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The rapid expansion of access to and engagement with digital technology
over the past 15 years has transformed the potential for remote delivery
of evidence-based digital health interventions (DHls). Digital and remote
behavioral interventions have the potential to address current gaps in the
provision of evidence-based therapies in healthcare services. As the lack of
access to behavioral treatments for people with tic disorders is a pressing
issue across the world, there is great potential for DHIs to close this treatment
gap. Here, we present a critical synthesis of the recent key advances in the
field of digitally delivered, remote therapy for tics, outlining the research
evidence for the clinical and cost-effectiveness and acceptability of digital
or remotely delivered therapy. We found five trials aimed at reducing tic
severity in children and young people and one trial for adults. The evidence
supports the clinical utility of DHIs to deliver tic therapies, which shows promise
in being clinically efficacious compared to an active control. Furthermore,
DHls in trials show good adherence and engagement and are acceptable to
patients. The role of human support (including therapists and parents for young
people) is likely to be important to encourage adherence. DHIs, where the
main therapeutic content is delivered via web-based chapters, are likely to
reduce clinical time, and maintain intervention fidelity, but further research
is required to understand cost-effectiveness. Despite utilizing randomized
controlled trials, only two trials were sufficiently powered to address efficacy
and only one trial explored contextual factors that may influence engagement.
Moreover, only one trial followed patients for >12 months, thus further long-
term follow-ups are required. Specifically, we note that despite an emerging
evidence base, DHIs for tics are yet to be routinely implemented in healthcare
provision in any country. Drawing on the existing evidence, we conclude by
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proposing a stepped care model, in which digital therapy is implemented
as a widely accessible first-line treatment using a purely online or therapist-

supported approach.

tics, Tourette syndrome, review, digital interventions, behavioral therapy, treatment

Introduction

Tic disorders, such as Tourette syndrome (TS), affect around
1% of children (1) and around 0.05% of adults (2) and are
associated with a range of co-occurring behavioral, motor, and
emotional conditions which can have a profound impact on
children’s and adult’s quality of life, school/work experience and
peer relationships (3). Although pharmacological interventions
can be useful for people with tic disorders, behavioral
and educational approaches are generally recommended in
guidelines as a first line intervention (4). However, access
to evidence-based behavioral therapies is limited due to the
small number of highly trained therapists based in a few
specialist centers with an uneven geographical distribution of
services relative to demand. Digital health interventions (DHIs)
provide the opportunity to widen access to psychoeducation and
evidence-based behavioral therapies and thus reduce the severity
and impact of debilitating conditions such as tic disorders.

Although studies have shown that DHIs can be efficacious
in reducing symptom severity in people with tic disorders (5),
no DHIs for tic disorders have yet to be implemented into
routine clinical care. Digital delivery encompasses different types
of treatment with varying active ingredients. The treatments
are based on established techniques including Habit Reversal
Therapy (HRT), in which patients learn to detect tics and use a
competing response (usually an incompatible action) to control
them; Comprehensive Behavioral Intervention for Tics (CBIT),
which combines HRT with relaxation, functional analysis, and
social support; Exposure and Response Prevention (ERP), in
which patients learn to suppress their tics (response prevention)
while tolerating urges to tic (exposure); and psychoeducation,
where the focus is on the history, prevalence, and risk typically
associated with tic disorders, and advice on healthy habits but
with no information on tic control. Here, we review the recent
key advances in the field of digitally delivered and remote
therapy for tic disorders, outlining the research evidence for the
clinical efficacy and cost-effectiveness and acceptability of these
therapies. Efficacy refers to evidence gathered within tightly
controlled trials whereas effectiveness refers to trials conducted
in real-world settings. We explore strengths and limitations in
the research design as well as investigating differences in the
therapeutic approaches (i.e., type of therapy, use of blended
human support, mode of delivery) of research to date. In doing
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so, we outline gaps for future research; examine the importance
of the human factor in digital modalities, and implications for
future care pathways as well as recommendations for practice.
This paper examines the evidence for the efficacy of DHISs for tic
disorders, which can be used to inform future research looking
into the effectiveness of these interventions in order to assess the
potential for implementation.

Overview of digital and remote
therapies

Recent advances in the use of digital technology have
coincided with increasing rates of mental health and behavioral
problems in young people and a growing demand for mental
health services that outstrips supply and the capacity of
traditional therapeutic approaches to respond. Thus, health
services are turning to digital modalities to reach a larger
proportion of the population (e.g., people who may be under
provided for by standard face-to-face care) in a more efficient
and patient-centered manner. DHIs refer to interventions
delivered via technologies using a range of digital modalities,
such as smartphones, applications (“apps”), wearable devices,
robotics, websites, social media, or text messaging. DHIs can
be used as a platform to help treat a range of physical and
psychiatric disorders (6) promote positive health behaviors
(7) and even improve outcomes of people with long term
conditions (8). There is considerable optimism within the
medical community that digital technologies—especially apps
used on smartphones, tablets, and watches—could open a new
frontier for the implementation of interventions to aid in the
recovery from a range of disorders (9). Despite there being
an estimated 350,000 health apps available to download across
the major app stores (10), the vast majority have little or no
evidence base.

These digital interventions may be delivered with varying
degrees of human support. On one end of the spectrum, the
intervention is delivered in a purely self-directed manner, with
no therapist or human support. On the other end of the
spectrum, the technology may be simply used as a vehicle
for a therapist to remotely deliver therapeutic content in
real-time (such as cognitive behavioral therapy delivered via
videoconferencing). In the middle, there is a more “blended”
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approach whereby the technology platform is used to deliver
the core therapeutic content with therapist support. This
support may be provided synchronously or asynchronously
(i.e., immediate or delayed responses) and be limited to only
motivational or trouble-shooting advice or provide an adjunct
to the therapeutic content (11).

For this review, we performed a non-systematic literature
search using key terms such as digital interventions and tic
disorders in databases including PsychINFO, PubMed, Embase,
Central, Web of Science, and Medline. We also consulted
with our clinical expert team to see if we omitted any studies
of relevance. Studies were selected if the intervention aimed
to improve the diagnostic symptomology of the tic disorder
and was delivered via a website, mobile application (“app”),
social media, email, or other form of digital technology. The
intervention could include human support in its delivery and
there was no restriction on targeted age. The search resulted in
six trials for review.

Videoconference delivered therapy
for tic disorders

Initially, DHIs could only be delivered through desktop
computers either locally or via modem connectivity meaning
that users needed to be in a specific location to access
the intervention. Indeed, the first two studies using digital
modalities to deliver therapeutic content to people with tic
disorders used videoconferencing software (“Skype”). Himle
et al. (12) carried out the first pilot randomized controlled
trial (RCT) within the realm of digital therapy for tic disorders
(see Table 1 for summary of included studies). Extending on
the findings of a previous pilot trial (13), they compared
videoconferencing delivered CBIT to face-to-face CBIT for 8-
17-year-olds with tics in USA. Participants (N = 20) attended
8 weekly sessions of CBIT at one of two university-based tic
disorder specialty clinics over 10 weeks. Therapists were doctoral
level psychologists with extensive CBIT training and experience,
and study personnel were on hand to help participants connect
to the remote therapist and to manage any technical difficulties.
The primary outcome was tic severity as measured on the Yale
Global Tic Severity Scale Total Tic Score (YGTSS-TTS) (14).
The researchers found a statistically significant reduction in
tic severity scores from baseline to 10-week follow-up (post-
intervention) in both groups. Although the mean reduction
in YGTSS-TSS in the videoconferencing group (7.8-point
reduction) was greater than that of the face-to-face group
(6.5-point reduction), this did not reach statistical significance
between groups. Furthermore, positive treatment response as
measured on the Clinical Global Impressions Improvement
(CGI-I) (15) scale showed similar between group findings,
with 80% being classified as treatment responders in the
videoconferencing group compared to 75% in the face-to-face
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condition. This study indicated that videoconferencing was at
least as efficacious as face-to-face therapy. Moreover, a measure
of treatment credibility was similar between the two modes
of delivery. Overall, this was the first RCT to show promising
findings with regards to both positive outcomes and treatment
acceptability in the domain of DHISs for tics.

Following on from this study, Ricketts et al. (16) conducted
a similar RCT also in USA, however, they compared
videoconferencing CBIT to a waitlist control. Participants
(N = 20) were 8-16-year-olds and therapeutic content was
delivered by a therapist located in a university-based tic
disorders specialty clinic. However, in contrast to Himle et al.
(12), participants accessed videoconferencing therapy from
home. Both the child and their parent were required to be
present for sessions, although for mature older adolescents
(i.e., those who were 16 years) this was waived and they
could attend alone. Treatment consisted of two 1.5-h sessions
followed by six 1-h sessions occurring over a 10-week period.
Parents were urged to reward children to help their engagement
rates and participants were financially rewarded by the study
team for completion of both the baseline assessment and the
post-assessment. The study found no statistically significant
difference in tic severity scores between the videoconferencing
and waitlist group. However, in the videoconferencing group
there was a significant within-group reduction in tic severity
scores between baseline and follow-up (10-weeks post baseline)
which was not observed in the control group. Furthermore,
there were a significantly higher proportion of treatment
responders in the videoconferencing CBIT group (33.3%)
relative to waitlist control (0%) and parent acceptability
ratings were high. Given the small sample sizes, it is unlikely
that the samples of either Himle et al. (12) or Ricketts et al.
(16) were powered to detect the effect of DHIs on clinical
outcomes, however, the findings provide preliminary support
and acceptability of DHIs for tics.

Web-based internet therapy for tic
disorders

Whilst the two studies described showed promising findings
and potentially opened a new frontier for delivering evidence-
based treatments via digital modalities, either the participants
and/or the therapists had to be present at a clinic for the
sessions and the technology was used as a vehicle to aid remote
human therapist delivery of the intervention: it doesn’t address a
critical factor affecting access which is the lack of highly trained
therapists. As digital technology progressed exponentially in
the years since the Ricketts et al. (16) study in 2016, there
was a move away from videoconferencing to mobile, remote
technology, which allowed more flexibility for participants to
complete sessions at their own pace at a setting of their choosing.
Moreover, smartphones could now be integrated to send SMS
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TABLE 1 Summary of included studies.

Reference  Design, Sample Intervention Length/ Comorbidities Outcome Human Adherence and Summary of main findings
number demographics and dosage, measures support engagement
of arms, and modality follow- with
comparator, baseline ups intervention
sample tic
size and severity
study
location,
setting
Himle, et al. RCT 2 arms, Children Internet- 8 weekly 33% anxiety, YGTSS*, Therapist 2 dropped out before The intervention group showed a mean
(12) F2F CBIT, N (8-17 yrs old, accessed sessions of 28% ADHD, CGI-S and supported primary analysis; both YGTSS-TTS reduction of 7.8 points and the
=20, USA, M=11.6), Videoconference CBIT 22% OCD CGI-1, PTQ, in F2F group F2F group showed a mean reduction of 6.5
clinic 94% male, (Skype) delivered WAIL TAQ points. Within-group ES for the two treatment
28% on tic CBIT over 10 delivery modalities were ES = 0.54 and ES =
medication, weeks. FU 0.75, for intervention and F2F. The
67% TS only, = post- intervention group showed a mean
baseline treatment YGTSS-TTS reduction of 6.4 points at
YGTSS-TTS (week 10), follow-up and the F2F group showed a mean
=237 and at reduction of 4.2 points. Within-group effect
4-months sizes for the two delivery modalities were ES =
0.39 and ES = 0.41, for intervention and F2F.
Ricketts RCT 2 arms, Children Internet- Treatment 25.8% ADHD, YGTSS*, Therapist Only 1 patient In the intervention group there was a
etal. (16) WLC, (8-16 yrs old, accessed consisted of 8.3% OCD CGI-I, PTQ, and parent discontinued statistically significant decrease of 7.25 points
N=20, USA, M=12.1), Videoconference two 1.5-h CPTR, CSQ, supported treatment as they in YGTSS-TTS total scores from baseline to
clinic and 64.9% male, (Skype) sessions TAQ, VSQ sought treatment for post-assessment. In the WLC group, the
home based 95.8% CBIT followed by OCD instead 1.75-point decrease on the YGTSS-TTS total
Caucasian, six 1-h scores from baseline to post-assessment was
35% on tic sessions not significant.
medication, occurring
75% TS only, over a
baseline 10-week
YGTSS-TTS period. FU
=2575 = 10-week
post
treatment

(Continued)
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TABLE 1 Continued

Reference  Design, Sample Intervention Length/ Comorbidities Outcome Human Adherence and Summary of main findings
number demographics and dosage, measures support engagement
of arms, and modality follow- with
comparator, baseline ups intervention
sample tic
size and severity
study
location,
setting
Andrén Pilot RCT 2 Children Internet 10 chapters 39% ADHD, YGTSS*, Therapist Average number of Significant reduction on the YGTSS-TTS for
etal. (17) arms, No (8-16 yrs old, delivered over 10 13% OCD CGAS, and parent completed chapters internet ERP, but not for internet HRT.
comparison M =12.3), ERP and weeks. FU CGI-S and supported was 7.92 (for both Within-group Cohen’s d was 1.12 for internet
between 65% male, HRT = post- CGI-, children and parents) ERP and 0.50 for internet HRT.
groups, N = 17.5% on tic treatment PUTS, in the ERP group, and
23, Sweden, medication, and 3 GTS-QOL, 7.36 (children) and
home based baseline (primary adapted 7.09 (parents) in the
YGTSS-TTS endpoint), child version HRT group. 6
=236 6 and of the children (50%) and 5
12-month WSAS, parents (42%) in the
OCI-Child ERP group, and 5
version, children and parents
CDI-S, PTQ, (45%) in the HRT
WSAS-Y group completed all
(parent), 10 chapters. None lost
SMFQ to FU.
Rachamim Feasibility Children Internet 9 modules 43.9% ADHD, YGTSS*, Therapist 23 completed 9 A significant interaction was found for the
etal. (19) and (7-18 yrs old, delivered over 9 31.7% OCD CGI-I, and parent modules. Participants YGTSS-TTS between time-point and group [F
effectiveness M =11.26), CBIT weeks. FU CGAS, supported completed a mean of (1,39) = 9.96, p = 0.003, large effect]. At
study with 70.7% male, = post- ADIS, PTQ, 8.8/9 modules. post-intervention (time 2), the YGTSS-TTS
crossover 24.4% on tic treatment, 3 Revised Reasons for stopping was significantly reduced in the internet CBIT
design, 2 medication, and CPRS, OCI, (n=2)included a arm only. Internet CBIT was associated with a
arms, WLC, baseline 6-months SCARED, lack of motivation mean YGTSS-TTS reduction of 6.60 points (p
N=41, YGTSS-TTS LSAS, RSES, and self-discipline. < 0.001) compared with a mean YGTSS-TTS
Israel, home =22.72 CDI reduction of 0.94 points (p = 0.51) in the WLC

based

arm. This 6.60 points difference was clinically
meaningful, with an ES of within-group

Cohen’s d = 0.91, large effect.

(Continued)
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TABLE 1 Continued

Reference  Design, Sample Intervention Length/ Comorbidities Outcome Human Adherence and Summary of main findings
number demographics and dosage, measures support engagement
of arms, and modality follow- with
comparator, baseline ups intervention
sample tic
size and severity
study
location,
setting
Hollis et al. RCT 2 arms, Children Internet 10-12 27% anxiety YGTSS*, Therapist 204 (91%) received Mean total decrease in YGTSS-TTSS at 3
(18) Internet (9-17 yrs old, delivered weeks of 10 disorder, CGI-I, and parent the minimum months was 4.5 (16%) in the ERP group vs. 1.6
Psychoeducation, M = 12), 79% ERP chapters for 25.5% ADHD, CGAS, supported intervention (at least (6%) in the psychoeducation group, and at 6
N =224, male, 87% both child 22.5% ODD CASUS, first 4 chapters) and months was 6.9 (24%) in the ERP group vs. 3.4
UK, home White, 13% and parent. CHU9D, were treatment (12%) in the psychoeducation group. The
based on FU =3-,6-, SDQ, PTQ, completers (99 in the estimated mean difference in YGTSS-TTSS
medication 12- and modified ERP group and 105 in change between the groups at 3 months was
for tics, 18-months version of the psychoeducation —2.29 points (95% CI —3.86 to —0.71) in favor
baseline post- the Hill and group). 186 (83%) of ERP, with an ES of —0.31 (95% CI —0.52 to
YGTSS-TTS randomization Taylor were followed up 6 —0.10)
=284 side-effects months after
scale, MFQ, randomization (93 in
SCAS, the ERP group and 93
PUTS, C&A- in the
GTS-QOL psychoeducation
group).

(Continued)
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TABLE 1 Continued

Reference  Design, Sample Intervention Length/ Comorbidities Outcome Human Adherence and Summary of main findings
number demographics and dosage, measures support engagement
of arms, and modality follow- with
comparator, baseline ups intervention
sample tic
size and severity
study
location,
setting
Haas et al. RCT 3 arms, Adults (112 Internet 8 sessions Not reported YGTSS*, No human 108 (67.1%) were Internet CBIT group showed a larger tic
(20) Placebo and males, 49 delivered over 10 Modified support considered as reduction [2.54 (—3.53; —1.55)] in comparison
F2F CBIT, N females, CBIT weeks. FU RVBTRS, compliant until V3. to the placebo group [—1.26 (—2.16; —0.35)] at
=161, mean age = =5 weeks Adult Tic Rate of V3. Difference in YGTSS-TTS change to
Germany, 35.6 yrs old, after start of Questionnaire, non-compliance was baseline between placebo and internet CBIT
home based range = treatment GTS-QoL, lowest in the placebo was —1.28 (—2.58; 0.01). Significance for
18-62 yrs), (V2),1 PUTS-9, group (22.9%) and superiority of internet CBIT was narrowly
40.4% on tic week after CGI-S and similarly high in both missed and the null hypothesis could not be
medication, end of CGI-I, treatment groups rejected as the upper 95% CI limit was
baseline treatment Y-BOCS, marginally above 0. Difference in YGTSS-TTS
YGTSS-TTS (V35 Conners’ change to baseline between internet CBIT and
=24.37 primary Adult F2F CBIT at V3 was 0.98 [—1.01; 2.96]. Since
endpoint), ADHD the upper bound of the 95% CI was below the
and 2 Rating non-inferiority margin of 3; non-inferiority of
follow-up Scales, internet CBIT in comparison to F2F CBIT
visits at 3 BDI-II, BAI, could be observed.
(V4) and 6 WAI-SR
months
(V5)

*Primary outcome measure. ADHD, attention deficit hyperactivity disorder; ADIS, Anxiety Disorders Interview Schedule; CBIT, Comprehensive Behavioral Intervention for Tics; CDI, Children’s Depression Inventory; CGAS, The Children’s Global
Assessment Scale; CGI-I, Clinical Global Impression-Improvement Scale; CGI-S, The Clinical Global Impression-Severity scale; CHU9D, Child Health Utility instrument; CPRS, Child-Parent Relationship Scale; CPTR, Children’s Perception of
Therapeutic Relationship; CSQ, Client Satisfaction Questionnaire; ERP, Exposure and Response Prevention; ES, effect size; F2F, Face-to-face; FU, Follow-up; GTS-QOL, Gilles de la Tourette Syndrome-Quality of Life Scale; HRT, Habit Reversal
Therapy; LSAS, Liebowitz Social Anxiety Scale; MFQ, Mood and Feelings Questionnaire; OCD, obsessive compulsive disorder; OCI, Obsessive-Compulsive Inventory; ODD, Oppositional defiant disorder; PTQ, Parent Tic Questionnaire; PUTS,
Premonitory Urges for Tic Disorders Scale; RCT, randomized controlled trial; RSES, Rosenberg’s Self-Esteem Scale; RVBTRS, Rush Video-Based Tic Rating Scale; SCARED, Screen for Child Anxiety Related Disorders; SCAS, Spence Children’s Anxiety
Scale; TAQ, Treatment Acceptability Questionnaire; TAU, Treatment as usual; TS, Tic syndrome; TTS, Total Tic Score; VSQ, Videoconferencing Satisfaction Questionnaire; WAI, Working Alliance Inventory; WLC, wait-list control; WSAS, Work and
Social Adjustment Scale; YGTSS, Yale Global Tic Severity Scale.
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or emails as an adjunct to regular face-to-face therapy with
therapeutic content delivered by web-based chapters. Andrén
etal. (17) were the first to take advantage of this new technology
in the tic disorder domain. They conducted a pilot RCT in
Sweden evaluating two types of internet-delivered behavioral
therapies: ERP and HRT. Participants (N = 23) were 8-16-
year-olds who completed 10 web-based chapters of remote
therapeutic content, similar to a self-help book, over 10 weeks
with parental support. Parents had separate logins to the online
platform and were able to access extended versions of the
treatment content. Specifically, parents learnt about parental
coping strategies, social support, and functional analysis (i.e.,
examining the causes and consequences of behavior). They also
had access to a therapist who did not deliver any therapeutic
content. Therapists were supervised, graduate psychologists who
were trained in the use of the platform and were mainly
responsible for engaging participants and responding to any
queries via the online platform or SMS. Therapists answered
queries via the online platform, which related to understanding
treatment content delivered in the web-based chapters and
any technical difficulties, but they did not provide any new
treatment content relating to ERP/HRT. The researchers found
that there was a significant reduction on the YGTSS-TTS for
the ERP group, but not for the HRT group 3-months post-
intervention. Within-group Cohen’s d was 1.12 for ERP and
0.50 for HRT. In addition, 9 participants (75%) in the ERP
group and 6 participants (55%) in the HRT group were classified
as treatment responders according to the CGI-I and children
and parents rated both treatments as credible and satisfaction
at post-treatment was high in both groups. Adherence and
engagement were excellent in both groups.

The Andrén et al. (17) study showed promising findings
that tic severity can be reduced with the use of remote
therapist supported internet delivered behavioral therapy, but
the study was not powered to explore clinical efficacy. Hollis
et al. (18) expanded on this pilot by conducting a large
RCT in England using the same online platform as Andrén
et al. (17) with the content translated into English language.
In total, 224 participants aged between 9 and 17 years were
randomized to receive either internet ERP or online delivered
psychoeducation as an active control. ERP was chosen as the
active therapeutic intervention based on the findings from
Andrén et al. (17) which suggested that ERP may be more
acceptable and feasible to deliver in an online format. Aligned
with the pilot Swedish study, participants were required to work
through 10 chapters of content over 10 weeks with parental
and therapist support. Parents had their own chapter content
to work through which gave them tools to help support their
child during treatment as well as more information on tic
disorders and related conditions. The therapists’ role was to
answer any queries and engage participants but not deliver
any therapeutic content. The findings showed that at 3 months
post-baseline there was significant reduction in tics in the
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ERP group (4.5, 16% YGTSS-TTS reduction) compared to the
psychoeducation group (1.6, 6% YGTSS-TSS reduction). The
estimated mean difference in YGTSS-TTS change between the
groups at 3 months was —2.29 points in favor of ERP, with
an effect size of —0.31 (95% CI —0.52 to —0.10). There was
also a significantly greater positive treatment response with
ERP at 3 months (36%) than with psychoeducation (20%).
Adherence and engagement in both groups was excellent and the
perception of treatment suitability, credibility and satisfaction
was high across both groups. Although a full economic analysis
is to be reported in the long-term follow-up Online Remote
Behavioral Intervention for Tics (ORBIT) paper, preliminary
analysis showed that the fixed and variable costs including wider
healthcare costs of delivering the behavioral therapy (ERP) were
higher compared to psychoeducation [£159 (95% CI 53-370)
more per participant]. As the study did not compare to standard
face-to-face therapy it is not possible to understand cost-savings
compared to standard tic services. However, the authors indicate
that given the total therapist time in the trial was an average
of 2.5h delivered by a less-experienced therapist compared to
typically 9-10 h of highly skilled therapist time required for face-
to-face therapy, it is possible this would be cost-effective. In sum,
this was the first adequately powered RCT that showed internet
delivered behavioral therapy with low intensity human support
could reduce tic severity offering a new approach to breaking
down barriers in accessing evidence-based treatments.

Two further trials have been conducted that evaluated
remote digital behavioral therapies using a web-based delivery
approach. One used a crossover design and was carried out in
Israel by Rachamim et al. (19). They compared caregiver-guided
self-help internet delivered CBIT to a waitlist control group
in a sample of 41 children and adolescents (7-18 years). The
therapeutic content was delivered via nine web-based chapters
over 9 weeks, and participants had parental support with access
to a therapist, who provided support but did not deliver any
therapy. At post-intervention, the YGTSS-TTS was significantly
reduced in the internet CBIT arm only with a mean YGTSS-TTS
reduction of 6.60 points compared with a mean YGTSS-TTS
reduction of 0.94 points in the waitlist arm. The 6.60 points
difference had an effect size of within-group Cohen’s d = 0.91,
indicating large effect. All but one of the participants in the
internet CBIT group (95%) were rated as treatment responders.

The final study was carried out by Haas et al. (20) in
Germany and the sample was 161 adults. This was the only
study in the literature conducted in an adult population.
They compared self-directed internet CBIT delivered via
web-based chapters to placebo and face-to-face CBIT, with
participants completing 8 sessions over 10 weeks. The study
found no significant difference in efficacy between web-based
and face-to-face delivered CBIT (non-inferiority) and although
the web-based CBIT group showed a larger tic reduction
compared to the placebo condition, this fell short of statistical
significance. Overall, these two studies further add to the
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promising findings that digital technology could be used to
deliver evidence-based behavioral treatments to people with
tic disorders.

Strengths and limitations

In critically appraising the evidence of DHIs for people
with tic disorders, one must consider the inherent strengths
and limitations within the respective studies. All but one
of the studies employed a randomized controlled design,
which is considered the “gold standard” for efficacy studies.
However, most were not sufficiently powered to address
efficacy. All but two of the included trials had small sample
sizes (i.e., <50), which means that studies were probably
underpowered to reliably detect clinically meaningful
effects. One intrinsic methodological limitation of many
therapeutic intervention trials is the great difficulty in
blinding participants and those delivering treatment (21), thus
introducing a high risk of bias. This can be partially mitigated
by having outcome assessors (such as YGTSS assessors)
who are blind to arm allocation, which was done in all the
presented trials.

Before any new technology can be implemented in routine
practice, it is important to understand the costs of an
intervention to the healthcare system. Economic evaluations
can be used to inform decisions about the economic impact
and relative value for money of DHIs. It can assess whether
differences in costs between the intervention and competing
alternatives can be justified in terms of health and non-health
benefits. However, only one of the papers included a full health
economic analysis (18). Moreover, only one of the included
trials was conducted in an adult population and whilst the
sex distribution in the included studies is typical for a tic
disorder population, a large proportion of participants in the
studies were white, which may limit the generalizability of the
findings concerning ethnicity. Another criticism of the included
studies is the lack of long-term follow up data. It is imperative
to understand the sustainability of digital interventions,
however most of the included trials were of limited follow
up with only one of the trials measuring outcomes beyond
12-months (18, 22).

Furthermore, there is an issue with generalizing the findings
to routine practice. As a small proportion of participants in
the included trials had comorbidities, this may not reflect the
reality of standard practice especially as research suggests that
around 85-88% children with tic disorders have at least one
psychiatric comorbidity (23). The reported studies incorporated
a range of therapeutic content and approaches, differed in their
level of human involvement, and had varied comparators and
modalities of delivery, which could have affected participant
interaction and consequently, efficacy (24). Further research
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is required to understand better as to what works best and
for whom.

Despite these limitations, the included studies reported
promising findings that give cause for optimism in utilizing
digital technology for people with tic disorders. First, all
participants who received the digital treatments in the respective
studies showed some improvement in tic severity from baseline
to primary endpoint as measured on the YGTSS-TTS, which
ranged in a mean reduction of 4.5 points in Hollis et al. (18)
to 7.8 points in Himle et al. (12). Although these reductions
were over a similar timeframe, the Hollis et al. (16) study had
a far larger sample size which may explain the discrepancy
in tic reduction between the two studies. Furthermore, a
larger proportion of those who received a digital intervention
showed positive treatment response compared to controls. The
effect sizes, tic reduction, and responder statuses of included
studies are comparable to previous studies assessing face-
to-face therapeutic interventions for tic disorders (25, 26).
Another positive outcome, which was found in the ORBIT
trial, is that digital ERP could be delivered with around one
quarter of the therapist contact time (also at a lower level of
training) compared to evidence-based face-to-face behavioral
therapy. Therapists required limited training in how to use
the ORBIT platform and support the intervention. These are
positive findings as they show that digitally enabled behavioral
therapy has similar efficacy but lower costs than regular face-
to-face therapy, and, if delivered as a first-line behavioral
intervention, could allow more people to access evidence-based
non-pharmacological interventions. Another strength of the
trials is that they all used a validated and reliable measure,
namely the YGTSS. As the YGTSS is a subjective, clinician-
rated measure, it is imperative that researchers are trained and
supervised throughout the trial in how to conduct this measure.
Indeed, four out of the six trials included in this review explicitly
mentioned training their YGTSS assessors.

Aside from efficacy, before any new intervention can be
adopted in routine healthcare, assessments must be made on
how acceptable and/or credible participants found it. This is
particularly important when evaluating modern advancements
such as digital therapies. Indeed, all included studies showed that
participants were highly satisfied with the treatments and found
the mode of delivery acceptable/credible. Another consideration
is the extent to which the intervention was safe to deliver
and use, which is generally captured in the form of adverse
event reporting. All but two studies explicitly recorded and
reported on adverse events. Although a few serious adverse
events in total were reported across the included studies, none
were related to the treatment, suggesting that all interventions
were safe to use. Finally, all trials had low attrition and high
engagement rates with the intervention. As high attrition and
low engagement rates are a common problem in digital health
research (27, 28), this not only shows the need that this
population have for an evidence based behavioral treatment
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but that the included interventions appeared to be engaging to
users. However, it is worth noting that all but one of the studies
involved human support which may have positively impacted on
engagement rates.

Future research for tic-related digital
interventions

Primarily, it would be important for any future work to
supplement the limitations highlighted above. Only one of the
included studies assessed the cost-effectiveness of the digital
intervention, which is likely to be an important consideration
for policymakers. A cost-effectiveness evaluation would be
much needed in future research of digital interventions for tic
disorders to help policymakers make decisions on adoption
to routine healthcare. All but one of the interventions in this
review contained an element of human interaction, either with
synchronous contact by videoconferencing or asynchronous
contact through SMS or the online platform. The best
improvement in outcomes, therefore, may be achieved through
a blended approach of online intervention and human support.
As technology evolves rapidly, future online interventions will
be more dynamic, perhaps including real-time therapist input
and integrated synchronous crisis support. A promising new
development is the use of virtual reality, which has had positive
results on children with other neurodevelopmental disorders
(29) and a range of other mental health problems (30) but has
yet to be explored with individuals with tics. Developers could
utilize virtual reality to its full effect and enable a simulated,
life-like human therapist to support patients with tics, which
would also be more cost effective than a human therapist an area
worthy of future pursuit.

Future studies of digital interventions for people with tic
disorders must have larger sample sizes to generate greater
statistical power and allow for an increase in generalizability.
Moreover, there should be a more concerted effort to diversify
the inclusion criteria so that the samples are representative
of clinical practice. They must also consider including long-
term follow-up assessments to evaluate whether effects are
maintained over a prolonged period. Only one of the
included trials followed up participants beyond 12-months post-
randomization (18, 22). Although currently under investigated,
a potential strength of digital interventions is the delivery of
treatment in geographically distant and economically challenged
contexts, such as low- and middle-income countries, where
knowledge and application of treatments is reported to be
low (31). This area requires further research to define the
barriers and benefits. Furthermore, as is known within the
digital literature, it is crucial to understand how these complex
interventions work and for whom. Thus, future RCTs evaluating
DHIs for people with tic disorders should consider conducting
a mixed methods process evaluation concurrently with trial
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delivery, as this would be useful in addressing the intervention’s
implementation, mechanisms of impact and context. Such
findings were crucial in understanding the extent to which
ORBIT was both implemented with a high degree of quality (32)
and the mechanisms through which it achieved impact (33).

Despite much talk of triggering a revolution in health
service delivery and treatment, digital interventions are rarely
mainstreamed or sustained (34). This is partly because once
a DHI has shown efficacy in an RCT, there is an unclear
pathway to implementation. Therefore, the critical next step is
to conduct a real-world implementation study to show proof-
of-concept of a DHI for children with tic disorders. This
could take the form of a process evaluation, effectiveness,
and cost-effectiveness study. Furthermore, it would be sensible
for any future real-world evaluation to employ an evidence-
based implementation science framework to inform planning
and evaluation. For instance, the NASSS model (Non-
adoption, Abandonment, Scale-up, Spread and Sustain) (35)
is a mixed-methods approach that considers the influence
on implementation of complexities in key domains, such as
target problem, technology, adopters, organization, and broader
systems. This will enable policymakers to make decisions on
strategies to reduce or address complexity, which may increase
the likelihood of effective implementation and adoption in
routine healthcare services.

Another promising route to implementation for digital
interventions for tic disorders are hybrid implementation-
effectiveness trials, which have the potential to be an
appropriate design for simultaneously examining clinical and
implementation outcomes for DHIs. This would save valuable
time, as it would not rely on researchers carrying out efficacy
trials entirely separately from implementation research. For
example, Lane-Fall et al. (36) have developed a “subway line”
of translational research that may be a helpful heuristic for
conceptualizing future directions for hybrid implementation-
effectiveness trials within the tic-related field. However, this
requires a defined care pathway so the routes to accessing these
treatments are clear, as that is often a significant barrier. For
instance, these interventions would need to be overseen by a
clinician with tic experience and knowledge, as it would not fit
in with general practitioner’s (GP) who do not necessarily have
the expertise to deal with tic disorders.

The human factor

One could argue that there is no need for a therapist and,
to cut costs, all these digital therapies could be implemented
as self-help programs; however, there is no empirical evidence
to support this notion. Moreover, the literature suggests
that supported digital interventions are more engaging and
efficacious than non-supported interventions (5, 37, 38).
Optimizing user experience, which is defined as the extent
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to which an intervention is perceived by a person as useful,
enjoyable and user friendly, has great potential to address
barriers to successful future implementation (39). Increasingly,
human-centered designs are being employed in healthcare
innovations to enhance user experience, thereby promoting
better adherence and efficacy (40). As the adherence and
engagement rates were high in all included studies, it is
clear that human support played a crucial role in improving
user involvement.

Another point of consideration that is specific for children
and young people is the extent to which parents or carers should
be involved. Most of the interventions in this review had some
form of parental involvement, however the level of involvement
differed between studies. It does seem that parents play a
crucial role in engaging and ensuring the adherence of treatment
content within these interventions. Indeed, the ORBIT trial’s
process evaluation found that parental engagement significantly
influenced child’s level of engagement (32) and efficacy (33).
Several systematic reviews have also noted the crucial role
parents have in positive outcomes for children and adolescents
across a range of treatments for a variety of conditions (41—
43). Parents bring a strong level of commitment, availability and
personal expertise of their child that is an invaluable asset to
researchers and clinicians so must be utilized in any future roll
out. However, it must be noted that not all caregivers have the
capacity to assist with the delivery of such interventions given
systemic factors and competing demands. Therefore, there may
also be value in designing interventions that can be delivered
to children and young people whose parents do not have the
capacity to engage regularly in treatment. Furthermore, it is
worth considering that digital interventions have the potential
to provide more equitable access to care for caregivers who have
limited capacity to engage in face-to-face interventions (i.e., due
to costs, travel, work schedules, busy lives).

Recommendations for future
practice

Face-to-face behavioral therapy is an effective treatment for
tic disorders in children and adults, however less than one in
five have access in the UK (44). Rates vary across the world
but access to non-pharmacological treatments for tic disorders
is low in many contexts, even those with good provision of
care in other areas of mental health. All the studies in this
review show that digital delivery of behavior therapy for tics
can be an efficacious, engaging, and safe form of treatment. This
could greatly increase access to therapy. With recent European
clinical guidelines stating that behavior therapy should be
offered as first line treatment option (4), it seems that the digital
revolution offers a significant approach in overcoming the lack
of access.
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Despite this, there is a need to determine the optimum
care pathways with respect to sequencing and integration
of digital and face-to-face behavioral therapy for tics. For
example, a stepped-care approach could be implemented
offered first, followed by
more intensive face-to-face therapy for those who may

whereby digital therapy is
require it. Initially, this should be offered to children and
adolescents with tic disorders, as the research to date is
less robust in adults with tics. Only one study in this
review was conducted on adults with tics (20) and thus
more research is needed to establish its efficacy before
wider implementation.

In terms of what active components may be essential and
what this digital therapy may look like in any future roll out
in clinical services; this review may be able to shed some light
on this. Firstly, based on the available evidence, it appears that
either CBIT or ERP are likely to lend themselves to remote
delivery. Although CBIT has the largest evidence base of any
behavioral therapy in the tic literature (26), ERP is arguably more
efficient and less intensive as a digital therapy. For instance,
findings from the ORBIT trial, which used ERP as its form of
therapy, showed that participants only required their therapists
support for around 15min per week and largely undertook
the ERP practices themselves (18, 32). Moreover, therapists
involved in the ORBIT study needed very little training and were
less experienced than those who may deliver CBIT. Employing
therapists with little experience and who are less qualified than a
licensed doctoral-level therapist, for example, would also present
better value for money for healthcare services, as they could be
employed at a lower salary rate. However, caution must be taken
with these considerations as none of the studies in this review
included a comparison of which intervention and components
are best delivered digitally.

Design considerations of DHIs are one of many factors that
must be examined before any potential implementation. Firstly,
it is essential to include patient and public involvement (PPI) in
the process of designing and developing such interventions, as
is consistent with user-centered design principles. Such insights
from the PPI group involved in the ORBIT trial were pivotal
to its successful recruitment and retention of participants (45).
Findings from the literature suggest that individuals make
credibility judgements about online information (46) and cost-
benefit analysis of behavior (47) to determine their projections
of continuing, especially in the early stages of treatment. Thus,
it appears that developers of future iterations of DHIs for
children with tic disorders must consider how to make these
engaging and stimulating to facilitate continued usage. This
may constitute specific features such as video demonstrations
of therapy, animations, the ability to visualize which tics are
increasing or decreasing in severity and frequency which may
be especially engaging and enjoyable for children. Indeed, these
interactive components were identified as key features of the
ORBIT intervention and seemed to be used most (32). This
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is consistent with evidence that interactive elements, including
attractive audio-visual material to be amongst the most highly
used features of DHIs as they tend to keep users’ interest (48, 49).
This would be especially important to younger children whose
concentration levels would not be maintained with material that
was simply presented in writing, for example. It may also be
sensible to include some sort of reward system. This seems to
be an effective strategy to engage children and ensure that they
maintain their level of commitment with the practices involved
in behavioral therapy for tics.

Conclusion

The available evidence indicates that DHIs have potential
to be clinically efficacious in reducing tics as well as being
acceptable to patients. Further research is required to determine
cost-effectiveness. However, given potential cost-savings and
service efficiencies associated with a release of clinical time, it
is likely this would be cost-effective. Furthermore, additional
research is needed to establish long-term impact and determine
DHI in routine care pathways, outside of clinical trials. As all
the research to date in this domain have been conducted in
tightly controlled and monitored trials, the focus has been on
efficacy rather than effectiveness. Digital technology evolves at a
rapid pace meaning that as technology changes and interfaces
are updated it cannot be certain that a program that was
efficacious five or ten years ago would be equally efficacious
today. Although RCTs are still the gold standard for which to
assess the efficacy of DHISs, they can take many years to establish
evidence meaning technology outpaces this. Thus, there is a
need for more real-world evaluations to establish effectiveness.
A digital intervention that could be deployed to large numbers of
patients at a relatively low cost is a much needed and seemingly
acceptable means of providing patients with access to evidence-
based treatments. It could provide immediate access to these
treatments for those who otherwise would not have access
due to long waiting lists or their geographical location, which
could also potentially free up existing resources and services for
those requiring more complex treatment and assessment. Thus,
cutting costs and waiting times would be a two-fold benefit for
healthcare services and patients alike. There is a need to conduct
more robust research in this domain but also an urgency to
implement a digital intervention for children with tic disorders
in real-world settings.
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