a competing response to tics.
Overall, SM is potentially an efficacious treatment for
TS, but more research is needed to confirm this.
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3.6. Cognitive-behavioural therapy (CBT)

Four studies have investigated the use of CBT in
the treatment of TS and other tic disorders [23,65—
67]. All of these studies were carried out by the same
Canadian research team. The CBT treatment process
followed the principle stages of HRT [19], but in ad-
dition addresses the patients’ approach to tic situa-
tions in a cognitive and behavioural manner, encour-
aging them to anticipate and appraise high-risk tic sit-
uations [65]. A relatively small-sample study (n = 7
in each group) found CBT to be as effective as HRT
in helping patients to gain control over their tics [23].
Subsequent studies found that CBT was effective in
controlling tics [65] and improving skilled motor per-
formance [66], independent of whether or not patients
were taking medication for their tics [67]. Although
a cognitive approach may not be essential in order to
treat tics, it appears to facilitate the process [23].

3.7. Relaxation therapy (RT)

RT, where patients are taught to apply a relaxation
technique in high-risk tic situations, has been hypoth-
esised to be effective in treating TS, as tics are gener-
ally thought to be exacerbated by anger, anxiety and
excitement, and are less noticeable in periods of relax-
ation [68]. The research that has been made into RT
as a treatment for TS is mainly limited to single case
studies or very small sample studies [35]. Initial results
demonstrated improvements in tic symptoms [35,43,
46,69,70], however the efficacy of the treatment was
often found to be of short duration and patients were
prone to relapsing shortly after the therapy ended [51,
52,68,71]. The largest and most recent study investi-
gating RT as a treatment for TS, involving a sample of
7 patients in the RT treatment group, concluded that
RT is of limited efficacy in the treatment of tics [68].

3.8. Assertiveness training (AT)

In the treatment of a disorder like TS, it is impor-
tant to take into account external as well as internal
factors. AT does not focus on the tics themselves but
attempts to teach the patient how to respond to their
external environment in an assertive manner instead of
“resorting” to their tics [46]. Two studies have used
this technique in children (one with TS and one with
another tic disorder) whose tics were often preceded
by an unassertive behaviour [46,72]. In both cases the
treatment was found to be effective. These cases high-
light the need to take social situations and patients’ per-
sonalities into account during treatment for TS.

3.9. Contingency management (CM)

CM follows the assumption that modifying contex-
tual factors can influence tic expression [73]. A num-
ber of studies have investigated the impact that the con-
sequences of producing a tic have on tic expression.
Overall, the studies found that positive consequences
for withholding a tic decreased tic frequency [63,69,
74-81]. Negative consequences such as reprimands
tended to increase tic frequency, indicating that draw-
ing attention to a tic reinforces it [60,79,82—-84]. A
negative reinforcement effect on tics was also demon-
strated in a few studies, with increases in tic frequency
during escape/avoidance situations [45,82,84,85] and
premonitory urge conditions [86]. Many of these stud-
ies were carried out in laboratory settings, thus limiting
their applicability to real-life situations. In the studies
where CM was used as a treatment, long-term effects
were found to be variable. In some instances, treat-
ment was deemed to be effective [74,77]. Other stud-
ies however found that tics increased to baseline lev-
els when the contingency was not in effect [75,76,84,
85]. Himle and Woods [80] investigated the presence
of a rebound effect in children told to suppress their
tics in a contingency setting, however no rebound ef-
fect was found. Because all but one of the studies [79]
were single-case studies or had a small sample size,
and the methods used were variable, it is difficult to
generalise these findings. However it is suggested that
in instances where it is possible to modify external fac-
tors on a permanent basis (e.g. by instructing parents to
reward children for not producing a tic), there is poten-
tial for CM in improving the symptoms of TS. It may
be more difficult to implement CM in settings other
than the patient’s home, such as schools.

3.10. Tension-reduction

Evers and Van de Wetering [87] suggested a tension-
reduction treatment for tics, based on the notion that
tics are a tension-reducing response to a specific sen-
sory stimulus. The sensory stimulus had to be identi-
fied, and the patient was then taught an alternative re-
sponse to the stimulus. In this preliminary study, this
technique was shown to reduce tic expression in two
patients.

3.11. Biofeedback training (BT)

BT is a psychophysiological treatment which has
shown promise in the management of treatment-resis-
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tant epilepsy [88]. In biofeedback, a covert physio-
logical response, such as heart rate, galvanic skin re-
sponse (GSR), or brain wave pattern, is presented to
the participant as online (visual or auditory) feedback,
allowing the participant to learn actively to modify
the physiological process [89]. Nagai et al. [89] con-
ducted a study investigating how changes in sympa-
thetic arousal affected tic frequency in patients with
TS, as a preliminary study to determine the potential
for BT as a treatment for TS. Participants attended two
sessions of BT, one inducing physiological relaxation,
and the other, physiological arousal. Tic frequency was
found to be significantly lower during the relaxation
session, and higher during the arousal session. It is thus
hypothesised that biofeedback relaxation training may
potentially be used as a treatment for TS.

4. Discussion

This review explored the various existing behaviou-
ral treatments that have been used to treat TS. Ap-
proaches used were diverse, including techniques to
counter tic occurrence, changing patients’ outlook on
the condition, and even modification of external fac-
tors. The review found that out of all the behavioural
therapies in the treatment of TS, HRT is by far the
best studied. All research papers concluded that HRT
is an effective treatment for the disorder, with good re-
sults at follow-up [18]. Evidence for the effectiveness
of the other treatments is generally limited to a few
case-studies and small-sample studies. This is an im-
portant limitation in the review as administrations of
the same treatment tended to vary between studies, es-
pecially CM. ERP and SM appear to be effective treat-
ments for tics, whereas MNP and RT produced con-
tradictory findings suggesting that they were not effi-
cacious. SP, CBT and AT are likely to be found use-
ful as adjunct therapies rather than treatments in their
own right. CM has the potential to be effective, pro-
vided that it is implemented in a way that suits the indi-
vidual. A tension-reduction technique tested in two pa-
tients showed potential therapeutic benefit. Recently, a
study investigated the possibility of using biofeedback
training to treat tics.

It is worthwhile considering the use of behavioural
treatments in patients with TS, instead of or as well as
pharmacotherapy, as they have several advantages. A
relatively short course of behavioural therapy has the
potential benefit of producing long-lasting remission
from tics [90], whereas medications need to be taken

indefinitely. Furthermore, drugs carry the potential dis-
advantages of side effects, non-compliance and unre-
sponsiveness [91]. Behavioural interventions can pro-
vide large reductions in tic frequency, not inferior to
pharmacological treatment and in some cases border-
ing total remission [90]. The variable efficacy of be-
havioural treatments in different patients highlights the
need to take individual patient characteristics into ac-
count.

As many of the studies conducted were single-case
studies, further research is still needed to determine
various aspects of the different therapies and their rel-
ative efficacy in different patients. Studies are needed
for instance to compare the efficacy of the treatments
between patients with different severities of TS (e.g.,
in order of severity, “pure TS” vs. “full-blown TS” vs.
“TS-plus”) [92], and which behavioural techniques are
best suited to each subset of patient. More follow-up
studies are required to determine the long-term effects
of the treatments. Regression analyses or qualitative
studies could help to identify predictors of response
and compliance. Finally, the multifaceted clinical phe-
nomenology of TS highlights the need for research us-
ing comprehensive outcome measures, including mul-
tidimensional disease-specific patient-report measures
of health-related quality of life [93].

Although our understanding of the effectiveness of
behavioural therapies for TS is largely incomplete, re-
search so far has shown that there is vast scope for the
use of these treatments either as alternatives, or adjunct
to the traditional pharmacological treatments. From a
conceptual point of view, a few questions remain unan-
swered. For example, how is ERP really different from
HRT when patients engage in a competing response
and “expose” themselves to the urge or uncomfortable
sensation that then goes away after a while? It is es-
sential to pursue research into this area as behavioural
techniques may have the potential to make substantial
improvement to the health-related quality of life of pa-
tients with TS. Future research needs to address better
the role of single and multi-component interventions,
as some behavioural techniques covered in this review
article have become part of multi-component interven-
tions. For example, AT has become an integrative part
of CBITS, which was tested in both children [27] and
adults [28]. Likewise, CBT interventions in the stud-
ies by O’Connor et al. [23,65-67] included HRT and
showed results matching with those from studies on
HRT [94]. In a way, one of the most relevant ques-
tions that remains is not so much whether a partic-
ular behavioural technique such as HRT is effective,
but whether the additional CBT treatment components
added value.
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