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Abstract
Background Tourette syndrome (TS) is a neurodevelopmental condition characterized by the presence of multiple motor and
phonic tics, often associated with co-morbid behavioural problems. Tics can be modulated by environmental factors and are
characteristically exacerbated by psychological stress, among other factors. This observation has led to the development of
specific behavioural treatment strategies, including relaxation therapy.
Objective This review aimed to assess the efficacy of relaxation therapy to control or reduce tic symptoms in patients with TS.
Methods We conducted a systematic literature review of original studies on the major scientific databases, including Medline,
EMBASE, and PsycInfo, according to the standards outlined in the Preferred Reporting Items for Systematic Reviews andMeta-
Analyses (PRISMA) guidelines. Outcomes measures included both tic severity and tic frequency.
Results Our literature search identified three controlled trials, with a total number of 40 participants (range: 6–18 participants). In
all three studies, relaxation therapy decreased the severity and/or the frequency of tic symptoms. However, the only trial
comparing relaxation therapy to two other behavioural techniques found relaxation therapy to be the least effective intervention,
as it reduced the number of tics by 32% compared to 44% with self-monitoring and 55% with habit reversal.
Discussion The results of this systematic literature review provide initial evidence for the use of relaxation therapy as a behav-
ioural treatment intervention for tics in patients with TS. Caution is needed in the interpretation of these findings, because the
reviewed trials had small sample sizes and there was high heterogeneity across the study protocols.
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Introduction

Tourette syndrome (TS) is a neurodevelopmental disorder
characterized by the chronic presence of motor and phonic
tics. Tics are defined as sudden, involuntary, repetitive, non-
rhythmic movements (motor tics) or vocalizations (phonic
tics) [1, 2]. Tics are preceded by sensory experiences referred
to as ‘premonitory urges’ and are modulated by environmental
factors [2, 3]. Based on clinical observations, stress has long
been associated with tic exacerbations, contributing to the

characteristic ‘waxing and waning’ course of TS [4].
Specifically, the results of multiple studies have suggested
the existence of a relationship between tic severity and both
psychological stress [5, 6] and physical stress [7, 8].
Moreover, self-report measures of patients with TS have
pointed towards a correlation between tic frequency and daily
life stress [9]. From the neurobiological point of view, there is
evidence of overactivation of the hypothalamic-pituitary-
adrenal axis in patients with TS [10]. In consideration of these
findings, a number of behavioural treatment interventions
targeting patients’ stress have been implemented in order to
decrease tic severity and frequency [11].We set out to conduct
a systematic literature review on the effectiveness of relaxa-
tion therapy in controlling or reducing tics in patients with TS
compared to other treatment types or no treatment. We aimed
to fill an important gap in our knowledge about TS, as infor-
mation about the effectiveness of relaxation therapy can in-
form clinicians about the choice of appropriate treatment in-
terventions for patients with tics.
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Methods

This systematic literature reviewwas conducted in accordance
with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [12], used in con-
junction with the Explanation and Elaboration document [13].
We included in our review all studies using a form of relaxa-
tion therapy as the main treatment intervention for tics in pa-
tients with a diagnosis of TS or other persistent tic disorders.
The relaxation therapies included were those in which indi-
viduals were taught a specific relaxation technique by a clini-
cian or expert: relaxation training, hypnosis and/or relaxation
with mental imagery, yoga, and mindfulness based stress re-
duction [14]. Studies using behavioural interventions that
were not predominantly based on muscular relaxation were
excluded, as well as studies that did not specify the details of
the relaxation technique. Studies using Habit Reversal
Training were also excluded, as relaxation training is not the
core element of this behavioural technique for tic control. We
included both studies using another form of behavioural ther-
apy as comparator and studies using no comparator. The out-
comes of interest were the severity and frequency of tics,
assessed with validated measures.

The searches were conducted on five databases:
MEDLINE, Embase, PsycInfo, and NCBI PubMed. The
search terms were as follows: ‘Tourette*’ OR ‘Tic*’ AND
‘Relaxation’ OR ‘Stress reduction’ OR ‘Stress relief’. For
comprehensiveness, the reference lists of eligible articles were
also screened to identify any relevant articles. Google scholar
was used to search for the grey literature. Since a few of the
reviewed studies were published in the same scientific
journals, the contents of the ‘Journal of Behavior Therapy
and Experimental Psychiatry’ and ‘Behaviour Research and
Therapy’ were manually searched for any further relevant ar-
ticles. We limited our search to articles published in English
language, but there were no chronological, geographic, or
demographic limitations to the inclusion of studies. Both qual-
itative and quantitative study designs were included for re-
view. We excluded studies in which medications were used,
including anti-anxiety agents, muscle relaxants, and alpha-2
adrenergic agonists, which modulate noradrenaline signalling,
a neurotransmitter normally produced in response to stress
[15–17]. The Crowe Critical Appraisal Tool (CCAT) was used
to assess the quality of the selected studies, and any studies
scoring less than 30%were excluded from the review [18, 19].

Results

Our systematic literature search yielded a total of 53 articles,
after removal of duplicates. Of these, 13 were considered rel-
evant to the review and their full texts were inspected. A
further two studies were excluded because the English full

text was not available; one study was excluded because its
participants did not have a formal diagnosis of TS or other
persistent tic disorders [20]. One study retrieved by manually
searching the contents of relevant journals was excluded as it
focused on a different behavioural technique for tic control
(massed practice) [21]. A total of 10 results met all the inclu-
sion criteria. This methodology is displayed in the flow dia-
gram (Fig. 1).

Three original studies on relaxation therapy as a treatment
for tics were included in the present review (Table 1): a ran-
domized controlled trial involving 16 participants with a di-
agnosis of TS in which relaxation training was compared to a
control arm of relaxation involving music and sitting quietly
[23]; a single arm study involving 18 participants on
mindfulness-based stress reduction consisting of sitting med-
itation, walking meditation, yoga, and body scan [22]; a con-
trolled trial in which 6 participants received three different
behavioural interventions [24]. As the studies had different
comparators and outcome measures, a meta-analysis could
not be performed [25].

A further seven articles presenting individual case studies
and case series were included in the review for separate qual-
itative analysis (Table 2).

Discussion

We conducted a systematic literature review on the effective-
ness of relaxation therapy as a treatment for tics in patients
with TS, retrieving three original studies that recruited a total
of 40 participants. In each of the three controlled trials includ-
ed in the present review, relaxation therapy decreased the se-
verity and/or the frequency of tics in the study population,
therefore supporting its use in patients with TS. However,
the only trial comparing relaxation therapy to two other be-
havioural techniques for tic control found relaxation therapy
to be the least effective intervention, as it reduced the number
of tics by 32%, compared to 44% with self-monitoring and
55% with habit reversal [24]. Moreover, one of the reviewed
trials did not show a statistical difference between the expert-
taught relaxation intervention arm and the control group [23].
In this study, both the intervention group and the control group
received a form of relaxation training and both groups report-
ed an improvement, although the participants in the control
group were not taught a recognized technique for relaxation.
The findings of the third study showed a significant improve-
ment in tic severity, however in this trial there was no control
group or comparator, resulting in increased risk of bias and
decreased reliability [22].

Four of the seven single case studies and case series on the
effectiveness of relaxation therapy supported its use for the
treatment of tics. Specifically, 7 of the 12 cases (58%) indi-
vidually described in the literature reported positive results.
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One of the participants included in a case series dropped out
before follow-up assessment; however, she had reported an
initial improvement before she dropped out [33]. Overall,
the reviewed case studies and case series supported the use
of relaxation therapy, although the level of evidence was rel-
atively low, leading to a large margin of error.

Relaxation therapy is currently used as a component of
recommended behavioural treatments for tics, such as Habit
Reversal Training and the wider Comprehensive Behavioral
Intervention for Tics [30, 34, 35]. Although the exact effect of
relaxation therapy in combination with other techniques is still
unclear, our findings suggest that relaxation therapy might
play an important role within multi-component treatment in-
terventions. However, it is worthy of note that in one of the
reviewed trials [23], the taught relaxation therapy had no sta-
tistical benefit over the control group, in which participants
were simply told to relax. This could indicate that although
relaxation is effective per se, it is not the expert-taught tech-
niques or the hypnotherapy protocol which is beneficial, but
simply taking the time to consciously relax the body on a
regular basis. These observations could have practical clinical
relevance, in consideration of the lack of trained therapists as a
limiting factor for the implementation of behavioural treat-
ment interventions on a larger scale [36].

As TS often presents with co-morbid conditions such as
obsessive-compulsive disorder and attention-deficit and

hyperactivity disorder [37, 38], it would be important to assess
the effectiveness of relaxation therapy as a possible treatment
intervention for TS-related conditions. The presence of co-
morbid behavioural symptoms has been shown to have far-
reaching consequences in terms of patients’ health-related
quality of life [39, 40]. The results of three recent randomized
controlled trials have suggested that cognitive behavioural
therapy is more effective than relaxation therapy for the treat-
ment of both obsessive-compulsive disorder [41, 42] and
attention-deficit and hyperactivity disorder [43].

The present systematic literature review has limitations. The
reviewed controlled trials had relatively small sample sizes, as
well as heterogeneous study protocols, resulting in increased
risk of bias and limited generalizability of the findings.
Moreover, the majority of the studies included in the review
were older, the oldest having been published in 1978, meaning
there may be some discrepancy in validity between studies. The
diagnostic criteria for TS have changed over time, raising the
possibility that the results of some of the older studies might not
be transferable or reproducible in patients who were diagnosed
more recently [44]. Finally, the reviewed narrative case studies
have a higher risk of both publication bias and sampling bias,
because of the selective attention to patients who have proven
unresponsive to other treatment interventions.

Further research is needed to establish whether relaxation
therapy is an effective treatment intervention for tics in the

Fig. 1 PRISMA flow diagram
outlining the identification,
screening, assessment for
eligibility, and inclusion of studies
in the present review
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general population of patients with TS. Larger randomized
controlled trial comparing relaxation therapy to a control of
minimal treatment would be useful to understand whether
relaxation therapy is an effective intervention either in isola-
tion or in conjunction with other types of behavioural therapy
currently in use. Other areas for future research include the
evaluation of the efficacy of relaxation therapy in comparison
to other behavioural treatments and the identification of pa-
tient groups who are most likely to benefit from relaxation
therapy, based on age, tic severity, presence of co-morbid
conditions, and other clinical parameters.

In summary, the results of this systematic literature review
showed preliminary evidence for the safety and efficacy of
relaxation therapy as a treatment for tics in patients with TS.
As the available literature is limited, further research is needed
to confirm our preliminary findings and reach more accurate
conclusions. Specifically, it is still unclear how relaxation ther-
apy compares to other behavioural treatment interventions for
tic control, as well as its exact role within multi-component
behavioural interventions for tic control such as the
Comprehensive Behavioral Intervention for Tics. The ongo-
ing search for more effective treatment strategies is a key
component of clinical research aimed at improving health-
related quality of life in patients with tic disorders.

Acknowledgements Gratitude is expressed to Tourettes Action UK and
Tourette Association of America for their ongoing support.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

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

References

1. American Psychiatric Association (2013) Diagnostic and statistical
manual of mental disorders: 5th edition (DSM-5). American
Psychiatric Publishing, Arlington

2. Martino D, Madhusudan N, Zis P, Cavanna AE (2013) An intro-
duction to the clinical phenomenology of Tourette syndrome. Int
Rev Neurobiol 112:1–33

3. Rajagopal S, Seri S, Cavanna AE (2013) Premonitory urges and
sensorimotor processing in Tourette syndrome. Behav Neurol
27(1):65–73T

ab
le
2

(c
on
tin

ue
d)

A
rt
ic
le

In
te
rv
en
tio

n(
s)

P
ar
tic
ip
an
t(
s)

S
tu
dy

ty
pe

Pr
oc
ed
ur
e

F
in
di
ng
s

C
om

m
en
ts

C
C
A
T

sc
or
e

(%
)

Fr
ie
dm

an
19
80

[3
2]

R
el
ax
at
io
n
tr
ai
ni
ng

an
d
se
lf
-c
on
tr
ol

te
ch
ni
qu
es

N
=
1

11
ye
ar
s
ol
d

Fe
m
al
e

D
ia
gn
os
is
of

T
S

C
as
e st
ud
y

Pa
rt
ic
ip
an
th

ad
15

se
ss
io
ns

(i
nc
lu
di
ng

se
lf
-c
on
tr
ol

te
ch
ni
qu
es

to
pr
ev
en
t

co
pr
ol
al
ia
)
ov
er

a
pe
ri
od

of
4

m
on
th
s.
Fo

llo
w
-u
p
at
4
an
d

18
m
on
th
s
af
te
r
in
te
rv
en
tio

n

C
op
ro
la
lia

im
pr
ov
ed

si
gn
if
ic
an
tly
.

B
ot
h
pa
rt
ic
ip
an
ta
nd

pa
re
nt
s

re
po
rt
ed

im
pr
ov
em

en
to

f
sy
m
pt
om

s
at
fo
llo

w
-u
p,
w
ith

tic
s
on
ly

ap
pa
re
nt

w
ith

st
re
ss

Id
io
sy
nc
ra
tic

re
sp
on
se

do
es

no
ta
llo
w
fo
r
ge
ne
ra
liz
at
io
n.

Pa
rt
ic
ip
an
th

ad
ph
ar
m
ac
ot
he
ra
py

be
fo
re

fo
llo

w
-u
p

35

C
C
AT

C
ro
w
e
C
ri
tic
al
A
pp
ra
is
al
To

ol

1016 Neurol Sci (2020) 41:1011–1017



4. Buse J, KirschbaumC, Leckman J, Münchau A, Roessner V (2014)
The modulating role of stress in the onset and course of Tourette’s
syndrome. Behav Modif 38(2):184–216

5. O’Connor K, Brisebois H, Brault M, Robillard S, Loiselle J (2003)
Behavioral activity associated with onset in chronic tic and habit
disorder. Behav Res Ther 41(2):241–249

6. Eapen V, Fox-Hiley P, Banerjee S, Robertson M (2004) Clinical
features and associated psychopathology in a Tourette syndrome
cohort. Acta Neurol Scand 109(4):255–260

7. Nagai Y, Cavanna A, Critchley H (2009) Influence of sympathetic
autonomic arousal on tics: implications for a therapeutic behavioral
intervention for Tourette syndrome. J Psychosom Res 67(6):599–605

8. Hawksley J, Cavanna AE, Nagai Y (2015) The role of the auto-
nomic nervous system in Tourette syndrome. Front Neurosci 9:117

9. Findley D, Leckman J, Katsovich L, Lin H, ZhangH, Grantz H et al
(2003) Development of the Yale Children’s Global Stress Index
(YCGSI) and its application in children and adolescents with
Tourette’s syndrome and obsessive-compulsive disorder. J Am
Acad Child Adolesc Psychiatry 42(4):450–457

10. Corbett B,Mendoza S, BaymC, Bunge S, Levine S (2008) Examining
cortisol rhythmicity and responsivity to stress in children with Tourette
syndrome. Psychoneuroendocrinology 33(6):810–820

11. Verdellen C, van de Griendt J, Hartmann A, Murphy T (2011)
European clinical guidelines for Tourette syndrome and other tic
disorders. Part III: behavioural and psychosocial interventions. Eur
Child Adolesc Psychiatry 20(4):197–207

12. Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group
(2009) Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. Ann Intern Med 151(4):264–269

13. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC et al
(2009) The PRISMA statement for reporting systematic reviews
and meta-analyses of studies that evaluate health care interventions:
explanation and elaboration. PLoS Med 6(7):e1000100

14. Peterson AL, Azrin NH (1992) An evaluation of behavioral treat-
ments for Tourette syndrome. Behav Res Ther 30(2):167–174

15. Pringsheim T, Holler-Managan Y, Okun MS, Jankovic J, Piacentini
J, Cavanna AE et al (2019) Comprehensive systematic review sum-
mary: treatment of tics in people with Tourette syndrome and chron-
ic tic disorders. Neurology 92(19):907–915

16. Glavin G (1985) Stress and brain noradrenaline: a review. Neurosci
Biobehav Rev 9(2):233–243

17. Roessner V, Plessen K, Rothenberger A, Ludolph A, Rizzo R, Skov
L et al (2011) European clinical guidelines for Tourette syndrome
and other tic disorders. Part II: pharmacological treatment. Eur
Child Adolesc Psychiatry 20(4):173–196

18. Crowe M, Sheppard L (2011) A review of critical appraisal tools
show they lack rigor: alternative tool structure is proposed. J Clin
Epidemiol 64(1):79–89

19. Crowe M, Sheppard L, Campbell A (2011) Comparison of the
effects of using the Crowe Critical Appraisal Tool versus informal
appraisal in assessing health research: a randomised trial. Int J Evid
Based Healthc 9(4):444–449

20. Evers R, van de Wetering B (1994) A treatment model for motor
tics based on a specific tension-reduction technique. J Behav Ther
Exp Psychiatry 25(3):255–260

21. Tophoff M (1973) Massed practice, relaxation and assertion train-
ing in the treatment of Gilles de la Tourette’s syndrome. J Behav
Ther Exp Psychiatry 4(1):71–73

22. Reese H, Vallejo Z, Rasmussen J, Crowe K, Rosenfield E, Wilhelm S
(2015) Mindfulness-based stress reduction for Tourette syndrome and
chronic tic disorder: a pilot study. J Psychosom Res 78(3):293–298

23. Bergin A, Waranch H, Brown J, Carson K, Singer H (1998)
Relaxation therapy in Tourette syndrome: a pilot study. Pediatr
Neurol 18(2):136–142

24. Peterson AL, Azrin NH (1992) An evaluation of behavioural treat-
ments for Tourette syndrome. Behav Res Ther 30(2):167–174

25. Schünemann HJ, Oxman AD, Higgins JPT, Vist GE, Glasziou P,
Guyatt GH (2011) Presenting results and ‘summary of findings’
tables. In: Higgins JPT, Green S (eds) Cochrane handbook for sys-
tematic reviews of interventions (version 5.1.0). the Cochrane
Collaboration, New York

26. Michultka D, Blanchard E, Rosenblum E (1989) Stress manage-
ment and Gilles de la Tourette’s syndrome. Biofeedback Self Regul
14(2):115–123

27. Zarkowska E, Crawley B, Locke J (2008) A behavioural interven-
tion for Gilles de la Tourette syndrome in a severely mentally
handicapped girl. J Intellect Disabil Res 33(3):245–253

28. James-Roberts N, Powell G (1979) A case-study comparing the
effects of relaxation and massed practice upon tic frequency.
Behav Res Ther 17(4):401–403

29. Turpin G, Powell G (1984) Effects of massed practice and cue-
controlled relaxation on tic frequency in Gilles de la Tourette’s
syndrome. Behav Res Ther 22(2):165–178

30. Piacentini J, Woods D, Scahill L, Wilhelm S, Peterson A, Chang S
et al (2010) Behavior therapy for children with Tourette disorder.
JAMA 303(19):1929–1937

31. Culbertson F (1989) A four-step hypnotherapy model for Gilles de
la Tourette’s syndrome. Am J Clin Hypn 31(4):252–256

32. Friedman S (1980) Self-control in the treatment of Gilles de la
Tourette’s syndrome: case study with 18-month follow-up. J
Consult Clin Psychol 48(3):400–402

33. Kohen D, Botts P (1987) Relaxation-imagery (self-hypnosis) in
Tourette syndrome: experience with four children. Am J Clin
Hypn 29(4):227–237

34. Wilhelm S, Peterson A, Piacentini J, Woods D, Deckersbach T,
Sukhodolsky D et al (2012) Randomized trial of behavior therapy for
adults with Tourette syndrome. Arch Gen Psychiatry 69(8):795–803

35. HimleM,WoodsD, Piacentini J,Walkup J (2006)Brief review of habit
reversal training for Tourette syndrome. J Child Neurol 21(8):719–725

36. Black K, Jankovic J, Hershey T, McNaught K, Mink J, Walkup J
(2014) Progress in research on Tourette syndrome. J Obs Compuls
Relat Dis 3(4):359–362

37. Cavanna AE (2018) Gilles de la Tourette syndrome as a paradig-
matic neuropsychiatric disorder. CNS Spectr 23(3):213–218

38. Cavanna AE (2018) The neuropsychiatry of Gilles de la Tourette
syndrome: the état de l’art. Rev Neurol 174(9):621–627

39. Eapen V, Cavanna AE, Robertson MM (2016) Comorbidities, social
impact, and quality of life in Tourette syndrome. Front Psychiatry 7:97

40. Evans J, Seri S, Cavanna AE (2016) The effects of Gilles de la
Tourette syndrome and other chronic tic disorders on quality of life
across the lifespan: a systematic review. Eur Child Adolesc
Psychiatry 25(9):939–948

41. Twohig M, Hayes S, Plumb J, Pruitt L, Collins A, Hazlett-Stevens H
et al (2010) A randomized clinical trial of acceptance and commitment
therapy versus progressive relaxation training for obsessive-compulsive
disorder. J Consult Clin Psychol 78(5):705–716

42. Piacentini J, Bergman R, Chang S, Langley A, Peris T, Wood J et al
(2011) Controlled comparison of family cognitive behavioral ther-
apy and psychoeducation/relaxation training for child obsessive-
compulsive disorder. J Am Acad Child Adolesc Psychiatry
50(11):1149–1161

43. Safren S, Sprich S, Mimiaga M, Surman C, Knouse L, Groves M
et al (2010) Cognitive behavioral therapy vs relaxation with educa-
tional support for medication-treated adults with ADHD and per-
sistent symptoms. JAMA 304(8):875–880

44. Roessner V, Hoekstra P, Rothenberger A (2010) Tourette’s disorder
and other tic disorders in DSM-5: a comment. Eur Child Adolesc
Psychiatry 20(2):71–74

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Neurol Sci (2020) 41:1011–1017 1017


	Relaxation therapy as a treatment for tics in patients with Tourette syndrome: a systematic literature review
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References


